HL Paper 2

Chemical kinetics involves an understanding of how the molecular world changes with time.
A catalyst provides an alternative pathway for a reaction, lowering the activation energy, E,.
Sketch graphical representations of the following reactions, for X — products.

For the reaction below, consider the following experimental data.

2C10;(aq) + 20H™ (aq) — ClO; (aq) + ClO, (aq) + HyO(1)

1 1.00x107" 1.00x10™ 230x107
2 5.00x107" 1.00x10™ 5.75x107
3 5.00%x107? 3.00x107 1.73x107

Another reaction involving OH ™ (aq) is the base hydrolysis reaction of an ester.

CH3COOCH>CH(aq) + OH™ (aq) — CH3COO™ (aq) + CH3CH20H(aq)

A two-step mechanism has been proposed for the following reaction.

Step 1:
Step 2:

C10" (aq) + CI0~ (aq) — CIO; (aq) + C1” (aq)
Cl0, (aq) + C10™ (aq) — ClO; (aq) + Cl1™ (aq)

Define the term rate of reaction. [4]

(i)  Temperature and the addition of a catalyst are two factors that can affect the rate of a reaction. State two other factors.

(iiiy  In the reaction represented below, state one method that can be used to measure the rate of the reaction.
ClO; (aq) + 5C1™ (aq) + 6H" (aq) — 3Cly(aq) + 3H,O(1)
Define the term activation energy, Es,. [4]

(i)  Sketch the two Maxwell-Boltzmann energy distribution curves for a fixed amount of gas at two different temperatures, T} and
T (T> > T1). Label both axes.



C. () Concentration of reactant X against time for a zero-order reaction.

[X]

N

(i)  Rate of reaction against concentration of reactant X for a zero-order reaction.

Rate

[X]

(i)  Rate of reaction against concentration of reactant X for a first-order reaction.

Rate

[X]
d. () Deduce the rate expression.

(i) Determine the rate constant, k, and state its units, using the data from Experiment 2.

(i) ~ Calculate the rate, in mol dm~3s !, when [ClO2(aq)] = 1.50 x 10”2 mol dm ™~ and [OH (aq)] = 2.35 x 10~ * mol dm 2.

e.i. Apply IUPAC rules to name the ester, CH;COOCH,CHj3(aq).

e.ii.Describe qualitatively the relationship between the rate constant, k, and temperature, T.

e.iiiThe rate of this reaction was measured at different temperatures and the following data were recorded.

(3]

(5]

(1]

(1]

(4]
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Using data from the graph, determine the activation energy, F,, correct to three significant figures and state its units.

f.i. Deduce the overall equation for the reaction. 1]
f.ii. Deduce the rate expression for each step. [2]
Step 1:
Step 2:

Markscheme

a.

() change in concentration of reactant/product with time / rate of change of concentration;

Increase can be used instead of change for product or decrease can be used instead of change for reactant.
Allow mass/amount/volume instead of concentration.

Do not accept substance.

(i)  concentration;

particle size / surface area;

light;

pressure;

Allow pH.

(i)  (measuring electrical) conductivity / (measuring) pH;

Accept other suitable method.

. ()  minimum/least/smallest energy needed (by reactants/colliding particles) to react/start/initiate a reaction;

Allow energy difference between reactants and transition state.
Minimum/least/smallest required for the mark.

(i) x-axis label: (kinetic) energy/(K)E and y-axis label: probability/fraction of molecules/particles / probability density;



Allow number of molecules/particles for y-axis.
correct shape of a typical Maxwell-Boltzmann energy distribution curve;
Do not award mark if curve is symmetric, does not start at zero or if it crosses x-axis.

two curves represented with second curve for Tb > T to right of first curve, peak maximum lower than first curve and after the curves cross going
to the right, T» curve needs to be above T} curve as illustrated;

M2 and M3 can be scored independently.
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. () second order in C105 and first order in OH™;

rate = k[C10,)*[OH];
Award [2] for correct final answer.

(i) k=2.30 x 10%/230;

6571.

mol 2dm

(i) 1.22 x 1072/0.00122 (mol dm 3s~1);



e.i.ethyl ethanoate;
Do not allow ethyl acetate.
e.iias temperature/T increases, (value of) rate constant/k increases (exponentially);

Do not allow answers involving In k from the Arrhenius equation.

Do not allow T directly proportional to k.
e.iiislope = —5.6 x 10°/ — 5600 (K);
E, = —slope x R/slope = —E,/R;
E.(=5.60 x 10° K x 8.31 JK 'mol ") = 4.65 x 10* (Jmol ')/46.5 (kJ mol ');
Accept answers in range 4.60 x 10* Jmol~! to 4.67 x 10* (J mol ~1).
J molfl/kJ mol~;
Accept J or kJ.

Unit mark can be scored independently but correct E,, values with incorrect units scores only [3 max] (for example 46.5 J mol _1).

Award [4] for correct final answer.

f.i. 3C10™ (aq) — ClO; (aq) + 2C1" (aq);
Ignore state symbols.

f.ii. Step 1: rate = k[C10™]%;

Step 2: rate = k[ClO,, |[C107];

Penalize missing k once only.

Examiners report

a. This was the most popular question in Section B of the paper. Part (a) was very well answered.

b. In (b) (i), some candidates failed to mention minimum/least/smallest energy in the definition of activation energy. In part (ii), again candidates often
dropped easy marks here for poor representations of the Maxwell-Boltzmann energy distribution curves. In some cases the curves were drawn
symmetrically, which was incorrect. In addition, incorrect labels were often given for the x- and y-axes. Some candidates mixed these curves up
with enthalpy level diagrams. It was nice to see more candidates giving a more precise label for the y-axis as probability/fraction of molecules

rather than just number of molecules. The latter was allowed but is less precise (although does tend to be used in many IB textbooks).
c. Part (c) however was very well answered.
d. In part (d), many candidates also scored highly though the units of k in (ii) did cause a problem for some candidates.
e.i.In (e) (i), the most common mistake was candidates stating ethyl methanoate instead of ethyl ethanoate.

e.iiln part (i), a number of candidates stated incorrectly that T is directly proportional to k, which is incorrect. Proportionality is a concept embedded in

AS 11.3.1 in Topic 11, and may be worth some further discussion in the light of the Arrhenius Equation.

e.iiThe most difficult part of Q6 however involved (e) (iii). Very few candidates scored full marks here and simply did not know how to manipulate the

equation to get the activation energy. Others even gave incorrect units.



f.i. One respondent stated that part (f) (ii) would be difficult for candidates. (f) certainly did prove challenging and the rate expression for step two was

often given incorrectly. This question became a good discriminating question in Section B. However the better students did manage to score all

three marks in part (f).

f.ii. One respondent stated that part (f) (i) would be difficult for candidates. (f) certainly did prove challenging and the rate expression for step two was

often given incorrectly. This question became a good discriminating question in Section B. However the better students did manage to score all

three marks in part (f).

Consider the following list of organic compounds.

Compound 1: CH3CH,CH(OH)CHj3
Compound 2: CH3CH,COCHj3
Compound 3: CH3CH,CH,OH
Compound 4: CHsCH,CH,CHO

a. Apply IUPAC rules to state the names of the four compounds.

b.

C.

Compound

Name

CH,CHLCH(OH)CH; |« e

CH,CH,COCH,

CH,CH,CH,0H

CH,CH,CH,CHO

() Define the term structural isomers.

(i)  Identify the two compounds in the list that are structural isomers of each other.

(4]

(2]

() Determine the organic product formed when each of the compounds is heated under reflux with excess acidified potassium dichromate(VI). [5]

If no reaction occurs write NO REACTION in the table.



Compound Organic product

CH.CH,CHOH)CH, | oot

CH.CH,COCH, | oot

CH,CH,CH,OH | . .. ... ...

CH.CH,CH,CHO | oo

(i)  Describe the colour change during the reactions that occur in part (j).

f. () Pentanoic acid reacts with ethanol. State the structural formula of the organic product and the name of the functional group it contains. [3]

(i) State the type of reaction in part (i).

g. Describe what is meant by a weak Bronsted-Lowry base, including an equation for the reaction of ammonia with water. [3]

Markscheme

a. Compound Name
CH:CH;CH(OH)CH3; butan-2-ol/2-butanol;
butanone;
CH;CH,COCH; Accept butan-2-one and 2-butanone.
CH>;CH,CH,0H propan-1-ol/l-propanol;
CH:CH,CH.CHO butanal;

b. () same molecular formula but differ in arrangement of their atoms;

Allow “different structures/structural formulas” instead of “different arrangement of atoms”.

(i)  (compounds) 2 and 4 / butanone and butanal;

butanone/CH3;CH>COCH;;

@i no reaction;
propanoic acid/CH3CH>COOH;
butanoic acid/CH3CH2CH>COOH;

(i) orange to green;
f. () CH3CH;CH;CH,COOCH;CHs;

ester;



(i) condensation / addition-elimination;

Accept esterification.
g. abase is a proton acceptor;

weak means it is only partially ionized/dissociated (in solution/water);
NH; + H,O = NH; + OH ;

Reversible arrow is required for M3.

