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SECTION A: MULTIPLE CHOICE 
USE THE ANSWER SHEET PROVIDED 

 
1.  If a chemist requires 16.0 mole of liquid ethanol (C2H5OH) for a chemical reaction, what volume 

 should be used?  The density of C2H5OH is 0.789 g mL–1. 
 
  a. 0.0320 L 
  b. 0.581 L 
  c. 0.690 L 
  d. 0.934 L 
  e. 1.88 L 

 
 

2. Which of the following pairs of atoms would form a polar covalent bond? 
 
 a.  Na and Br 
 b.  H and Br 
 c.  N and N 
 d.  Br and Br 
 e.  Ca and Br 
  
 
3. In which species does the underlined element have an oxidation number of +II? 
 
 a. SO2C2 
 b. [Fe(CN)6]4– 

 c. HNO2 
 d. [Ni(CO)4] 
 e. [Fe(CN)6]3–

 
 
 

4. In which species is the oxidation number for hydrogen different from those in the other four? 

 a. H2O 
 b. H3AsO4 

 c. H3PO4 
 d. NH3 
 e H2  

 
  
 

5. Which one of the following transformations from species A to species B is an oxidation? 
  

 Species A Species B 
a. VO3

– VO2
+ 

b. CrO2 CrO4
2– 

c. SO3 SO4
2– 

d. NO3
– NO2

– 
e. MnO4

– Mn2+ 
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6.  Which one of the following species is both a hydrogen-bond donor and a hydrogen-bond acceptor? 

 a.     CH3OCH3   

 b.     HI    

 c.     CH4   

 d.     CH3OH 

 e. CI4 

 
 

7.  Which one of the following bonding features is common to both graphite and diamond? 

 a. a carbon-carbon bond length equal to that in ethane 
 b. covalent bonds between carbon atoms 
 c. delocalised electrons 
 d. each carbon atom is bonded to four other carbon atoms 
 e. van der Waals forces 

 
 
8.  Which one of the following elements has the lowest second ionisation energy? 
 

  a. Na 
  b. Be 
  c. K 
  d. He 
  e. Mg 

 
 

9. What will happen to the pH of a buffer solution when a small amount of a strong base is added? 
 

a.  it will increase slightly  
b.  it will decrease slightly 
c. it will remain exactly the same 
d.  it will become 7.0 
e.  it will initially increase slightly and then become 7.0 

 
 
 
10. In the titration of a 0.1 mol L–1 monoprotic acid with 0.2 mol L–1 sodium hydroxide (NaOH), using 

methyl red as indicator, which one of the following statements correctly describes the system at the 
equivalence point? 

 
 a. the concentrations of each of the hydroxide ion and hydronium ion (H3O+) are equal  
 b. the number of moles of the hydroxide ion added and the number of moles of the hydronium ion 

initially present are equal  
 c. the volume of sodium hydroxide solution added and the volume of acid solution initially  
  present are equal  
 d. the number of moles of hydroxide ion added and the number of moles of monoprotic acid  
  initially present are equal  
 e. the indicator is present in two different forms 
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SECTION B: 3 SHORT ANSWER QUESTIONS 
ANSWER IN THE SPACES PROVIDED 

 

Question 16 
Tracey, an Australian Chemistry Olympiad tutor wishes to determine the ascorbic acid (C6H8O6) content of a 
Vitamin C tablet. Tracey comes across a method that involves a non-aqueous titration - that is, a titration that 
uses a liquid other than water as the solvent. The method describes the determination of ascorbic acid with 
copper(II) perchlorate (Cu(CO4)2) using acetonitrile (CH3CN) as the solvent. 
 
