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Introduction
This is the first opportunity for candidates to sit the Pearson Edexcel International AdvancedSubsidiary Level in Chemistry Paper WCH12_01. The style of the paper is similar to that for thelegacy paper WCH01_01 with Section A containing 20 multiple-choice questions and Section Bcontaining 60 marks of structured questions.
There are some minor changes to the content assessed on this paper compared to the legacyspecification. The energetics topic has been split up and moved from Unit 1 to Units 2 and 4 andshapes of molecules and ions has been moved from Unit 2 into Unit 1.
Core practicals have been highlighted in the specification and there is a requirement to ensure 20%of the marks available assess mathematical skills at Level 2 (GCSE equivalent). For the first time onthe IAL specification, paper 2 contains a 6 mark extended writing question.
Some candidates were very well-prepared for this examination and scored high marks. Theexcellent mathematical skills of the cohort were evident, especially when questions were set in afamiliar context, e.g. determining the number of moles of water in a hydrated salt. However, thefirst opportunity to demonstrate the ability to structure an extended response proved challengingfor many, as did the application of key ideas to a practical context. In a similar vein, answersexplaining solubility, both in a molecular and ionic context, lacked clarity and depth and tended tobe generic in nature. Candidates would benefit from attempting to express their ideas in terms ofthe strength of specific solvent-solvent/solute-solute interactions compared with solvent-soluteinteractions.
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Question 19 (a) 
Compiling an ionic equation from redox half-equations proved to be challenging.The oxidation ofiodide ions to molecular iodine was the most commonly seen mark, but only the most ablecandidates seemed able to work out what happened to the hydrogen peroxide in the process.
Examiners commonly saw the inclusion of oxide ions, as well as hydroxide ions, however theguidance in the question stated that the hydrogen peroxide was acidified.
Despite this, a significant minority managed to construct the overall equation in Q19(a)(ii),regardless of their response in Q19(a)(i).

In Q19(a)(i), this candidate has produced a correctequation for the reduction of hydrogen peroxide, but theiodine is also being reduced, so only scores 1 mark.However in Q19(a)(ii), they have correctly written theoverall equation.
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When writing two half-equations, check that the electronsdo not appear on the same side in both cases. If they do,double check your answer as you cannot have both half-equations showing reduction (or oxidation).
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Question 19 (b) (i)
There was evidence that candidates had seen, or carried out, this experiment as most answerscontained at least one correct colour, normally the purple of the iodine in cyclohexane.
The appreciation that some iodine would remain in the aqueous layer was not always evidentthough, with many stating the aqueous layer would be colourless.Conversely, a smaller numberthought a significant amount of iodine would remain in the water, so suggested brown or dark-brown.

This example illustrates the common misconception thatno iodine would be found in the aqueous layer, hence thesuggestion that it would be colourless.

Read the stem of each question with great care. Here thequestion refers to the idea that most (but not all) of theiodine dissolves in the cyclohexane layer. Hence somemust remain in the aqueous layer, resulting in a yellowsolution.
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Question 19 (b) (ii)
Lots of candidates found it difficult to justify why iodine is more soluble in cyclohexane than waterand many answers did not evolve far beyond the idea of 'like dissolves like'. Commonmisconceptions seen by examiners included:

The formation of hydrogen bonds between iodine and cyclohexane.
Discussions in terms of the iodine ‘reacting’ with water or cyclohexane.
Answers framed solely in terms of differences of electronegativity.

The most common way to gain credit was for a rescue mark that allowed a simple comparison ofthe polar or non-polar nature of the three substances.
The best answers made it clear that they recognised the type of intermolecular forces present ineach solute and solvent before dissolving, and its relative strength compared to the resultantintermolecular force between the solute and solvent.