Examiners report

a. The naming of the organic compounds was generally well answered, though quite frequently candidates benefited from the decision not to

penalise the unnecessary “2” in “butan-2-one”. Propanol was a frequent incorrect answer.

b. () Generally well answered but there were some answers that reflected a poor understanding of structural isomerism.

(i)  Well answered.

c. () Generally well answered. But some candidates gave propanal as the product for propan-1-ol, and other candidates were confused about the

products of the oxidation of alcohols.
(i)  Most candidates knew the colour change of the dichromate solution during the reaction.
f. () Most candidates identified and drew the ester correctly.
(i)  Very well answered.
g. About half of the candidates gained full marks. Many candidates omitted the reversible arrow. Some candidates only answered part of the

question.

The compound C4H7Cl1 can exhibit sterecisomerism.

The reaction between bromoethane, CHs CH2Br, and potassium cyanide is an example of a nucleophilic substitution reaction.

a.i. Draw the structural formulas of the two geometrical isomers of 1-chloro-but-2-ene.

a.iiExplain why 1-chloro-but-2-ene shows geometrical isomerism.

a.iiiDraw the structural formula of one isomer of C4H;Cl that shows optical isomerism and identify the chiral carbon atom with an asterisk (*).

c.i.State whether this reaction is Sy1 or Sp2.

c.ii.Explain the mechanism of the reaction using curly arrows to represent the movement of electron pairs.

c.iiThe organic product obtained in part (c) (ii) can be reduced to form an amine. State an equation for the reaction, naming the catalyst involved.

(2]

(1]

(2]

(1]

(4]

2



Markscheme

a.i.

/\c|=cl :
Cis Cl 1_1 Cl I:C‘l
CH4 H
Cc=C ;
trans H CH,(C1

a.ii.no rotation possible due to double bond/pi bond;

Accept hindered or restricted rotation.

a.iii.”\ /”
C:C\C{H
a’ N

CH,y

correct structural formula;

chiral carbon atom identified;

CISNZ,

C.ii. ) /\‘l

curly arrow going from CN ™ to C;

curly arrow showing Br leaving;

Curly arrow may be represented on transition state.
representation of transition state, showing negative charge and dotted lines;

products;
c.iiCH3CH>CN + 2Hs; — CH3CH;CHsNH,;

Ni/ Pt/ Pd;

Examiners report

a.i. The standard of organic chemistry this session was slightly better when compared to previous sessions. In part (a), some candidates missed that
no rotation is possible due to the pi bond. The question required candidates to draw the two geometrical isomers of 1-chloro-but-2-ene but some
candidates had drawn the isomers of 1-chloro-but-1-ene or 2-chloro-but-2-ene. Only the able candidates could draw the optical isomer of C4H7ClI

and identify the chiral carbon atom.

ail VA

aiil VA



c.i.In part (c), the Sy2 mechanism between bromoethane and potassium cyanide proved to be a challenge as candidates continued to make the same
errors as found in previous sessions, such as an incorrect placement of curly arrows, the omission of non-bonding pairs of electrons on the
nucleophile and the failure to include partial bonds and an overall charge in the formula of the Sx2 transition state. Candidates are encouraged to

show the entering and leaving groups at 180° instead of 90° on the transition state.

c.iiln part (c), the Sy2 mechanism between bromoethane and potassium cyanide proved to be a challenge as candidates continued to make the same
errors as found in previous sessions, such as an incorrect placement of curly arrows, the omission of non-bonding pairs of electrons on the
nucleophile and the failure to include partial bonds and an overall charge in the formula of the Sx2 transition state. Candidates are encouraged to

show the entering and leaving groups at 180° instead of 90° on the transition state.

c.iiiln part (c), the Sy2 mechanism between bromoethane and potassium cyanide proved to be a challenge as candidates continued to make the same
errors as found in previous sessions, such as an incorrect placement of curly arrows, the omission of non-bonding pairs of electrons on the
nucleophile and the failure to include partial bonds and an overall charge in the formula of the Sx2 transition state. Candidates are encouraged to

show the entering and leaving groups at 180° instead of 90° on the transition state.

Nitrogen and silicon belong to different groups in the periodic table.

Draw the Lewis structures, state the shapes and predict the bond angles for the following species.

Consider the molecule HCONHo,.

a.i. Distinguish in terms of electronic structure, between the terms group and period. 2]
a.ii.State the maximum number of orbitals in the n = 2 energy level. [1]
b.i.SiFs (3]
b.iNO; (3]
d. Explain, using diagrams, why NOs is a polar molecule but COs is a non-polar molecule. [3]
f.ii. Explain the term hybridization. [1]
f.iii Describe how o and 7 bonds form. [
f.iv.State the type of hybridization of the carbon and nitrogen atoms in HCONH,. [2]

Markscheme

a.i.Group: number of valence/outer energy level electrons same;

Period: electrons are in same valence/outer energy level;



Accept number of energy levels containing electrons occupied.

Accept shell for energy level.
a.ii4;
Allow the mark if the correct individual orbitals (e.g. 2s etc.) are listed.
-
b.i. \ H / -
\ " il
\E’ | ‘ | \F/
octahedral/octahedron/square bipyramidal;
90° /90° and 180°;
N . N
b.u‘{)—\l—{}] ;
linear;
180°;
Allow dots, crosses or lines in Lewis structures.

Penalize missing charge, missing bracket once only in (i) and (ii).

Lone pairs required for BOTH (i) and (ji).

d. N02:

O/T\o

Award [1] for correct representation of the bent shape and [1] for showing the net dipole moment, or explaining it in words (unsymmetrical
distribution of charge).

002:
CO, :
- -
O=C=—=0

Award [1] for correct representation of the linear shape and for showing the two equal but opposite dipoles or explaining it in words (symmetrical
distribution of charge).

For both species, allow either arrow or arrow with bar for representation of dipole moment.
Allow correct partial charges instead of the representation of the vector dipole moment.
Ignore incorrect bonds.

Lone pairs not needed.

f.ii. mixing/joining together/combining/merging of atomic orbitals to form molecular /new orbitals / orbitals of equal energy;

f.iii.stgma bond:

end-on/axial overlap with electron density between the two atoms/nuclei;

T bond:

sideways/parallel overlap with electron density above and below internuclear axis/sigma bond;
Marks can be scored from a suitable diagram.

Award [1 max] for stating end-on/axial overlap for sigma and sideways/parallel overlap for 7 only i.e. without mentioning electron density OR
stating electron density between the two atoms/nuclei for sigma above and below internuclear axis/sigma bond for T i.e. without mentioning
overlap.



f.iv. ﬂl H

2. 2 3.
L2
Correct answer is actually sp? for nitrogen because of delocalization/planar geometry.

Accept sp°.

Examiners report

a.i.Part (a) was very poorly answered which was surprising at HL. Most candidates described groups correctly but only a small majority stated that for

a period the electrons are in the same valence level.
a.ii.Part (ii) was well answered.

b.i.For (b) VSEPR theory in general was well answered. The most common mistakes involved candidates failing to include square brackets or lone
pairs of electrons or charges. Four G2 comments stated that expanded octets are not on the syllabus. However, AS 14.1.1 states explicitly that
candidates should be able to predict the shape and bond angles of species of five and six negative charge centres. Four examples are included in
the teachers note, including SF, but it has to emphasized again, as in previous subject reports that examples should not be confined in teaching

programmes to just these four examples. Even SF is a clear example of an expanded octet type structure, as is SiFgf, as asked in this question.

b.iiThere were five other G2 comments again stating the fact that N02+ is off-syllabus. Based on AS 4.2.7, this example is clearly on the syllabus as
the AS states that candidates should be able to predict the shape and bond angles of species of two, three and four negative charge centres. All

the examples in the teachers note should be covered at a minimum in the teaching programme, but these are not the only examples.

d. There were seven G2 comments referring to (d); some respondents felt that the candidates had to answer the question by determining the shape of
both NO2 andCO- using VSEPR Theory. This is a classic example of candidates reading the question carefully and not making unnecessary
assumptions in relation to what is being asked. Only three marks are allocated to this question and hence this should be another clue as to suggest
that the answer can be given in a concise manner. All candidates had to do was determine the fact that both species are XY2 species (not XYZ
even) and hence can only be one of two geometries, either linear or bent. CO2 must be non-polar since it is a linear geometry and hence the two
dipole moments cancel each other out, yielding a net dipole moment of zero. In the case of NO3, the geometry must be bent, and therefore there
is a net dipole moment meaning it is a polar molecule. A simple diagram of the two species with the two bond dipole moments in each case and
the resultant net dipole moment (in the case of NO3) would have scored both marks. There was no need to show lone pairs of electrons or isolated
electrons etc. to answer this question, as candidates were not asked to write Lewis structures etc. Some candidates wasted time here trying to
work these out and even some candidates thought that there might even be a mistake in the question and tried to answer the question with NO,,

because this is an example given in the teachers note in AS 14.3.1, based on delocalization.