Having searched every nook and cranny of the labyrinthine store rooms of the Monash University 
laboratories Tracey concludes that there is no Cu(CO4)2 to be found. Not to be deterred, however, Tracey 
decides to synthesise her own sample of Cu(CO4)2. Tracey finds a bottle labelled copper(II) carbonate. She 
forms a suspension of 2.50 g of its content in water and subsequently adds an excess of aqueous perchloric 
acid solution (HCO4). The resulting mixture is heated gently until bubble formation ceases and 
subsequently cooled and filtered to afford crystalline copper(II) perchlorate. 
 
a) Assuming that the contents of the bottle is pure copper(II) carbonate, calculate the theoretical yield in 
grams of copper(II) perchlorate.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
b) Give the oxidation state of each of the following:  
 i) oxygen in perchloric acid (HCO4) 
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f) Write the overall redox equation for the reaction occurring in the titration. [You may use Asc and DAsc as 
shorthand for ascorbic acid and dehydroascorbic acid, respectively.] 

 
 
 
 
 
 
 
 
 

Tracey makes up a copper(II) perchlorate solution by dissolving 3.131 g of the synthesised copper(II) 
perchlorate in acetonitrile in a 500.0 mL volumetric flask. Tracey also dissolves one Vitamin C tablet in 
acetonitrile in a 250.0 mL volumetric flask. 20.00 mL aliquots of this ascorbic acid solution are titrated with 
the copper(II) perchlorate solution until equivalence. The average titre value is 25.95 mL.  
 
g) Calculate the mass of ascorbic acid in the Vitamin C tablet using the results of the non-aqueous titration. 
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The average volume of sodium thiosulfate solution required to reach endpoint was 12.77 mL. 
 
i) Calculate the mass of ascorbic acid in the Vitamin C tablet using the results of the iodometric titration. 

 
 
 
 
 
 
 

 

 
 
 
 
 
 

 

 

 

 

 

 

 

 
Perplexed by her differing results Tracey does some research using the internet and finds out that the 
copper(II) perchlorate commonly exists as a hydrate. That is, the formula of Tracey’s product is 
Cu(CO4)2.xH2O, where x is an integer.  
 
j) Determine the value of x. 
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Question 17 
An astute young chemist was suddenly struck with a strange compulsion to find out the density of caesium 
metal. Knowing that caesium reacts with water, she knew her experiments would have to be water-free. 
 
She found a 500 mL beaker that weighed 234.10 g. She filled it to the brim with kerosene, which consists 
mainly of the hydrocarbon dodecane (C12H26). Kerosene has a density of 0.7493 g cm-3. The beaker with 
kerosene was found to weigh 633.70 g. 
 
Now, she knew that beakers were not meant to be used for quantitative measurements of volumes. She 
realised, however, that she could calculate the volume of the beaker using the data she had just acquired.  
 
a) What was the volume of the beaker? 

 
 
 
 

 
Said chemist then carefully placed a sample of solid caesium in the beaker and some of the kerosene 
overflowed out of the beaker. She then weighed the beaker and it turned out to weigh 717.49 g. When she 
removed the caesium and reweighed the beaker with less kerosene in it, she found that it weighed 575.57 g. 
 
b) What did the sample of solid caesium weigh? 

 
 
 
 
 

 
c) What volume of kerosene was lost? 

 
 
 
 
 
 

 
d) What is the density of caesium? 
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Now, our adventurous young chemist realised she had enough information to work out the radius of a 
caesium atom. She found a new block of caesium, and carefully measured its density to be 1.87 g cm-3. 
[If you are unable to get an answer for part m), use 70.00% in your subsequent calculations.] 
 
 
n) How many atoms of caesium are in 1.00 cm3 of caesium? 

 
o) Knowing that caesium atoms pack in BCC cells, how many unit cells does 1.00 cm3 of caesium contain? 
 

p) i) What is the volume of each unit cell?  
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 ii) Hence, find the radius of each caesium atom. 
 

 
Emboldened by her success at finding the radius of the caesium atom, our young chemist decided to try and 
find the radius of the Cs+ cation. She then started thinking about the salt caesium chloride, a common 
non-toxic chemical with a density of 3.99 g cm-3. She found that the crystal structure was exactly the same as 
BCC, except that the central atom was a caesium cation, and the corner atoms were chloride anions.  
 
q) How many chloride anions are there in each unit cell? 
 
