
	

	

SACE Chemistry Guide 

Subtopic 1.3: Volumetric analysis 

Science Understanding Possible contexts 

Concentrations can be described by using 
a number of standard conventions. 
• Calculate concentration and interconvert 

units, including: mol L−
1, g L−

1, %w/v, 
ppm, and ppb. 

• Apply SI prefix conventions to quantities. 

Knowledge of the mole ratios of reactants 
can be used in quantitative calculations. 
• Perform stoichiometric calculations when 

given the reaction equation and the 
necessary data. 

A titration can be used to determine the 
concentration of a solution of a reactant in 
a chemical reaction. 
• Describe and explain the procedure 

involved in carrying out a titration, 
particularly rinsing glassware and 
determining the end-point. 

• Determine the concentration of a 
solution of a reactant in a chemical 
reaction by using the results of a 
titration. 

Note that this work builds upon concepts 
introduced in Stage 1 subtopics 1.3, 2.3, 
and 4.3. 

Introduce apparatus and discuss 
techniques, using sites such as the 
interactive lab primer at: 
http://www.rsc.org/learn-
chemistry/resource/res00001064/the-
interactive-lab-
primer?cmpid=CMP00007674 

Analyse the data obtained in titrations in 
terms of precision and accuracy. 

Explore the use of back titrations and 
indirect titrations in atmospheric and waste 
water analyses. 

Undertake titrations to determine or 
compare concentrations of various solutes 
(e.g. acid content in beverages, calcium or 
magnesium concentration, waste 
vegetable oil in biodiesel production, and 
dissolved oxygen in water). 

Participate in the RACI Titration 
Competition. 

Use indirect titration in ozone detection 
and other examples of air pollution 
analysis. 

Investigate how modern titration 
techniques improve the efficiency of quality 
control in the wine industry. 

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
 



	

	

1. Arsenic contamination of drinking water, caused by oxyanions of arsenic (AsO33-, AsO43-), 
is a major concern for human health in some countries. The maximum allowable 
concentration of arsenic in drinking water is 0.01 mg L-1. 
 
(A) Calculate this concentration in ppb. (2 marks) 

 
The safe daily limit of arsenic for an adult is 140 µg.  
 
(B) Calculate the volume of drinking water, in litres, that would contain this mass of 
arsenic. (2 marks) 
 
The process of removing arsenic from drinking water begins with the oxidation of AsO33- to 
AsO43-. 
 
(C) Complete the following half-equation for the oxidation of AsO33-. (2 marks) 

 
 

Citrate ions increase the rate of oxidation of AsO33- to AsO43-. The graph below represents 
the rate of formation of AsO43- in the absence of citrate ions. 
 

 
(D) Draw a curve on the graph that represents the rate of formation of AsO43- in the 
presence of citrate ions. (1 mark) 
 
AsO43- can then be removed from drinking water.  
 
An experiment was conducted to test if ultraviolet (UV) light treatment is more effective 
than visible light treatment at removing AsO43- from drinking water. 
 
(E) State the name given to the type of reaction that involves light. (1 mark) 
 



	

	

The percentage of AsO43- remaining in drinking water over time, with visible light treatment 
and with UV light treatment, is shown in the graph below: 

 
 
(F) Determine the percentage of AsO43- removed with UV light treatment at 100 
minutes. (1 mark) 
 
(G) Calculate the difference in the percentage of AsO43- remaining at 100 minutes 
with visible light treatment and with UV light treatment. (1 mark) 
 
(H) State the dependent variable in this experiment. (1 mark) 
 
(I) Describe one way in which the effect of random errors could be minimised in this 
experiment. (2 marks) 

 
 

2. The label on a bottle of household bleach states that the minimum concentration of 
hypochlorite ions, ClO-, is 5% w/v. 
 
(A) In the bleaching process ClO- is reduced to Cl-. Write a half-equation for this 
process. (2 marks) 
 
Credit will be given for the correct use of significant figures in the remaining parts of Q2. (1 
mark) 



	

	

The concentration of ClO- in this household bleach was determined by titration, using 
sodium thiosulfate (Na2S2O3.5H2O) and acidified potassium iodide (KI). The steps for this 
procedure are shown below.  
 