The very best candidates did draw dipole moments, as the question did ask for diagrams, when explaining polarity, as opposed to simply a
description in words.

f.ii. Hybridization was usually well answered in part (ii), but sometimes candidates did not score the mark due to lack of specific subject vocabulary.



f.iii. Although candidates often had some understanding of sigma and pi bonding, very few mentioned electron density in (jii).

f.iv.For (iv) one G2 comment stated that the hybridization of N in HCONHS will in fact be sp? due to the planar nature of the NHj group here in this
example, which is in fact correct, although it is unlikely that candidates at this level would know this. Nearly all candidates gave sp3 hybridization

for N, which they based on a perceived pyramidal type geometry, like in ammonia. For this reason, during GA, we decided to allow both

hybridizations, even though the correct answer is actually sp2 in this example.

But-2-ene belongs to the homologous series of the alkenes.

The time taken to produce a certain amount of product using different initial concentrations of C4HoBr and NaOH is measured. The results are shown

in the following table.

Reaction | [C,H,Br] / 10 " moldm™ |[NaOH]/ 10~ moldm™ |7/s
A 1.0 2.0 46
B 20 2.0 23
C 2.0 4.0 23

a.i. Outline three features of a homologous series.

a.ii.Describe a test to distinguish but-2-ene from butane, including what is observed in each case.

a.ii2-bromobutane can be produced from but-2-ene. State the equation of this reaction using structural formulas.

a.ivState what is meant by the term stereoisomers.

a.vExplain the existence of geometrical isomerism in but-2-ene.

c.i. Deduce the order of reaction with respect to C4HgBr and NaOH, using the data above.

C4H9BI‘

NaOH:

c.iiDeduce the rate expression.

c.iiiBased on the rate expression obtained in (c) (i) state the units of the rate constant, k.

d.iiHalogenalkanes can react with NaOH via Sy 1 and Snx2 type mechanisms. Explain why C4HgBr reacts via the mechanism described in (d) (i).

d.iildentify the rate-determining step of this mechanism.

(3]

(2]

)

(1]

(2]

(3]

)

(1]

(1]

(1]



Markscheme

a.i. same functional group / same general formula;

difference between successive members is CHa;
similar chemical properties;
Do not accept “same” chemical properties.

gradually changing physical properties;
a.iiadding bromine (water);

but-2-ene: brown/orange to colourless / decolourizes bromine water and
butane: does not change colour;

OR

adding acidified potassium permanganate solution/KMnQOy(aq);
but-2-ene: purple to colourless/brown and

butane: does not change colour;

OR

adding Baeyer’s reagent;

but-2-ene: purple/pink to brown and

butane: does not change colour;

Do not accept “clear” or “transparent” for “colourless”.

H H H
a.iii. | |

Accept condensed structural formula.

Penalise missing H atoms or incorrect bonds (such as C-HO, C-H>C) once only in the whole paper.

a.ivcompounds with the same structural formula but different arrangement of atoms (in space);

a.v(but-2-ene exists as) cis-but-2-ene and trans-but-2-ene /

H H H1C H

\c=c/ and \c=c/

N / Ny

HyC CH, H CH,

cis trans

restricted rotation of C=C/double bond;
C.i. C4HgBr.'

[C4HgBr] doubles and time halves/rate doubles/rate proportional to [C4HgBr];
Do not accept rate increases when [C4HqBr] increases.

NaOH:

[NaOH] doubles and time/rate does not change/rate independent of [NaOH];

C4HgBr: first order and NaOH: zero order;

c.irate = k[C4HgBr];



Accept ECF.

c.iiis’l;

Accept ECF.
d.iigreater stability of tertiary carbocation;

steric hindrance for Sx2 mechanism;
positive inductive effect (of alkyl groups);

Do not allow ECF.
d.iithe first step / Br~ leaving / formation of carbocation;

Do not allow ECF.

Examiners report

a.i. Features of an homologous series need to be learnt; this was answered relatively poorly.

a.ii.The most common reagent was bromine (some indeed used liquid bromine!) and the common errors were using HBr and describing “colourless”

as “clear”.
a.iiiln (i), some gave the equation backwards, a consequence, perhaps, of misreading the question.
a.ivin (iv) many referred to “same molecular formula” rather than “same structural formula”.
a.v.The lack of rotation about the double bond in (v) was not well described.

c.i.In (c) (i) the explanations were a little vague, some candidates perhaps being fooled by the data of time rather than rate. Many expected to be given

marks for a series of numbers and calculations without explanations.
c.iiAnswers to (ii) were usually consistent with (i).
c.iilAnswers to (iii) were usually consistent with (i).

d.ii{ii) was rarely answered correctly while the answer to (iii) was patchy.

a. Below are four structural isomers with molecular formula C4HgBr. State the name of each of the isomers a, b, ¢ and D. [4]



Key:
‘ Bromine
‘ Carbon

&  Hydrogen

C D
b.i.Identify the isomer(s) which will react with aqueous sodium hydroxide almost exclusively by an Sy 1 mechanism. State the meaning of the [2]
symbols in the term Sy 1 mechanism.
b.iiUsing the formula RBr to represent a bromoalkane, state an equation for the rate determining step of this Sx1 reaction. [1]
b.iildentify one isomer that will react with aqueous sodium hydroxide almost exclusively by an Sy2 mechanism. Draw the mechanism for this [4]

reaction using curly arrows to represent the movement of electron pairs. Include the structural formulas of the transition state and the organic

product.

c. State and explain how the rates of the reactions in parts (b) (i) and (b) (iii) are affected when the concentration of the sodium hydroxide is [2]
doubled.

d. State and explain how the rate of reaction of 1-bromobutane with sodium hydroxide compares with that of 1-chlorobutane with sodium [2]
hydroxide.

e. ldentify the isomer of C4HgBr that can exist as stereoisomers. Outline how a polarimeter will distinguish between the isomers, and how their [5]

physical and chemical properties compare.

Markscheme

a. A:l-bromobutane;

B: 2-bromobutane;

C: 2-bromo-2-methylpropane;

D: 1-bromo-2-methylpropane;

Penalize incorrect punctuation, e.g. commas for hyphens, only once.

Accept 2-bromomethylpropane and 1-bromomethyipropane for C and D respectively.



b.i.C/2-bromo-2-methylpropane;

unimolecular nucleophilic substitution;

Accept first order in place of unimolecular.
b.iiRBr — R* + Br;
Allow use of 2-bromo-2-methylpropane instead of RBr.

b.iiid/1-bromobutane/D/1-bromo-2-methylpropane;

_— —
. H
B ||1 | ||1

Cory - HO----C----Br » C - /

c‘|1_1c‘|1_1c‘n_1/|\“nr CHACHACT \n Hf}/l H

H I CH-CH.CHy
:‘;r_\ '|‘ ||4 1- ||1

N HO----C—---Br - C + B
f.C'H;]-;C'H/ | \Hr I ”;}/ | \‘”

H (CHyeCH  H CH(CHzy)n

curly arrow going from lone pair/negative charge on O in OH™ to C;

Do not allow curly arrow originating on H in OH".

curly arrow showing Br leaving;

Accept curly arrow either going from bond between C and Br to Br in 1-bromobutane or in the transition state.
representation of transition state showing negative charge, square brackets and partial bonds;

Do not penalize if HO and Br are not at 180° to each other.

Do not award M4 if OH----C bond is represented.
c. (0) () nochange as [OH ] does not appear in rate equation/in the rate determining step;

(o) (i) rate doubles as the rate is proportional to [OH "] / OH™ appears in the ratedetermining/
slow step / first order with respect to OH " ;

Award [1] if correctly predicts no rate change for Sy1 and doubling of rate for Sy2 of without suitable explanation.
d. rate of 1-bromobutane is faster;

C-Br bond is weaker/breaks more easily than C-Cl bond;
e. 2-bromobutane/B,;

(plane-) polarized light shone through;

enantiomers rotate plane of plane-polarized light to left or right/opposite directions (by same amount);
Accept “turn” instead of “rotate” but not “bend/reflect”.

physical properties identical (apart from effect on plane-polarized light);

chemical properties are identical (except with other chiral compounds);

Do not accept “similar” in place of “identical”.

Examiners report



a. This was the least popular question, but there were some very good answers seen. In parts (a) and (b), most candidates were able to correctly

name the organic compounds, and identify which halogenoalkane would react via a Sy1 or Sy2 reaction.

b.i.Many candidates stated first order instead of unimolecular, which although we accepted it in this instance is not correct.

b.ilN/A

b.iiiAttempts at the mechanism were generally disappointing though, with errors of incorrectly drawn arrows and faults in the transition state frequently

occurring. Also candidates often had an arrow coming from an H in OH™ instead of from a lone pair of electrons on O.

c. Answers to (c) explaining how [OHf] effects rate were generally good, however, some only predicted and didn’t explain in terms of the rate limiting

step.
d. Answers to (d) were generally good and only the weakest candidates didn"t state that bromobutane reacted faster as the C-Br bond was weaker.

e. Most candidates in (e) knew how enantiomers affected plane-polarized light, but few stated that their properties were identical and many instead

suggested they were similar.