 

 
 
 
   

Our chemist, however, immediately ran into a problem. She didn’t know the radius of the chloride anion, so 
she could never solve for the radius of the caesium cation.  
 
Our enthusiastic young chemist then did some research and realised that a rather famous chemist, Linus 
Pauling, proposed that the ratio of the radii of two ions would be determined by the INVERSE ratio of their 
effective nuclear charge (Zeff). For example, Pauling said that for the salt NaF: 

radius(Na+ )
radius(F– )

= Zeff (F
– )

Zeff (Na+ )
 

 

 

 



Page 19 of 28 
2013 Australian Science Olympiad Exam - Chemistry 
©Australian Science Innovations ABN 81731558309 

r) If the effective nuclear charges of Cs+ and C– are 9.25 and 5.75 respectively, what would be the radius of 
both ions calculated by our aspiring young chemist? 
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iv) The solution giving rise to the absorption spectrum in Figure 2 was prepared by dissolving 0.1446 g of 
Co(NO3)2•6H2O in water and making up to the mark of a 10.00 mL volumetric flask. What is the 
concentration of the hexaaquacobalt(II) cations, [Co(H2O)6]2+, in the solution in mol L–1?  

 
v) What is the molar absorptivity (ε) of the hexaaquacobalt(II) ion in the solution described in iv) above, 
given that the path length is 1.00 cm (which you may assume for the rest of question 18) and that the effect 
of the nitrate ion on absorbance is negligible? 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 



Page 23 of 28 
2013 Australian Science Olympiad Exam - Chemistry 
©Australian Science Innovations ABN 81731558309 

Nichrome is an alloy of nickel and chromium which is used in resistors. When a current is passed through a 
nichrome wire while it is bathed in acid, the nichrome wire dissolves into solution forming hexaaqua metal 
ions. Before the concentration of each of the hexaaquanickel(II) ions and the hexaaquachromium(III) ions 
can be determined, they must be calibrated against a standard solution.  
 
A standard solution of a solution containing hexaaquanickel(II) ions was prepared. A second standard 
solution containing hexaaquachromium(III) ions was also prepared.  The absorbance of each of these 
solutions was measured at 576 nm and 718 nm and the results are summarised in the table below: 
 

Species Concentration (mol L–1) Absorbance at 576 nm Absorbance at 718 nm 

[Ni(H2O)6]2+ 0.04814 0.000 0.750 

[Cr(H2O)6]3+ 0.03703 0.480 0.000 

 
 
The solution of the Nichrome wire, which contains both the [Ni(H2O)6]2+ and [Cr(H2O)6]2+ ions, gave an 
absorbance of 0.100 at 576 nm and 0.400 and 718 nm. 
 
e) i) Determine the concentration of hexaaquachromium(III) and hexaaquanickel(II) ions in the nichrome 
solution.  
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ii) What is the percentage composition by mass of nichrome in terms of nickel and chromium assuming that 
these are the only two elements present?  

Chromium-vanadium is a popular alloy steel for springs that are required to withstand a large number of 
operating cycles. 
 
Two standard solutions were prepared.  One contained a solution of hexaaquavanadium(III) ions and the 
other contained a solution of hexaaquachromium(III) ions.  The absorbance of each solution was measured at 
450 nm and 625 nm and the results are summarised in the table below.  
 

Species Concentration (mol L–1) Absorbance at 450 nm Absorbance at 625 nm 

[V(H2O)6]3+ 0.04228 0.270 0.200 

[Cr(H2O)6]2+ 0.03617 0.630 0.440 

 
A solution of a chromium-vanadium alloy, which contains a both the [V(H2O)6]3+ and [Cr(H2O)6]2+ ions,  
gave an absorbance of 0.500 at 450 nm and 0.350 at 625 nm.  
 
f) Calculate the concentration (in mol L–1) of both the [V(H2O)6]3+ and [Cr(H2O)6]2+ ions in the mixture. 

 

 
 
 
 
 
 
 
 
 
 

Additional working space is provided on the next page. 
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