Step 1: A standard solution of 0.2034 mol L-1 sodium thiosulfate was prepared. 
 
(B) Calculate the mass, in grams, of Na2S2O3.5H2O crystals (M = 248.18 g mol-1) used 
to prepare this standard solution in a 250.0 mL volumetric flask. (3 marks) 
 
Step 2: A volume of 20.00 mL of the bleach was diluted to 200.00 mL.  
 
Step 3: 25.00 mL of the diluted bleach was mixed with an excess of acidified KI solution to 
ensure that all of the ClO- had reacted. The equation for this reaction is shown below:  
 

 
Step 4: This mixture was then titrated with sodium thiosulfate solution to react with I2. The 
equation for this reaction is shown below:  

 
The average titre of 0.2034 mol L-1 sodium thiosulfate solution obtained in Step 4 was 
33.94 mL. 
 
(C) Calculate the moles of S2O32- in the average titre. (2 marks) 
 
(D) Hence calculate the moles of I2 that reacted in Step 4. (1 mark) 
 
(E) Hence calculate the concentration, in %w/v, of ClO- (M = 51.45 g mol-1) in the 
original bottle of household bleach. (4 marks) 
 
(F) Explain whether the concentration of ClO- calculated would have been higher or 
lower if insufficient acidified KI solution had been added in Step 3. (2 marks) 
 
(G) Suggest one reason why the actual concentration of ClO- in bottles of household 
bleach is often higher than the concentration stated on their labels. (1 mark) 
 
 

3. An experiment was conducted to investigate the following exothermic reaction that occurs 
in the stratosphere: 

 
In one trial, 1.000 mol of NOCl was added to an empty 2.00 L flask. At equilibrium 0.056 
mol of Cl2 were present. 
 
Calculate the equilibrium concentrations of Cl2, NO, and NOCl, in mol L-1. (4 marks) 
 
 



	

	

4. Petrol and hydrogen can be used as fuels to power motor vehicles. 
 
One component of petrol is 2,2,4-trimethylpentane.  
 
(A) Draw the structural formula of 2,2,4-trimethylpentane. (2 marks) 
 
Some information about 2,2,4-trimethylpentane, C8H18, is as follows: 
- Molar mass: 114.23 g mol-1 
- Density: 692 g L-1 

 
(B) Calculate the moles of C8H18 in 60.0 L. (2 marks) 
 
The complete combustion of 1 mol of C8H18 releases 8 mol of carbon dioxide.  
 
(C) Hence calculate the mass of carbon dioxide produced by the complete 
combustion of 60.0 L of C8H18. (2 marks) 
 
 

5. A group of students was required to determine the concentration of a solution of 
hydrochloric acid, HCl, provided for a titration competition. In each titration, a 25.00 mL 
aliquot of a freshly standardised solution of 0.2450 M sodium hydroxide, NaOH, was 
pipetted into a conical flask and titrated against the HCl solution. An appropriate indicator 
was added. The experiment was repeated until three concordant results were obtained. 
The data for these titrations is shown in the following table. 
 

 
(A) Based on these results, the concentration of HCl is: 

 
A. 0.1322 M  
B. 0.4540 M  
C. 1.322 M  
D. 2.202 M 
 

(1 mark) 
    

(B) The experimental value of the concentration of HCl obtained from these titrations 
was less than the actual value. Which one of these actions by the students most 
likely accounts for the lower than expected result? 

 
A. rinsing the burette with water 
B. rinsing the pipette with water 
C. rinsing the conical flask with water 



	

	

D. leaving the funnel in the top of the burette 
 

(1 mark) 
 

6. The most suitable indicator for a titration of NaOH against benzoic acid, C6H5COOH, 
is: 

 
A. bromophenol blue 
B. methyl orange 
C. thymol blue 
D. phenol red 
 

(1 mark) 
 
 

7. A condensation reaction involving 200 glucose molecules, C6H12O6, results in a 
polysaccharide. The molar mass, in g mol-1, of the polysaccharide is: 

 
A. 36000 
B. 35982 
C. 32418 
D. 32400 

 
(1 mark) 

 
 
8. A common iron ore, fool’s gold, contains the mineral iron pyrite, FeS2.  

 
Typically, the percentage by mass of FeS2 in a sample of fool’s gold is between 90% and 
95%. The actual percentage in a sample can be determined by gravimetric analysis.  
 