Ethanol has many industrial uses.

a. State an equation for the formation of ethanol from ethene and the necessary reaction conditions. [3]
Equation:
Conditions:

b.i.Define the term average bond enthalpy. [2]

b.iiEthanol can be used as a fuel. Determine the enthalpy of combustion of ethanol at 298 K, in kJ molfl, using the values in table 10 of the data  [4]

booklet, assuming all reactants and products are gaseous.

c. Students can also measure the enthalpy of combustion of ethanol in the laboratory using calorimetry. Suggest the major source of systematic  [1]

error in these procedures.

d. State the equation for the acid-catalysed reaction of ethanol with propanoic acid and state the name of the organic product. 2]

Equation:

Name of the organic product:
e.i. A polyester can be formed when ethane-1,2-diol reacts with benzene-1,4-dicarboxylic acid. 2]

Deduce the structure of the repeating unit and state the other product formed.

Repeating unit:



Other product:

e.ii.State the type of polymerization that occurs.

f.i. The standard enthalpy change of combustion, AHCG, of propanoic acid is —1527 kJ mol . Determine the standard enthalpy change of

formation of propanoic acid, in kJ molfl, using this information and data from table 12 of the data booklet.
f.ii. Deduce, giving a reason, the sign of the standard entropy change of the system for the formation of propanoic acid from its elements.

g. Identify three allotropes of carbon and describe their structures.

Markscheme

a. Equation:

CH,CH; + H,O — CH3CH,0OH/C,H4 + HoO — CoH50H;

Conditions:

(concentrated) sulfuric acid/H2SOy;

Do not accept dilute sulfuric acid.

Accept phosphoric acid/Hs POy (on pellets of silicon dioxide) (for industrial preparation).
heat / high temperature;

Do not accept warm.

Accept high pressure (for industrial preparation) for M3 only if H3 POy is given for M2.

b.i.energy needed to break (1 mol of) a bond in the gaseous state/phase;

(averaged over) similar compounds;
Do not accept “similar bonds” instead of “similar compounds”.

Concept of “similar” is important for M2.
b.iiCH3CH:OH + 302, — 2C0O;5 + 3H50;

Bonds broken:

347 + (5 x 413) + 358 + 464 + (3 x 498)/4728 (kJ)/C-C + 5C-H + C-O + O-H + 30=0;
Bonds made:

(4 x 746) + (6 x 464) = 5768 (kJ)/4C = O + 60-H;

AH = (4728 — 5768 =) — 1040 (kJ mol ') / bonds broken — bonds formed;

Award [4] for correct final answer.

Award [3] for (+)1040 (kJ mol™").

c. heat loss (to the surroundings);

d. CH3;CH,OH + CH3CH,COOH = CH3CH,O0CCH2CH; + H,0;

ethyl propanoate;

Do not penalize if equilibrium arrow missing.

(1]

(4]

(2]

(4]



e.i. Repeating unit:

L I
o—c—c—o—-!: a‘: :
H H N

Continuation lines must be shown.

Ignore brackets and n.

Accept condensed formulas such as CHy and C¢Hy.
Other product:

H,0O/water;

e.iicondensation;

f.i. 3C(s) 4+ 3Ha(g) + O2(g) — CH3CH2COOH(1);

AHP = 3" AH? (reactants) — . AHY (products);

Accept any suitable energy cycle.

ST AH® (reactants) = 3 x (—394) + 3 x (—286)/ — 2040 (kJ mol *);
(AHP = [3 x (—394) + 3 x (—286)] — (—1527) =) — 513 (kJ mol 1);
OR

CH3CH;COOH(1) 4 3.502(g) — 3CO2(g) + 3H20(g);

AH? =" AHP (products) — 3 AH? (reactants);

S" AHP (products) = 3 x (—394) + 3 x (—286)/ — 2040 (kJ mol );
(Aer = [3 x (—394) + 3 x (—286)] — (—1527) =) — 513 (kJ mol *);
Ignore state symbols.

Award [4] for correct final answer.

f.

i.negative;

reduction in the number of gaseous molecules;

g. Allotropes:

Any three allotropes for [1] from:

diamond

graphite

fullerene

graphene;

Allow (carbon) nanotubes for graphene.

Accept Cgo/Cro/buckminsterfullerene/bucky balls for fullerene.
Structures:

Any three for [3] from:

Diamond:

tetrahedral arrangement of (carbon) atoms/each carbon bonded to four others / sp3 and 3D/covalent network structure;

Graphite:



each carbon bonded to three others (in a trigonal planar arrangement) / sp2 and 2D / layers of (carbon) atoms;

Fullerene:

each (carbon) atom bonded to three others (in a trigonal arrangement) / sp2 and joined in a ball/cage/sphere/connected hexagons and pentagons;
Accept “trigonal planar” for “each carbon atom bonded to three others” part in M4.

Graphene:

each carbon bonded to three others (in a trigonal arrangement) / sp2 and 2D structure;

Examiners report

a. There was poor understanding of the transformation in (a). When defining the average bond enthalpy in (b), the notion of “gaseous” was frequently

b.

omitted and very few mentioned the bonds being in similar compounds. In the calculation, many omitted the C—C bond and many did not work
from a properly balanced equation which led to disaster. Nearly every candidate attempting this question was able to suggest “heat loss”. In (d) the
usual errors were made; the name was the wrong way round, water was missing from the equation and wrong products (such as pentanoic acid)
were suggested. In (e) (i) the diagrams were poor but water was usually given correctly. Most gave condensation as the type of polymerization. The
key to gaining marks in questions such as (f) (i) is to start with a balanced equation, [1 mark], and then set the calculation out correctly and tidily.
Part marks cannot be given if the examiner cannot follow what the candidate is doing. Many correctly gave “negative” in (ji) but the explanations
lacked clarity. Most gained a mark in (g) for knowing three allotropes but the description of structures was poorly done. The [4] (marks) for this part

gives some idea of the amount of detail expected.

.There was poor understanding of the transformation in (a). When defining the average bond enthalpy in (b), the notion of “gaseous” was frequently

omitted and very few mentioned the bonds being in similar compounds. In the calculation, many omitted the C—C bond and many did not work
from a properly balanced equation which led to disaster. Nearly every candidate attempting this question was able to suggest “heat loss”. In (d) the
usual errors were made; the name was the wrong way round, water was missing from the equation and wrong products (such as pentanoic acid)
were suggested. In (e) (i) the diagrams were poor but water was usually given correctly. Most gave condensation as the type of polymerization. The
key to gaining marks in questions such as (f) (i) is to start with a balanced equation, [1 mark], and then set the calculation out correctly and tidily.
Part marks cannot be given if the examiner cannot follow what the candidate is doing. Many correctly gave “negative” in (ji) but the explanations
lacked clarity. Most gained a mark in (g) for knowing three allotropes but the description of structures was poorly done. The [4] (marks) for this part

gives some idea of the amount of detail expected.

b.iiThere was poor understanding of the transformation in (a). When defining the average bond enthalpy in (b), the notion of “gaseous” was frequently

omitted and very few mentioned the bonds being in similar compounds. In the calculation, many omitted the C-C bond and many did not work
from a properly balanced equation which led to disaster. Nearly every candidate attempting this question was able to suggest “heat loss”. In (d) the
usual errors were made; the name was the wrong way round, water was missing from the equation and wrong products (such as pentanoic acid)
were suggested. In (e) (i) the diagrams were poor but water was usually given correctly. Most gave condensation as the type of polymerization. The
key to gaining marks in questions such as (f) (i) is to start with a balanced equation, [1 mark], and then set the calculation out correctly and tidily.
Part marks cannot be given if the examiner cannot follow what the candidate is doing. Many correctly gave “negative” in (ii) but the explanations
lacked clarity. Most gained a mark in (g) for knowing three allotropes but the description of structures was poorly done. The [4] (marks) for this part

gives some idea of the amount of detail expected.



c. There was poor understanding of the transformation in (a). When defining the average bond enthalpy in (b), the notion of “gaseous” was frequently

omitted and very few mentioned the bonds being in similar compounds. In the calculation, many omitted the C-C bond and many did not work
from a properly balanced equation which led to disaster. Nearly every candidate attempting this question was able to suggest “heat loss”. In (d) the
usual errors were made; the name was the wrong way round, water was missing from the equation and wrong products (such as pentanoic acid)
were suggested. In (e) (i) the diagrams were poor but water was usually given correctly. Most gave condensation as the type of polymerization. The
key to gaining marks in questions such as (f) (i) is to start with a balanced equation, [1 mark], and then set the calculation out correctly and tidily.
Part marks cannot be given if the examiner cannot follow what the candidate is doing. Many correctly gave “negative” in (ii) but the explanations
lacked clarity. Most gained a mark in (g) for knowing three allotropes but the description of structures was poorly done. The [4] (marks) for this part

gives some idea of the amount of detail expected.

d. There was poor understanding of the transformation in (a). When defining the average bond enthalpy in (b), the notion of “gaseous” was frequently

e.

omitted and very few mentioned the bonds being in similar compounds. In the calculation, many omitted the C—C bond and many did not work
from a properly balanced equation which led to disaster. Nearly every candidate attempting this question was able to suggest “heat loss”. In (d) the
usual errors were made; the name was the wrong way round, water was missing from the equation and wrong products (such as pentanoic acid)
were suggested. In (e) (i) the diagrams were poor but water was usually given correctly. Most gave condensation as the type of polymerization. The
key to gaining marks in questions such as (f) (i) is to start with a balanced equation, [1 mark], and then set the calculation out correctly and tidily.
Part marks cannot be given if the examiner cannot follow what the candidate is doing. Many correctly gave “negative” in (ii) but the explanations
lacked clarity. Most gained a mark in (g) for knowing three allotropes but the description of structures was poorly done. The [4] (marks) for this part

gives some idea of the amount of detail expected.