This candidate has recognised the type of intermolecularforce formed between iodine and cyclohexane and hasmade a comparative statement about the strength of thehydrogen bonds in water, so scored both marks.
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Make sure you compare the type and strength of solute-solute, solvent-solvent and solute-solvent intermolecularforces in specific terms in this type of question.
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Question 19 (c) 
Most candidates could recall a suitable drying agent and so scored the mark here.
Some candidates, however, persist with the idea that any anhydrous salt is suitable.
Another common response saw candidates proposing more than one answer. In a question such asthis, an incorrect answer contradicting a correct one will result in a mark of zero.

A minority of candidates suggested copper sulfate as adrying agent which was not an acceptable answer.Whilstthe anhydrous salt would absorb some water, its capacityfor absorption is low and it is primarily used to simplyindicate the presence of water rather than absorb largeamounts of it.

Learn one of the common drying agents used in the corepracticals, e.g. such as anhydrous sodium sulfate used todry the halogenoalkane formed in core practical six (thechlorination of 2-methylpropan-2-ol with concentratedhydrochloric acid). This will be suitable for drying a hugerange of organic liquids.
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Question 20 (a) (i)
This question illustrates the difference between learning an answer and repeating it andunderstanding a concept and applying it.
Here, candidates had to apply their knowledge of Group 2 chemistry in an unfamiliar context andthey often found this challenging. A number thought the use of the Bunsen would lead to thenitrate burning, whilst others thought the nitrate may ‘spit’ and lead to a variety of hazards orinaccuracies. A large number were concerned that removing the water too quickly would beproblematic.
The best answers realised that the decomposition of the nitrate would lead to a lower massremaining after heating.

This example shows a common misconception that theionic salt would evaporate along with the water, so did notreceive any credit.

Practise as many exam-style questions as possible toimprove your ability to apply the ideas you know to arange of scenarios.
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Question 20 (a) (ii)
This question showed the candidates at their best.The lack of scaffolding in the question did nothinder progress and many candidates were able to score four marks, primarily by determining themass and moles of water removed and comparing it to the moles of anhydrous magnesium nitrate.
A small number lost a mark as they did not give an integer value for x, but it was rare to see lessthan 2 marks awarded for this question.
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This answer shows the value of perseverance in a chemicalcalculation. The first two marks are evident for the massand moles of water removed. The candidate then finds itdifficult to deduce the moles of the anhydrous salt,eventually arriving at the incorrect value of 0.0107 mol, sodoes not score the third mark. However, they thencorrectly compare this to the moles of water to deduce avalue for x of 11, which, though incorrect, is a consistenttransferred error so scored the fourth mark. This gives atotal of 3 marks.

Even if you think you might have made a mistake in anunstructured calculation, keep going. There is always thechance you may score marks for transferred errors if yourworking is clear, or an odd final answer may help yourealise you’ve made an error and you can then check youranswer.
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Question 20 (b) (i)
Many candidates tried to frame their response in terms of intermolecular forces, so did notconsider the formation of ions and their subsequent hydration.Of those who did realisemagnesium carbonate was ionic, a large number believed the ions would form hydrogen bonds tothe water, so struggled to access the second mark.The best answers simply thought about whathappens when ionic compounds do dissolve and reversed this argument to explain why some ioniccompounds don’t dissolve.

In this example, this candidate has realised what needs tohappen for the carbonate to dissolve and used this toexplain the lack of solubility.They have scored both marksas they have realised that a large amount of energy isneeded to break the forces of attraction between the ions(ionic bonds) and this is not compensated for by themagnitude of the energy that would be realised if the ionswere hydrated.

Practise using an idea or argument in reverse. Forexample, make sure you can explain what happens whenionic compounds dissolve in water, but then reverse theargument to justify why others don’t.
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Question 20 (b) (ii)
This calculation was a straightforward application of a Hess Cycle, and many candidates were ableto score both marks. Common issues revolved around applying the cycle the wrong way around orconfusion over the use of negative values in calculations.
Again, the need to take care was evident as examiners saw a number of values transposedincorrectly from the paper into the working of candidates.