The sulfur in FeS2 is converted to sulfate ions, SO42-. This is then mixed with an excess of 
barium chloride, BaCl2, to form barium sulfate, BaSO4, according to the equation: 
 

Ba2+(aq) + SO42-(aq) → BaSO4(s) 
 
When the reaction has gone to completion, the BaSO4 precipitate is collected in a filter 
paper and carefully washed. The filter paper and its contents are then transferred to a 
crucible. The crucible and its contents are heated until constant mass is achieved.  
 
The data for an analysis of a mineral sample is as follows: 
 



	

	

 
(A) Calculate the percentage by mass of FeS2 in this mineral sample. (5 marks) 
 
(B) State one assumption that was made in completing the calculations for this 
analysis. (1 mark) 
 
 

9. A solution of hydrochloric acid was standardised by titration against a sodium carbonate 
solution using the following procedure: 
• All glassware was rinsed correctly to remove possible contaminants.  
• Hydrochloric acid was placed in the burette.  
• 25.0 mL of sodium carbonate solution was pipetted into the conical flask.  
 
The titration was performed and the hydrochloric acid was found to be 0.200 mol L-1. 
 
(A) Identify the substance used to rinse the conical flask and justify your answer. (2 
marks) 
 
Seashells contain a mixture of carbonate compounds. The standardised hydrochloric acid 
was used to determine the percentage by mass of carbonate in a seashell using the 
following procedure: 
• A 0.145 g sample of the seashell was placed in a conical flask.  
• 50.0 mL of the standardised hydrochloric acid was added to the conical flask.  
• At the completion of the reaction, the mixture in the conical flask was titrated with 0.250 
mol L-1 sodium hydroxide.  
 
The volume of sodium hydroxide used in the titration was 29.5 mL.  
 
(B) Calculate the percentage by mass of carbonate in the sample of the seashell. (4 
marks) 
 
 

10. One process for the production of ethanol is shown in the equilibrium reaction below: 
 

 



	

	

(A) State the effect of increasing the temperature on the rate of this reaction. (1 
mark) 
 
In one reaction, 2.0 mol of C2H4 and 1.2 mol of H2O were placed in an evacuated and 
sealed 1 L flask. At equilibrium, 1.9 mol of C2H4 remained unreacted. 
 
(B) Calculate the number of moles of C2H5OH and H2O present at equilibrium. (3 
marks) 
 
 

11. One sample of canola oil was tested after use in cooking and found to have a pH of 5.5.  
 
Calculate the concentration, in mol L-1, of H+ in this sample. (2 marks) 

 
 
12. Retinol is a form of vitamin A that is used to synthesise pharmaceutical products. The 

structural formula of retinol is shown below: 
 

Retinol can be completely saturated by reaction with hydrogen gas.  
 
The molar mass of retinol is 286.45 g mol-1. 
 
Calculate the molar mass, in g mol-1, of the completely saturated form of retinol. (2 
marks) 
 
 

13. Volumetric analysis is used for the quantitative determination of PbCO3 in mineral ores.  
 
A 3.15 g sample of an ore was analysed to determine the percentage of PbCO3 present, 
using the following procedure:  
 
Step 1: An excess of 0.6293 mol L-1 HNO3(aq)  was added to the sample. The equation for 
this reaction is shown below: 

 
Step 2: When the reaction was complete, the unreacted HNO3 was titrated with 0.1423 mol 
L-1 NaOH(aq). The equation for the titration reaction is shown below: 



	

	

 
(A) State one observation that would indicate that the reaction in Step 1 was 
complete. (1 mark) 
 
Credit will be given for the correct use of significant figures in the remaining parts of Q13. 
(1 mark) 
 
The volume of HNO3 added in Step 1 was 25.00 mL.  
 