.There was poor understanding of the transformation in (a). When defining the average bond enthalpy in (b), the notion of “gaseous” was frequently

omitted and very few mentioned the bonds being in similar compounds. In the calculation, many omitted the C—C bond and many did not work
from a properly balanced equation which led to disaster. Nearly every candidate attempting this question was able to suggest “heat loss”. In (d) the
usual errors were made; the name was the wrong way round, water was missing from the equation and wrong products (such as pentanoic acid)
were suggested. In (e) (i) the diagrams were poor but water was usually given correctly. Most gave condensation as the type of polymerization. The
key to gaining marks in questions such as (f) (i) is to start with a balanced equation, [1 mark], and then set the calculation out correctly and tidily.
Part marks cannot be given if the examiner cannot follow what the candidate is doing. Many correctly gave “negative” in (ii) but the explanations
lacked clarity. Most gained a mark in (g) for knowing three allotropes but the description of structures was poorly done. The [4] (marks) for this part

gives some idea of the amount of detail expected.

e.ii.There was poor understanding of the transformation in (a). When defining the average bond enthalpy in (b), the notion of “gaseous” was frequently

omitted and very few mentioned the bonds being in similar compounds. In the calculation, many omitted the C—C bond and many did not work
from a properly balanced equation which led to disaster. Nearly every candidate attempting this question was able to suggest “heat loss”. In (d) the
usual errors were made; the name was the wrong way round, water was missing from the equation and wrong products (such as pentanoic acid)
were suggested. In (e) (i) the diagrams were poor but water was usually given correctly. Most gave condensation as the type of polymerization. The

key to gaining marks in questions such as (f) (i) is to start with a balanced equation, [1 mark], and then set the calculation out correctly and tidily.



f.ii

fi.

Part marks cannot be given if the examiner cannot follow what the candidate is doing. Many correctly gave “negative” in (ji) but the explanations
lacked clarity. Most gained a mark in (g) for knowing three allotropes but the description of structures was poorly done. The [4] (marks) for this part

gives some idea of the amount of detail expected.

There was poor understanding of the transformation in (a). When defining the average bond enthalpy in (b), the notion of “gaseous” was frequently
omitted and very few mentioned the bonds being in similar compounds. In the calculation, many omitted the C—C bond and many did not work
from a properly balanced equation which led to disaster. Nearly every candidate attempting this question was able to suggest “heat loss”. In (d) the
usual errors were made; the name was the wrong way round, water was missing from the equation and wrong products (such as pentanoic acid)
were suggested. In (e) (i) the diagrams were poor but water was usually given correctly. Most gave condensation as the type of polymerization. The
key to gaining marks in questions such as (f) (i) is to start with a balanced equation, [1 mark], and then set the calculation out correctly and tidily.
Part marks cannot be given if the examiner cannot follow what the candidate is doing. Many correctly gave “negative” in (ji) but the explanations
lacked clarity. Most gained a mark in (g) for knowing three allotropes but the description of structures was poorly done. The [4] (marks) for this part

gives some idea of the amount of detail expected.

. There was poor understanding of the transformation in (a). When defining the average bond enthalpy in (b), the notion of “gaseous” was frequently

omitted and very few mentioned the bonds being in similar compounds. In the calculation, many omitted the C-C bond and many did not work
from a properly balanced equation which led to disaster. Nearly every candidate attempting this question was able to suggest “heat loss”. In (d) the
usual errors were made; the name was the wrong way round, water was missing from the equation and wrong products (such as pentanoic acid)
were suggested. In (e) (i) the diagrams were poor but water was usually given correctly. Most gave condensation as the type of polymerization. The
key to gaining marks in questions such as (f) (i) is to start with a balanced equation, [1 mark], and then set the calculation out correctly and tidily.
Part marks cannot be given if the examiner cannot follow what the candidate is doing. Many correctly gave “negative” in (ii) but the explanations
lacked clarity. Most gained a mark in (g) for knowing three allotropes but the description of structures was poorly done. The [4] (marks) for this part

gives some idea of the amount of detail expected.

There was poor understanding of the transformation in (a). When defining the average bond enthalpy in (b), the notion of “gaseous” was frequently
omitted and very few mentioned the bonds being in similar compounds. In the calculation, many omitted the C-C bond and many did not work
from a properly balanced equation which led to disaster. Nearly every candidate attempting this question was able to suggest “heat loss”. In (d) the
usual errors were made; the name was the wrong way round, water was missing from the equation and wrong products (such as pentanoic acid)
were suggested. In (e) (i) the diagrams were poor but water was usually given correctly. Most gave condensation as the type of polymerization. The
key to gaining marks in questions such as (f) (i) is to start with a balanced equation, [1 mark], and then set the calculation out correctly and tidily.
Part marks cannot be given if the examiner cannot follow what the candidate is doing. Many correctly gave “negative” in (ii) but the explanations
lacked clarity. Most gained a mark in (g) for knowing three allotropes but the description of structures was poorly done. The [4] (marks) for this part

gives some idea of the amount of detail expected.

Geometrical isomerism and optical isomerism are two sub-groups of stereoisomerism in organic chemistry.



Compound P has the following three-dimensional structure. P also has geometrical isomers.

Menthol can be used in cough medicines. The compound contains C, H and O only.

a. Describe what is meant by the term stereoisomers. (1]

b. Geometrical isomers have different physical properties and many drugs, such as doxepin (which has antidepressant properties), have [1]

geometrical isomers.

Example of a geometrical isomer of doxepin

For each of the carbon atoms labelled 1 and 2 in doxepin, deduce the type of hybridization involved (sp, sp? or spd).

2:

c. Clomifene, a fertility drug, whose three-dimensional structure is represented below, also has geometrical isomers. 1]



: i
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Identify the name of one functional group present in clomifene.
d.i.Draw any two other isomers of P. [2
d.iiApply IUPAC rules to state the names of all the straight-chain isomers of compounds of molecular formula C4Hg (including P). [2]

d.iiiState the structural formula of the organic products, Q, R, S and T, formed in the following reactions. [4]



CH,CH=CHCH, + HBr(g) —— Q

Q:
oy
- 4 5
CH,CH=CHCH, DOHon R
R:

CH,CH=CHCH; + Br(ag) —> 8§
S:

Q + OH(@) —> T

T:

d.ivSuggest one suitable mechanism for the reaction of Q with aqueous sodium hydroxide to form T, using curly arrows to represent the movement [4]

of electron pairs.

d.vState the structural formula of the organic product formed, U, when R is heated under reflux with acidified potassium dichromate(VI).

d.viApply IUPAC rules to state the name of this product, U.

e.i.When a 6.234 x 1072 g of the compound was combusted, 1.755 x 1071 g of carbon dioxide and 7.187 x 1072 g of water were produced.

Determine the molecular formula of the compound showing your working, given that its molar mass is M = 156.30 g mol .
e.iiMenthol occurs naturally and has several isomers. State the structural feature of menthol which is responsible for it having enantiomers.
e.iiiState the instrument used to distinguish between each of the two enantiomers, and how they could be distinguished using this instrument.

e.ivCompare the physical and chemical properties of enantiomers.

Physical properties:

)

(1]

(4]

)

)

(2]



Chemical properties:

Markscheme

a. compounds with same structural formula but different arrangements of atoms in space;
Award [1] if correct description of geometric and optical isomers given.

b. 1: sp?and 2: sp°;

C. amine;

benzene ring;

Allow phenyl (group).

Do not allow just benzene.
alkene / chloroalkene;
chloro;

ether / phenyl ether;

Ethers not required as per guide but allow if given.

. H H
d.i. \ /
/C=C\ :
H;C CH;
H /H
f_':i'\
H CH-CH;
H CH;
Neeo”’
/ 2
H \CH3
H H

d.iitrans-but-2-ene and cis-but-2-ene;

Allow trans 2-butene and cis 2-butene.
Do not accept just 2-butene or 2-butene.
but-1-ene;

Allow 1-butene.



d.iQ: CH3CHBrCH>CHs;

R: CH;CH(OH)CH,CHs;
S: CH;CHBrCHBrCHs;
T: CH;CH(OH)CH,CHs;

Condensed or full structural formulas may be given.
d.ivSince secondary bromoalkane could be either Sy1 and Sy2 so allow Sy1 or Sy2 for M1 -M4.