This example shows the most common error in thisquestion leading to the negative rather than positive value.Such answers scored one mark, but this error could havebeen avoided if the context of the reaction was consideredby the candidate. The reaction was a thermaldecomposition, so must be endothermic and result in apositive enthalpy change.
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When carrying out any chemical calculation, always checkto see if the sign and magnitude of the numerical answermakes sense in the context of the question.
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Question 20 (b) (iii)
Examiners were pleased with the quality of written explanations in this question, with a satisfyingnumber of concise, yet accurate explanations.
The number of candidates confusing atoms, ions or molecules seemed fewer than in previousseries and the vast majority of answers focused on the polarisation of the carbonate ion, withoutclouding the issue by discussing the level of covalent character, which is not relevant in this case.However, only the better candidates were able to link the polarisation of the anion to its effect onthe carbon – oxygen bond.

This succinct answer covers the first three marking pointswith clarity. To improve, it would need to discuss how thedecreased polarising power of the cation impacts on thebond strength within the carbonate ion.

16     IAL Chemistry WCH12 01



Practise explaining the opposite trend in similar contexts.For instance, make sure you can explain the trend inthermal stability of Group 2 nitrates as you go up thegroup.
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Question 21 (a) 
Whilst many candidates could name the reaction type in Q21(a)(ii), the correct use of water as thesolvent in Q21(a)(ii) was less evident, with ethanol offered as an alternative.This probably arisesfrom the use of a small amount of ethanol used to dissolve the halogenoalkane, but water mustalso be present to ensure the substitution reaction is favoured over elimination.
Candidates at the higher levels often produced excellent mechanisms, though weaker scriptsrevealed a number of common errors. These included:

Arrows arising from incorrect positions e.g. from the carbon atom, rather than the C-Cl bond orfrom the negative charge on the hydroxide ion, rather than the lone pair.
Absence of dipoles on polar bonds.
Absence of lone pairs or a negative charge on the hydroxide ion.
Use of K-OH in the mechanism, often with a curly arrow to denote the breaking of the K-O bond.This incorrectly implies the bond is covalent.
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The solvent and reaction type in this example are correctand, at first glance, the mechanism looks fine as well.However, if you look closely at the arrow to the chlorineatom, it is clearly a half-arrow, used to denote themovement of a single electron. Hence the mechanismscores 2 marks, not 3. This occurred reasonably frequently,perhaps because candidates see the Cl atom and think ofthe homolytic fission of a chlorine molecule in free radicalsubstitution reactions.

Remember the only time half-arrows are used at AS Levelis in the halogenation of alkanes via a free radicalsubstitution mechanism.
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Question 21 (b) 
This calculation discriminated effectively with the marks spread across the range.Those that scored4 marks tended to follow the route shown in the mark scheme, though each of the steps could bedone in any order.
The most common errors were the failure to take into account the 64% yield or to process the datasimply in terms of masses and then volumes, rather than using amounts in moles.

20     IAL Chemistry WCH12 01



This answer shows another common mistake. Thecandidate has considered the yield but has scaled by64/100 instead of 100/64. The rest of the steps are carriedout correctly, so scored 3 marks.

Remember, when calculating the amounts needed for areaction, a yield of less than 100% will always need you touse more reactant to compensate for the loss of product.
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Question 22 (a) 
Nearly all answers suggested PCl5 or Na successfully as test reagents and it was extremely rare tosee this accompanied by an incorrect test result.
A few students suggested acidified dichromate(VI) would give an orange to green colourchange.This was not valid here though, as the alcohol was tertiary and aldehydes could also give apositive result.
A small number tried to hedge their bets, by giving two tests. Candidates should be aware that twoanswers, one correct and another that contradicts the first answer, will not receive full credit.

This type of response was probably the most commonlyseen incorrect answer. The use of acidified dichromate(VI)as a test reagent may be appropriate in the context todifferentiating between two specific compounds, but as ageneric test for the -OH functional group, it will not bevalid.