(B) Calculate the number of moles of HNO3 added to the sample. (2 marks) 
 
The volume of NaOH required was 23.67 mL.  
 
(C) Calculate the number of moles of NaOH that reacted with the HNO3 in Step 2. (2 
marks) 
 
(D) Calculate the number of moles of unreacted HNO3 that remained after Step 1. (1 
mark) 
 
(E) Hence, calculate the number of moles of HNO3 that reacted during Step 1. (1 
mark) 
 
(F) Calculate the number of moles of PbCO3 in the ore sample. (2 marks) 
 
(G) Calculate the percentage, by mass, of PbCO3 in the ore sample. (3 marks) 
 
The ore analysed also contained CaCO3.  
 
(H) State and explain the effect of CaCO3 on the calculated percentage of PbCO3 in 
the ore sample. (3 marks) 
 
 

14. When concentrated sulfuric acid is added to dry sucrose, C12H22O11, a black residue of 
pure carbon is produced. An equation for the reaction is:  
 

2C12H22O11(s) + 2H2SO4(aq) + O2(g) → 22C(s) + 2CO2(g) + 24H2O(g) + 2SO2(g) 
 

M(C12H22O11) = 342.0 g mol-1 
 
The mass of carbon residue that could be produced by the reaction of 50.0 g of 
sucrose with excess concentrated sulfuric acid is:  
 

A. 0.159g 
B. 0.877g 
C. 19.3g 
D. 38.6g 

 
(1 mark) 



	

	

 
 

15. In an experiment, 0.051 mol of sodium hydroxide, NaOH, reacted completely with 0.017 
mol of citric acid, C6H8O7.  
 
Which one of the following equations correctly represents the reaction between 
citric acid and the sodium hydroxide solution? 
 

A. NaOH(aq) + C6H8O7(aq) → NaC6H7O7(aq) + H2O(l)  
B. 2NaOH(aq) + C6H8O7(aq) → Na2C6H6O7(aq) + 2H2O(l)  
C. 3NaOH(aq) + C6H8O7(aq) → Na3C6H5O7(aq) + 3H2O(l)  
D. 4NaOH(aq) + C6H8O7(aq) → Na4C6H4O7(aq) + 4H2O(l) 
 

(1 mark) 
 

 
16. The emergency oxygen system in a passenger aircraft uses the decomposition of sodium 

chlorate to produce oxygen. At 76.0 kPa and 292 K, each adult passenger needs about 
1.60 L of oxygen per minute. The equation for the reaction is:  
 

2NaClO3(s) → 2NaCl(s) + 3O2(g) 
 

M(NaClO3) = 106.5 g mol-1 
 
The mass of sodium chlorate required to provide the required volume of oxygen for 
each adult passenger per minute is: 
 

A. 3.56g 
B. 5.34g 
C. 7.85g 
D. 53.7g 

 
(1 mark) 
 
 

17. A small group of Chemistry students analysed household cloudy ammonia (a detergent 
used in domestic cleaning). A back titration was used because the detergent contained 
ammonia, which is very volatile. The teacher’s instructions for the analysis were as follows:  
 
Step 1 – Pipette 20.00 mL of the cloudy ammonia into a 250.00 mL volumetric flask.  
 
Step 2 – Add 100.00 mL of hydrochloric acid, which is in excess.  
 
Step 3 – Make the volume up to the 250 mL mark with deionised water. Label this ‘Solution 
A’.  
 
Step 4 – Fill a burette with sodium hydroxide solution.  
 
Step 5 – Transfer a 20.00 mL aliquot of Solution A (from Step 3) to a titration flask. Add 
indicator and titrate with the sodium hydroxide solution.  



	

	

 
Step 6 – Repeat Step 5 until three concordant results are obtained.  
 