SN1:

H H

II_:C—Q—GIEC.TI; —» HC C—CH,(Hy;  + Bro

curly arrow showing Br leaving;

Do not allow arrow originating from C to C-Br bond.

representation of secondary carbocation;

curly arrow going from lone pair/negative charge on O in HO™ to C;
Do not allow arrow originating on H in OH".

formation of CH3;CH(OH)CH,CH;3 and Br~;

Allow formation of NaBr instead of Br~.

OR

Sn2:

curly arrow going from lone pair/negative charge on O in HO ™ to G;

Do not allow curly arrow originating on H in OH".

curly arrow showing Br leaving;

Accept curly arrow either going from bond between C and Br to Br in 2-bromobutane or in the transition state.
Do not allow arrow originating from C to C-Br bond.

representation of transition state showing negative charge, square brackets and partial bonds;

Do not penalize if HO and Br are not at 180° to each other.

Do not award M3 if OH—C bond is represented.

formation of CH;CH(OH)CH,CH; and Br—;

Allow formation of NaBr instead of Br-.
d.VHgCCOCHQCHg;

Condensed or full structural formula may be given.



d.vbutan-2-one;

Allow 2-butanone or butanone.

Accept butan-2-one if (v) is incorrect but also apply ECF.
ed.mg : (1.755 x 107! x 12.01)/(44.01) = 4.790 x 102 g and

mp : (7.187 x 1072 x 2 x 1.01)/(18.02) = 8.056 x 10 * g;
mo : (6.234 x 1072 — 8.056 x 107 — 4.790 x 107?) = 6.384 x 10 % g;
(nc = 3.988 x 1072 and ny; = 2 x 3.988 x 1073 and ng = 3.988 x 102 hence empirical formula = ) C19HyyO;

(M(Cng()O) = 156.30 (gmol '), therefore molecular formula :) C10HyO;

OR

1.755x107! — 7.187x107! _
nco, = (LE50") = 3.988 x 10°% and g0 = (5200 ) = 3.988 x 1074,

mo : (6.234 x 1072 — 8.056 x 10° — 4.790 x 10%) = 6.384 x 10 ° g;
(nc = 3.988 x 1072 and ng = 2 x 3.988 x 1072 and no = 3.988 x 1072 hence empirical formula = ) C19H200O;

(M(C](]HQ[)O) = 156.30 (g molfl), therefore molecular formula :) C10H2O;

Allow alternative working to be used.

Award [3 max] for C19H200 if no working shown.
e.iichiral (carbon/centre/atom) / (tetrahedral) carbon surrounded by four

different groups;

Accept chiral compound or chiral molecule.

e.iiipolarimeter and (enantiomers) rotate plane of polarized light in (equal and) opposite directions;

e.ivPhysical properties:

identical except for rotation of plane polarized light;

Accept “identical” as different optical properties assessed in (iii).
Do not accept similar.

Chemical properties:

identical unless they interact with other optically active/chiral compounds/reagents/solvents / identical with achiral compounds/reagents/solvents /
OWTTE;

Allow different physiological effects/taste.

Examiners report

a. Areasonably popular question and often well done. In (a), some weaker candidates did not understand the idea of a stereoisomer.
b. (b) and (c) were well done.

c. (b) and (c) were well done.

d.i.In (d), most scored full marks though some gave cis.

d.iiln (d), most scored full marks though some gave cis. In (ii), many did not gain marks for but-2-ene.



d.iiiln (d), most scored full marks though some gave cis.
d.ivn (d), most scored full marks though some gave cis.
d.vin (d), most scored full marks though some gave cis.
d.vin (d), most scored full marks though some gave cis.
e.i.(e) (i) also was very well answered compared to some recent sessions.

e.iiNVA

e.iiiPerhaps too much was expected in (jii) for one mark and students either omitted polarimeter or did not refer to plane polarised light.

e.ivin (iv), few scored both marks.

The standard electrode potential for a half-cell made from iron metal in a solution of iron(ll) ions, Fe2+(aq), has the value —0.45 V.

Consider the following table of standard electrode potentials.

E®/V
Fe(aq) + 2e” = Fe(s) -0.45
Sn™*(aq) + 2~ = Sn(s) -0.14
H*(aq) +e” = 1H, (g) 0.00
Sn** (aq) + 2e” = Sn™ (aq) +0.15
Fe'*(aq) + e = Fe™* (aq) +0.77
Ag*(aq) +e = Ag(s) +0.80
1By (1) + e = Br (aq) +1.07

From the list above:

An acidified solution of potassium dichromate is often used as an oxidizing agent in organic chemistry. During the oxidation reaction of ethanol to

ethanal the dichromate ion is reduced to chromium(lll) ions according to the following unbalanced half-equation.

Cr02 (aq) + H" (aq) + e~ — Cr**(aq) + H20(1)

Sodium metal can be obtained by the electrolysis of molten sodium chloride.

a.i. Define standard electrode potential. [2]
a.iiExplain the significance of the minus sign in —0.45 V. 1]
b.i.State the species which is the strongest oxidizing agent. [1]

b.iiDeduce which species can reduce Sn** (aq) to Sn?* (aq) but will not reduce Sn*" (aq) to Sn(s) under standard conditions. 1]



b.iiDeduce which species can reduce Sn2+(aq) to Sn(s) under standard conditions.

c.i. Draw a labelled diagram of a voltaic cell made from an Fe (s) / Fe2+(aq) half-cell connected to an Ag(s) / Ag+(aq) half-cell operating under
standard conditions. In your diagram identify the positive electrode (cathode), the negative electrode (anode) and the direction of electron flow

in the external circuit.

c.ii.Deduce the equation for the chemical reaction occurring when the cell in part (c) (i) is operating under standard conditions and calculate the

voltage produced by the cell.
d.i.Describe the colour change that will be observed in the reaction.
d.iiDeduce the oxidation number of chromium in Cr20§*.
d.iiiState the balanced half-equation for the reduction of dichromate ions to chromium(lll) ions.

d.ivDeduce the half-equation for the oxidation of ethanol to ethanal and hence the overall redox equation for the oxidation of ethanol to ethanal by

acidified dichromate ions.
d.vExplain why it is necessary to carry out the reaction under acidic conditions.
d.videntify the organic product formed if excess potassium dichromate is used and the reaction is carried out under reflux.
e.i. Explain why it is very difficult to obtain sodium from sodium chloride by any other method.

e.ii.Explain why an aqueous solution of sodium chloride cannot be used to obtain sodium metal by electrolysis.

Markscheme

a.i.the potential difference/voltage obtained when a half-cell is connected to a standard hydrogen electrode;

under standard conditions / 1.00 mol dm 2 solutions, 298 K:

(1]

(5]

(2]

(1]

)

(1]

(3]

(1]

(1]

(2]

(2]

a.iithe electrons flow from the half-cell to the standard hydrogen electrode / the half-cell forms the negative electrode when connected to the standard

half-cell / Fe is a better reducing agent than Hy / Fe is above Hj in electrochemical series;
Accept “the half reaction is not spontaneous”.

b.i.bromine/ Brs;

b.iihydrogen/ Hs;

b.iiiron/Fe;

Ignore coefficients for Bro, Ho or Fe.



ci. >—V)——>

_ Salt bridge _
Fe Ag

==

1.00 mol dn1™® 1.00 mol dm™
Fe¥* (aq) Ag* (aq)

correct diagram including voltmeter;

No credit if wires to electrodes immersed in the solutions.

labelled salt bridge;

Do not accept name of salt (e.g. potassium nitrate) in place of salt bridge.
correctly labelled (+) and (-) electrodes / cathode and anode;

1 or 1.00 mol dm 3 concentrations/298 K;

flow of electrons from Fe to Ag in external circuit;

Award [2 max] if battery shown instead of voltmeter.
ciiFe +2Ag" — Fe?* 4 2Ag;

E@

cell

(=0.80 — (—0.45) =) 1.25 V;
Ignore state symbols.

d.i.(the solution changes) from orange to green;
d.ii+6;
Do not accept 6, 6+ or the use of Roman numerals unless they have already been penalized in (2)(a).

d.iCr,02” + 14H" + 6e~ — 2Cr3+ + TH,0;

d.VCH;CH,OH — CH;CHO + 2H" + 2e—;

Cr,02" + 3CH3CH,0H + 8H" — 2Cr** + 3CH3CHO + 7H,0

For second equation award [1] for correct reactants and products and [1] for correct balancing.

d.vH" is a reactant / OWTTE;

d.viethanoic acid / CH3COOH / acid;

Accept acetic acid.
e.i.sodium is a very powerful reducing agent/high in electrochemical series;

any chemical reducing agent would need to be even higher in ECS to reduce Na™ / OWTTE;
e.iiH ions gain electrons more readily than Na™ / hydrogen is evolved instead;

hydrogen is below Na in ECS;

if sodium were to be formed it would react with the water in the solution / OWTTE;