Learn the tests for each organic functional group asdescribed in the specification.
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Question 22 (b) 
Q22(b)(i) tended to discriminate effectively in the A grade region. Below the higher grades, answersoften show straight chain alkenes.Those who drew a cyclic structure often placed a double bondwithin the ring. Even better candidates sometimes missed one of the geometric isomers, drawing afourth option that was the same as one of their other attempts.
In Q22(b)(i), many identified a peak due to the O-H bond in the original alcohol Y, linked to a correctwavenumber. In order to score full credit though, the answer needed to be specific about how thespectrum would differ and a significant minority simply stated the products would not have thispeak. A few candidates tried to link a peak at 3095 cm  –1 to the C=C bond, perhaps not reading thedata booklet with enough care.
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In Q22(b)(i), this candidate has shown all four isomerscorrectly, scoring 4 marks.
In Q22(b)(ii), although they have recognised the keydifference in terms of bonds that cause peaks in eachspectra, they have not linked these peaks to a correctwavenumber, so only score 1 mark.

Read the stem carefully to check any specific informationrequired in your answer.
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Question 22 (c) 
Whilst many fully correct answers were seen, the fine detail of the structure meant somecandidates only scored 1 mark. The most frequent slips were:

Positioning the double bond between carbon-5 and carbon-6.
Omitting the double bond.
Using skeletal structures with only 7 carbon atoms.

The most common error on this example is shown here,with the double bond between the fifth and sixth carbonatom. It was awarded 1 mark.

Practise drawing and naming as wide a range of organiccompounds as possible when revising.
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Question 23 (a) 
Nearly all candidates could use the information in the question to show propan-1-ol and propanoicacid.However, the water also formed was often omitted or hydrogen shown as a product instead,so many did not score the mark.
It was reassuring, however, to see that candidates were familiar with the guidance from thespecification about the use of [O] in such reactions and only a tiny minority tried to include anoxidising agent in their equation.

This answer illustrates the most common misconceptionseen by examiners.In an attempt to balance the equation,hydrogen is shown as a product, which is incorrect.

Remember that water is the second product formed in theoxidation of primary alcohols to carboxylic acids.
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Question 23 (b) 
The best answers focused with care on the specific requirements of the question and structuredtheir response so each point was made independently and with clarity.
Other responses included a lot of correct content but adopted a scattergun approach and includedextra detail not required by the question. Whilst correct, but not relevant information, can beignored by examiners, additional incorrect chemistry can lead to less credit.
It was common to see candidates successfully link concentration and temperature to rate and theidea that more particles have energy greater than the activation energy. However, answers basedon ‘more collisions’ as a justification for the effect of concentration still persist, when a sense of therate is required. Statements such as ‘more frequent collisions’ or ‘more collisions per second’ makethis mark secure.
The most common extraneous detail surrounded the use of the condenser. It was often linkedcorrectly to the idea that it would ensure all the alcohol was oxidised. However, candidates oftenthen spent time drawing condensers and describing how to use them, which was not required inthe question.
The most frequent point absent from answers was the use of excess/concentrated oxidising agentto ensure all the alcohol was oxidised.
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This response shows a clear attempt to cover the pointsrequired by the question. Notice how, in the stem, thecandidate has underlined what they intend to cover in theanswer, and hence provide a structure to their work. Theonly indicative point absent from the answer is the linkbetween excess/concentrated oxidising agent andcomplete oxidation, so 5 marks were awarded.

In a 6 mark extended writing question, go through thestem carefully and highlight or underline the key points.Use your underlining to try to split the stem into 2 or 3smaller questions and frame your answer accordingly. Asmall amount of time planning your answer may save youtime ultimately. This may prevent you from wasting timewriting about ideas that are not relevant to the question.
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Question 23 (c) 
A large number of responses gave an answer based on recall rather than application in thisquestion. As a result, many candidates discussed the facts that universal indicator gives a largerange of colours or changes colour gradually, rather than giving a sharp end point. These may beacceptable ideas in the context of a titration, but not in this case as a test reagent.
The correct answers, in the main, spotted that the oxidising agent was acidified, so would alsocause the indicator to change colour. A surprising number thought the indicator would not changecolour as propanoic acid was weak.

