
1 
 

 
 

 
 

June 2012 
 
 
 Some of the material in this booklet might be familiar to you, 

but other parts may be completely new.  The questions are 
designed to be more challenging than those on typical AS 
papers, but you should still be able to attempt them.  Use 
your scientific skills to work through the problems logically. 
If you do become stuck on one part of a question, other parts 
might still be accessible, so do not give up.  Good luck! 

 

 
 

• The time allowed is 90 mins. 

• Attempt all the questions. 

• Write your answers in the answer booklet provided, giving only the 

essential steps in any calculations. 

• Specify your answers to the appropriate number of significant 

figures and give the correct units. 

• Please do not write in the right-hand margin. 

• A periodic table and necessary constants are included on the back 

page of this booklet. 
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1.  This question is about homeopathic solutions 
 
The pseudo-science of homeopathy began over two 
hundred years ago, long before modern medicine.  The 
main idea is that, against all scientific principles, 
medicines become increasingly potent the more they 
are diluted.  Over the years, just about every well 
known poison has been used in certain homeopathic 
remedies, including arsenic, barium, mercury and even 
plutonium. 

   
 

The arsenic compound usually used is an oxide, As2O3.  In the remedies it is called by its 
Latin name Arsenicum album (white arsenic).  The oxide is prepared industrially by roasting 
arsenic-containing ores such as arsenopyrite, FeAsS, in air.  The other products formed are 
iron(III) oxide and sulfur dioxide. 
 
(a) (i) What is the oxidation state of the arsenic in As2O3? 
 
 (ii) Give an equation for the industrial production of As2O3 from FeAsS. 
 
As2O3 is moderately soluble in water; one dm3 of a saturated solution at 25 °C contains 
20.6 g.  When dissolved in water, the oxide reacts to form arsenous acid, H3AsO3. 
 
(b) (i) Given that spectroscopy shows all the hydrogen atoms in H3AsO3 to be in the same 

environment, suggest a structure for the acid.  What is the geometry around the 
arsenic atom? 

 
 (ii) Give an equation for the formation of arsenous acid from As2O3. 
 
 (iii) Calculate the concentration of the arsenous acid in mol dm–3 in the saturated 

solution. 
 
In homeopathy, a 'decimal-scale' is often used to specify the dilution of a given sample: D1 
(sometimes labelled 1X) means the sample has been diluted 1 part in 10.  D2 (or 2X) means 
the sample has been diluted 1 in 10, then 1 part of that solution has been further diluted 1 in 
10 again to give a 1 in 100 dilution.  A D6 (or 6X) solution has repeated this process six 
times to give a final dilution of 1 in 106. 
 Arsenicum album is often sold as a D30 preparation.  Let us assume that the initial stock 
solution before dilution was the saturated solution containing 20.6 g dm–3 of As2O3.  
 
(c) (i) Calculate the mass (in g) of As2O3 present in a 100 cm3 glass of the D30 Arsenicum 

album remedy. 
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 (ii) Given that 0.1 g of As2O3 is usually fatal, calculate the volume (in m3) of the D30 
solution that would be needed for a fatal dose of As2O3.  Also express your answer 
as a fraction of the volume of the Earth (approximately 1.08 × 1012 km3). 
 

 (iii) The preparations are usually sold in one ounce bottles (1 ounce = 28 cm3).  
Calculate how many bottles of the D30 solution need to be bought in order, on 
average, to include one atom of arsenic. 

 
Another 'remedy' is Muriaticum acidum which is actually diluted hydrochloric acid.  This is 
available in various dilutions up to the extremely 'potent' D2000 preparation. 
 
(d)  Assuming the original stock solution before dilution was 1.0 mol dm–3, what is the 

concentration of HCl in the following preparations? 
 
 (i) D2   (ii) D4   (iii) D6   (iv) D8   (v) D10 
 
The pH of a solution may be calculated using the following equation: 
 

pH = –log10 [H+] 
 

where [H+] is the total concentration of hydrogen ions in aqueous solution in mol dm–3. 
Rearranging this equation allows us to calculate the total concentration of hydrogen ions 
from the pH of the solution: 

[H+] = 10–pH 
 

(e) (i) What is the pH of pure water at room temperature?  Calculate [H+] for pure water.  
 
 (ii) Calculate the pH of the 1.0 mol dm–3 stock solution and the five dilutions from 

part (d).  Give your answers to one decimal place. 
 
Whilst homeopathy deals with extremely dilute solutions, at the other extreme, high 
concentrations are limited by solubilities and, ultimately, the densities of materials. 
 
(f)  Concentrated hydrochloric acid is sold as a 38% by mass solution with a density of 

1.2 g cm–3.  Calculate the concentration of this solution in mol dm–3 and hence its 
pH. 

 
(g)  Given that the density of pure water is 1.0 kg dm–3, calculate the concentration of 

pure water in mol dm–3. 
 
At high concentrations of acids, the above equations for pH are no longer valid.  Not 
realising this, one popular science book has erroneously quoted the strongest acid (a boron-
carbon cluster compound) as having a pH of –18.   
 
(h)  By considering the concentration of H+ ions only (ignoring water and counter-ions), 

calculate the mass of one teaspoonful of this "pH minus 18" acid as predicted using 
the above equations.  [Assume one teaspoonful is 5 cm3.] 
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2.  This question is about classifying simple organic reactions 
 
One of the reasons organic chemists use skeletal formulae is to draw attention to the 
functional groups a molecule contains.  These contain atoms other than carbon and 
hydrogen, so-called heteroatoms.  Many different functional groups are possible, but it is 
often useful to keep track of the number of bonds that a given carbon atom has to 
electronegative atoms, the 'level' of a particular functional group.  The electronegative 
elements include the halogens, oxygen, nitrogen and sulfur and will be represented by the 
symbol E; general alkyl groups are represented by an R.  Some examples are shown below, 
but there are many other possibilities. 

 
Keeping track of the functional group level can be a useful way of understanding a large 
number of organic reactions. 
 
 In every one of the reactions in this question,  

no carbon-carbon bonds are broken or formed. 
 

 
During oxidation reactions, the functional group level will be found to increase as new C–E 
bonds are formed at the expense of C–H bonds. 
 
During reduction reactions, the functional group level is found to decrease as new C–H 
bonds are formed at the expense of C–E bonds. 
 
During hydrolysis reactions, the functional group level of every carbon remains the same, 
but the addition of water (hydro) may be used to split (lyse) functional groups, and / or 
replace some bonds to electronegative atoms with new bonds to oxygen.  Different 
hydrolysis reactions may require different conditions with some only taking place at a 
significant rate with acid or alkali present. 
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(a)  Each of the following ten reactions takes place with a single reagent.  Classify each 
one as either an oxidation, a reduction, or a hydrolysis reaction.  Simply tick the 
appropriate box for each in the answer booklet. 
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A honey bee  

The fungus Gyromitra esculenta 
 
(b)  Each of the following natural products undergoes hydrolysis to give different 

products.  Suggest structures for the products using their molecular masses (shown 
in brackets) to guide you. 
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(c)  The scheme below contains a number of mystery organic compounds R–Z.  Draw 
the structures for the compounds R–Z. 

 
Use the following hints to help you.  
 

• All the compounds R–Z contain only carbon, hydrogen and oxygen. 

• Each carbon atom in all of the molecules R–Z is bonded to exactly one other 

carbon atom. 

• There are no C=C (double) or C≡C (triple) bonds in any of the compounds. 

• It is usually more thermodynamically stable for a carbon to have a double bond to an 

oxygen atom than to have two single bonds to hydroxyl (OH) groups. 
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