Examiners report

a.i. This was the third most popular question. Most candidates were able to give only an incomplete definition of the standard electrode potential; the

need for standard conditions was often omitted.
a.ii.Only the strongest candidates were able to clearly explain the significance of the negative sign for the standard electrode potential of the half cell.
b.i.7(b) proved to be confusing for some candidates with many giving the half-equation instead of a specific species.
b.ii.7(b) proved to be confusing for some candidates with many giving the half-equation instead of a specific species.
b.iii7(b) proved to be confusing for some candidates with many giving the half-equation instead of a specific species.

c.i.Labelling the voltaic cell was generally well done in (c) (i) but some responses mixed up the cathode and anode or gave a battery instead off a

voltmeter. The most common omission, however, involved the concentrations (1 mol dm_?’) of the solution and the temperature of 298 K.
c.ii.A minority of candidates gave an equilibrium sign for the cell reaction and some candidates forgot the V units.

d.i.In (d) a surprising number of candidates were unable to give the colour change observed when dichromate(VI) ions are reduced to chromium(lll)

ions by ethanol.

d.iNA]

d.iiThe majority of candidates were not able to write the balanced redox reaction for the production of ethanal.

d.iMost candidates were able to identify ethanoic acid as the product of further oxidation under reflux.

d.vMany were unable to explain the need to carry out the reaction under acidic conditions.

d.viThe presence of H' as areactant in the equation was the expected response.

e.i.(e) proved to be very challenging with not many able to explain why it is difficult to obtain sodium from the electrolysis of aqueous sodium chloride.

e.iiAll sorts of misunderstandings were in evidence, many involving a discussion of the compound®s high lattice enthalpy.

Consider the following reactions.



(CH,),CHCH,CH,CH,0H —CSB.COOHH" , oy cOOCH,CH,CH,CH(CH,),

D G
(CH,),CHCH,CH,CHO
E
(CH,),CHCH,CH,co0H —(EHNH H
F
b.i.State the IUPAC names of each of the compounds, D, E, F and G. [2]
D:
E:
F:
G:
b.iiiState the reagents and reaction conditions used to convert D to E and D to F directly. [2]
b.ivDiscuss the volatility of E compared to F. [3]

Markscheme

b.i.D: 4-methylpentan-1-ol;

Allow 4-methyl-1-pentanol.

E: 4-methylpentanal;

F: 4-methylpentanoic acid;

G: 4-methylpentyl ethanoate;

Allow 4-methylpentyl acetate.

Award [2] for all four correct, [1 max] for two or three correct.

Award [1 maxq] if all suffices correct but prefix (4-methyl or pent) not correct.
b.iiifor both reactions reagents:

named suitable acidified oxidizing agent;

Suitable oxidizing agents are potassium dichromate(VI)/K2Cr-O7 / sodium dichromate(VI)/NazCr.O7 / dichromate/Cr.0/"/ potassium
manganate(VIl)/potassium permanganate/KMnQ4/ permanganate/manganate(VIl))/MnO4".

Accept H*/H2SOy instead of sulfuric acid and acidified.
Allow potassium dichromate or sodium dichromate (i.e. without (VI)) or potassium manganate (i.e. without (V).

Conditions:



distillation for D to E and reflux for D to F;

Award [1 max] if correct reagents and conditions identified for one process only.

b.iwolatility:

E more volatile than F;
hydrogen bonding in carboxylic acid/F;

Accept converse argument.

Examiners report

b.i.Many candidates only scored one mark.
b.iiDistillation often was not mentioned.

b.i\iv) was very well answered.

Two groups of students (Group A and Group B) carried out a project* on the chemistry of some group 7 elements (the halogens) and their compounds.

* Adapted from J Derek Woollins, (2009), Inorganic Experiments and Open University, (2008), Exploring the Molecular World.

In this project the students explored several aspects of the chemistry of the halogens. In the original preparation of ICI(l), they observed the yellow-

green colour of chlorine gas, Clo(g), reacting with solid iodine, la(s).

e. When iodine reacts with excess chlorine, ICl3 can form. Deduce the Lewis (electron dot) structure of ICl3 and ICl, and state the name of the

shape of each species.

IC1

IC1,

Lewis structure

Name of shape

f.i. State the full electron configuration of iodine (Z = 53).

(4]

(1]



f.iii.One important use of chlorine is in the synthesis of poly(chloroethene), PVC. Identify the monomer used to make PVC and state one of the uses [2]

of PVC.

Monomer:

Use:

Markscheme

:Elf‘z: «Clx
Cl—I's x|
XK |x X

I I

Do not penalize for an incorrect shape for Lewis structures.
Accept lines, dots or crosses for electron pairs for both Lewis
Structures.

Penalize missing lone pairs on Cl once only.

Square brackets and negative charge must be shown jfor
Lewis structure af [ICI;].

T-shaped; linear:;

No ECF for shape if Lewis structure is incorrect.
f.i. 1s22s22p%3s23p94s23d' " 4p05s24d'5p? /1522522p03s23p93d " 4s24p04d ' 5s25p%;
No mark for 2,8,18,18,7 or [Kr] 5s°4d"%5p°.

Allow electron configurations with order of sublevels interchanged.

Electrons must be represented as superscript to award mark.

f.iiiMonomer-:

H Cl
AN

C—C / chloroethene /CH,CHCI,;

s
H H

Accept vinyl chloride or chloroethylene.

Allow C2H3Cl.

Use:

raincoats / packaging / window frames / pipes / carpets / gutters / electrical cable sheathing / covers for electrical wires / rope / bottles;
Accept suitable alternatives.

Do not allow glue.

Do not allow just plastic(s) or just windows.



Allow plastic bag.

Examiners report

e. Part (e) was by far one of the most disappointing questions on the entire paper with only the top-end candidates scoring all four marks. Many
mistakes were seen, such as the usual mistakes of omitting lone pairs on terminal atoms and not including square brackets and the negative
charge for the Lewis structure of the anion. The biggest problem however for candidates was failing to realise that for Lewis structures based on
five negative charge centres or five electron domains, the lone pairs are inserted in the equatorial position and not the axial position, resulting in a
T-shaped molecular geometry for ICl; and a linear shape for ICl, . Candidates may benefit in class from a careful discussion of the various angles
resulting from LP-LP, LP-BP and BP-BP repulsions for such structures emanating from five electron domains. As a result of poor comprehension of

this aspect of VSEPR Theory, a common incorrect molecular geometry of trigonal planar was often cited for the molecular geometry forICls.

f.i.

In part (f), the better candidates gave the correct full electron configuration for iodine. Surprisingly some of the weaker candidates gave electron
arrangements which scored no marks and a few candidates gave rather sloppy configurations, either putting subscripts instead of superscripts or

not putting the number of electrons as superscripts, which was rather disconcerting to see at HL.

f.iii.In part (jii), a large number of candidates stated chloroethane instead of chloroethene for the monomer. Plastic was often given as a use of PVC.

This however was not allowed for M2 and a more precise answer was required.

Oxidation and reduction can be defined in terms of electron transfer or oxidation numbers.

A reactivity series can be experimentally determined by adding the metals W, X, Y and Z to solutions of these metal ions. The following reactions were
observed:

W2*(aq) + X(s)
Y(s) + W?*(aq)

W(s) +X**(aq)
Y** (aq) + W(s)
%" (aq) + W(s)
Y(s) + X**(aq)

N
N
— Z(s) + W' (aq)
— Y (aq) + X(s)

A student carries out the electrolysis of aqueous potassium iodide, Kl, using inert electrodes.

Three electrolytic cells were set up in series (one cell after the other), as shown below.

All of the solutions had a concentration of 1.00 mol dm 3.



Inert
electrode

SnS0,(aq)

Cell 1

a. Alcohols with the molecular formula C4HgOH occur as four structural isomers. Three of the isomers can be oxidized with acidified potassium

dichromate solution to form compounds with the molecular formula C4HgO.

(i) Deduce the half-equation for the oxidation of the alcohol C4H9OH.

(i) Deduce the overall equation for the redox reaction.

(i) Two of the isomers with the molecular formula C4HgOH can be oxidized further to form compounds with the molecular formula C4HgO».

Deduce the structural formulas of these two isomers.

(iv)  Oneisomer cannot be oxidized by acidified potassium dichromate solution.

Deduce its structural formula, state its name and identify it as a primary, secondary or tertiary alcohol.

Name:

Alcohol:

(v)  All isomers of the alcohol C4H9OH undergo complete combustion. State an equation for the complete combustion of C4HygOH.

Graphite

b. () Deduce the order of reactivity of these four metals, from the least to the most reactive.

(i) A voltaic cell is made by connecting a half-cell of X in XCly(aq) to a half-cell of Z in ZClz(aq). Deduce the overall equation for the

reaction taking place when the cell is operating.

(i)  The standard electrode potential for Ak (aq) + 2 = Z(s) is +0.20 V. State which species is oxidized when this half-cell is connected

to a standard hydrogen electrode.