The relevant equations for this analysis are as follows: 
 

 
The students’ results for the analysis are shown in the table below: 

 
 
(A) Calculate the amount, in moles, of hydrochloric acid initially added to the 
undiluted ammonia sample. (1 mark) 
 
(B) Calculate the amount, in moles, of excess hydrochloric acid in a 20.00 mL aliquot 
of the diluted solution from Step 5. (2 marks) 
 
The manufacturer claims that the detergent contains 45.2 g L-1 ammonia as ammonium 
hydroxide, NH4OH. 
 
Use the students’ experimental results to calculate: 
 

(C) The amount, in moles, of HCl that reacted with the ammonia in the titration 
flask. 
 
(D) The amount, in moles, of ammonia initially pipetted into the 250 mL 
volumetric flask. 
 
(E) The concentration, in g L-1, of NH4OH in the cloudy ammonia sample. 

 



	

	

(4 marks) 
 
(F) Provide one explanation for any difference between the students’ results and the 
manufacturer’s claim. (1 mark) 
 
 

18. Two Chemistry students were set the task of using gravimetric analysis to determine the 
percentage by mass of iron in an iron ore sample. They were informed that the small rock 
of iron ore they had been given as a sample only contained iron in the form of iron(III) 
oxide. Below is part of their report. 
 

 
 

 
The students’ description of their experimental procedure and calculations contains some 
errors, which may include omissions.  
 



	

	

Briefly describe two errors in their experimental procedure and one error in their 
calculations. In each case, predict how the error would have affected their calculated 
value for the percentage of iron in the rock. Justify your answers. (Assume that the 
students recorded each step in their procedure and calculations.) (6 marks) 
	
 

19. A sample of pond water from a contaminated site was analysed to determine the 
concentration of lead ions using the following procedure: 
 
• A measuring cylinder was used to collect a 50 mL sample from the pond.  
• The sample was placed in a clean dry beaker.  
• 25.0 mL of 0.200 mol L-1 sodium chloride solution was added to the sample.  
• The precipitate of lead(II) chloride that formed was filtered, dried and weighed. It had a 
mass of 0.13 g. 
 
(A) How could the reliability of the analysis of the pond water be improved? 

 
A. Analyse more samples from the same pond 
B. Use 50 mL of distilled water as a control sample 
C. Analyse samples from different ponds on the site 
D. Remove other contaminants from the sample before the analysis 
 
(1 mark) 
 

(B) What was the concentration of lead ions in the sample? 
 
A. 5.0 × 10-3 mol L-1 
B. 5.8 × 10-3 mol L-1 
C. 9.3 × 10-3 mol L-1 
D. 10.7 × 10-3 mol L-1 
 
(1 mark) 
 

 
20. A sodium hydroxide solution was titrated against citric acid (C6H8O7) which is triprotic. 

 
(A) Draw the structural formula of citric acid (2−hydroxypropane−1,2,3−tricarboxylic 
acid). (1 mark) 
 
(B) How could a computer-based technology be used to identify the equivalence 
point of this titration? (2 marks) 
 
The sodium hydroxide solution was titrated against 25.0 mL samples of 0.100 mol L-1 citric 
acid. The average volume of sodium hydroxide used was 41.50 mL.  
 
(C) Calculate the concentration of the sodium hydroxide solution. (4 marks) 
 
 

21. The procedure of a first-hand investigation conducted in a school laboratory to determine 
the percentage of sulfate in a lawn fertiliser is shown: 



	

	

 
• 2.00 g of a sample of fertiliser was ground up and placed in a beaker.  
• It was dissolved in about 200 mL of 0.1 mol L-1 hydrochloric acid, stirred and filtered.  
• Excess barium chloride solution was quickly added to this beaker and a precipitate 
formed.  
• The precipitate was then allowed to settle, filtered using filter paper and the residue 
collected.  
• The residue was dried and weighed and had a mass of 2.23 g. 
 
(A) Suggest modifications that could be made to the procedure to improve the 
results of this investigation. Justify your suggestions. (4 marks) 
 
(B) Calculate the percentage of sulfate in the original fertiliser sample. (3 marks) 
 
 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