This candidate scores the mark, using the stem to considerwhat else is in the reaction mixture that may interfere withthe test for propanoic acid.

Read the stem carefully to look for guidance to help youanswer a question.

IAL Chemistry WCH12 01     29



Question 23 (d) (i)

Here, the candidate has the correct colours but the wrongway round, so scores only 1 mark.

Don’t assume that titrations always add acid to alkali orvice versa. Read the question to check the detail of theexperiment to help.
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Question 23 (d) (ii)

This example shows the candidate had thought about thetitre and the suggestion that only distilled water was usedto rinse the burette was worth credit.

When carrying out core practicals that involve titrations, gothrough all the common errors and think about theirimpact on the final outcome. These could include:
Inappropriate substances used to rinse pipettes /burettes.
Failure to remove air bubble in burette jet.
Leaving a funnel in the top of the burette during thetitration.
Not swirling flask during titration.
Not rinsing any splashes from sides of the conical flaskduring titration.
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Question 23 (d) (iii)
The unstructured format of this calculation provided an increased level of demand fromcandidates, though many rose to the challenge.
The most common errors were the failure to scale by a factor of 10, to take into account the volumeof the sample titrated compared to the volume of water used to dissolve all of the animal feed inthe volumetric flask, and frustratingly, the number of significant figures in the final answer.
Sometimes working was hard to follow and time spent labelling steps may be beneficial whencandidates practise similar examples.

This example illustrates many positive features. Theworking is easy to follow and clearly laid out. Thecandidate has stored intermediate values in theircalculator, so no errors due to inappropriate earlyrounding are evident.
Unfortunately, the final answer is rounded incorrectly, as itshould be 0.11g to 2 significant figures, so 4 marks weregiven.
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Take care when rounding final answers to an appropriatenumber of significant figures.
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Question 23 (d) (iv)
The final calculation proved difficult for many candidates, even some of those who had beensuccessful in Q23(d)(iii). The ability to convert the mass into mg was the most commonly awardedmark, with fewer candidates able to scale to mg per kg.
Failing to score full credit in Q23(d)(iii) did not inhibit some though, who went on to score bothmarks as transferred errors. This was the only question on the paper where examiners commentedon a higher than expected number of blank responses. This didn’t appear to be a lack of timethough, as virtually all candidates went on to attempt the final question.

Carrying through an answer of 0.1095g from Q23(d)(iii),this candidate correctly scales their answer to mg per kg ofanimal feed, and comments on the value compared to thepermitted range, so scores both marks.
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Practise converting to and from a range of units, asrequired by the mathematical skills outlined in thespecification.
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Question 23 (d) (v)
Most candidates were able to suggest an acceptable effect on the animal feed if the propanoic acidwas outside the permitted range, nearly always based increased levels of acidity.
Some candidates wrote at length, perhaps hoping to hit on a creditworthy idea, but ended upcontradicting themselves. For instance, suggesting that too much propanoic acid would increasethe pH of the feed.

The idea that the excess/too little propanoic acid mayharm the animals was not enough on its own, so thisexample did not score. To improve, this answer wouldneed to go on and give an example of how the propanoicacid being outside permitted range could harm theanimals or affect the feed.

The term ‘harmful’ will rarely be worth credit on its own.Try to think about how or why a particular situation mightbe harmful.
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Paper Summary
Based on their performance on this paper, candidates are offered the following advice:

read the question carefully and make sure that you are answering the question that has beenasked;
plan your answer to extended writing questions by breaking the question down into 2 or 3smaller questions;
show all your working for calculations and make sure you round your final answer to anappropriate number of significant figures;
think about your final value in chemical calculations to check it makes sense in the context of thequestion;
learn about the factors that influence the solubility of simple molecules and ionic compounds;
in organic chemistry practise applying your skills and recall of reactions to a range of different,more complex molecules;
learn about equations for oxidation reactions of alcohols and aldehydes.
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