Cell 3

Graphite

E)

(6]



(iv) Describe the standard hydrogen electrode including a fully labelled diagram.

c. (i) State the half-equation for the reaction that occurs at each electrode. [4]

Positive electrode (anode):

Negative electrode (cathode):

(i) Suggest, giving a reason, what would happen if the electrodes were changed to aluminium.

d. () Determine the mass of copper produced at one of the electrodes in cell 2 if the tin electrode in cell 1 decreased in mass by 0.034 g. [6]

(i) Compare the colour and the pH of the solutions in cells 2 and 3 after the current has been flowing for one hour.

(i)  Explain your answer given for part (d) (ii).

Colour:

pH:

Markscheme
a. () C4HoOH(l) — C4HO(l) + 2H (aq) + 2¢~;
Ignore state symbols.
(i) 3C4HyOH(l) + Cr,0% (aq) + 8H' (aq) — 3C4HzO(1) + 2Cr** (aq) + TH,0(1);
Ignore state symbols.
(iiy CH3CH,;CH,CH,OH;
(CH;),CHCH,OH;
Accept full or condensed structural formulas.
(ivy (CH3),COH;
2-methylpropan-2-ol;

Allow 2-methyl-2-propanol, methylpropan-2-ol, methyl-2-propanol.



tertiary;
vy C4H9OH + 609 — 4CO5 + 5H20/(CH3)3COH + 607 — 4C0O53 + 5H50
correct reactants and products;

correct balancing;
L) Z<W<XKY;

Accept Y > X>W > Z.

(i) X(s) + 2" (aq) — X**(aq) + Z(s);
Ignore state symbols.

Accept X(s) + ZClx(aq) — XClx(aq) + Z(s).
(i)  Ha(g)/hydrogen;

(iv) diagram showing gas, solution and solid electrode;

For example,
Ty
-:—Hl(g] at 100 kPa, 298 K
A (
I Pt
1 moldm=>—+
Hag) J

This diagram scores [3].

1 moldm 3 H" (aq) and Pt;

Allow 1 mol L™ or 1 M.

Allow 1 mol dm=3 HCI (aqg) or other source of 1mol dm™3 H+(aq) ions.
100 kPa/10° Pa/1 bar (Ha(g) pressure) and 298K / 25 °C;

Ignore state symbols throughout.

Allow 1.01 x 10° Pa/1 atm.

. () Positive electrode (anode):

I (aq) — %Ig(aq) +e7;

Accept correct equation involving 2 mols of I.

Negative electrode (cathode):

HyO(1) + e~ — 3Hz(g) + OH (aq)/H" (aq) + e~ — 7Ha(g)/
H;0" (aq) + e~ — H>0(1) + yHa(g);

Award [1 max] if correct equations are given at the wrong electrodes.
Ignore state symbols.

Allow e instead of e".

Penalize equilibrium sign once only.



Accept correct equation involving 2 mols of H*.
(i)  aluminium will be oxidized (instead of 1) at positive electrode (anode);
aluminium is a reactive metal / oxidation of aluminium has a positive E®/
aluminium is higher on the reactivity series than I~ / OWTTE;
d. () ngy =nc, = 2.86 x 1074/0.000286 (mol);
m(Cu) = 2.86 x 10~ x 63.55 = 0.0182 (g);
(i)  blue colour persists in second cell and fades in third cell;
pH does not change in second cell and decreases in third cell;
Award [1 max] if both colour and pH are correctly stated for one only of either second or third cell.
(iliy  Colour:
positive Cu electrode (anode) is oxidized to maintain colour in second cell / Cu(s) — Cu?* (aq) + 2e~;
pH:

in third cell, H' ions are produced as water is oxidized at positive electrode (anode) / H,O(1) — %OQ(g) + 2H" (aq) + 2e~ / solution becomes

acidic as hydroxide ions are oxidized at positive electrode (anode) / 20H ™ (aq) — %Oz(g) +Hy0(1) + 2e~;

Ignore state symbols.

Examiners report

a. Most candidates attempted writing half reactions, but few got them correct in a(i), a(ii), b(ii), c(i) and d(iii). The structure and conditions for the
standard hydrogen electrode produced a range of marks, and there was a significant minority who drew two half cells. The importance of the
nature of the electrodes was hardly ever explained, if comments about the inert nature of aluminium due to its oxide coating were mentioned they
would have been given credit. Once again the inability to describe and then explain the processes happening during the electrolysis of copper

sulphate was apparent.

b. Most candidates attempted writing half reactions, but few got them correct in a(i), a(ii), b(ii), c(i) and d(iii). The structure and conditions for the
standard hydrogen electrode produced a range of marks, and there was a significant minority who drew two half cells. The importance of the
nature of the electrodes was hardly ever explained, if comments about the inert nature of aluminium due to its oxide coating were mentioned they
would have been given credit. Once again the inability to describe and then explain the processes happening during the electrolysis of copper

sulphate was apparent.

c. Most candidates attempted writing half reactions, but few got them correct in a(i), a(ii), b(ii), c(i) and d(iii). The structure and conditions for the
standard hydrogen electrode produced a range of marks, and there was a significant minority who drew two half cells. The importance of the
nature of the electrodes was hardly ever explained, if comments about the inert nature of aluminium due to its oxide coating were mentioned they
would have been given credit. Once again the inability to describe and then explain the processes happening during the electrolysis of copper

sulphate was apparent.

d. Most candidates attempted writing half reactions, but few got them correct in a(i), a(ii), b(ii), c(i) and d(iii). The structure and conditions for the
standard hydrogen electrode produced a range of marks, and there was a significant minority who drew two half cells. The importance of the

nature of the electrodes was hardly ever explained, if comments about the inert nature of aluminium due to its oxide coating were mentioned they



would have been given credit. Once again the inability to describe and then explain the processes happening during the electrolysis of copper

sulphate was apparent.

Some of the most important processes in chemistry involve acid-base reactions.

a.i.Calculate the K, value of benzoic acid, C¢gH5 COOH, using Table 15 in the Data Booklet. 1]

a.iiBased on its K, value, state and explain whether benzoic acid is a strong or weak acid. [2]

a.iiiDetermine the hydrogen ion concentration and the pH of a 0.010 mol dm 2 benzoic acid solution. State one assumption made in your [4]
calculation.

Markscheme

ai. K, =6.310 x 107°/6.31 x 1075;
Accept 6.3 x 107°.

a.iiweak (acid);
K, < 1/small K,;

aiifH30"]/[H"] = /K, x 0.010;
[H30"]/[H'] = 7.9 x 107 (mol dm3);
pH = 3.10/3.1/3.12;

Award [3] for correct final answer of pH.

assume x < 0.010 (mol dm™?) / ionization of water is insignificant / [C¢Hs COOH], ..., = [Ce¢Hs COOH], / temperature 25 °C /298 K;

Examiners report

a.i.Part (a) (i) proved to be a well known topic where only weaker candidates couldn’t finish the calculation.

a.ii.For (i) although a significant number of candidates knew that benzoic acid was a weak acid, only the better candidates explained this based on the

fact that K, is < 1.

a.iiiPart (i) was very well answered, but even the better candidates often forgot to state one assumption made in the calculation.

Bromomethane was used as a pesticide until it was found to be ozone-depleting.

a. State the equation for the reaction between methane and bromine to form bromomethane. [1]



b.i.Explain, using equations, the complete free-radical mechanism for the reaction of methane with bromine, including necessary reaction

conditions.
b.iiBromomethane reacts with aqueous sodium hydroxide. State the organic product of this reaction.

c. Explain why the rate of the reaction between iodomethane, CHsI, and NaOH(aq) is faster than the rate of the reaction between CH3Br and
NaOH(aq).
d.i.Bromine can be produced by the electrolysis of molten sodium bromide.

Deduce the half-equation for the reaction at each electrode.
Positive electrode (anode):

Negative electrode (cathode):

d.iiPredict the products formed at the electrodes during the electrolysis of concentrated aqueous sodium bromide.

Positive electrode (anode):

Negative electrode (cathode):
e. Bromine reacts with aqueous sodium iodide.
Bra(aq) + 2Nal(aq) — Iz(aq) + 2NaBr(aq)
Identify the oxidizing agent in this reaction.

f.i. Define the term standard electrode potential, E e

f.ii. Draw a labelled diagram for the voltaic cell in which the following reaction occurs.

Mg(s) + Cu®*(aq) — Mg®* (aq) + Cu(s)
Include in your answer the direction of electron flow and the polarity of the electrodes.

f.iii.A student measures a voltage of 2.65 V in the voltaic cell formed between magnesium and copper half-cells using a digital voltmeter.

State the random uncertainty of this value, in V, and the number of significant figures in the answer.
Random uncertainty:

Significant figures:

f.iv.Outline how the student can reduce the random error in her results.

g. Determine the standard enthalpy change of formation, AHP, of NaCl(s), in kJ mol_l, using a Born-Haber cycle and tables 7, 10 and 13 of the

data booklet. The standard enthalpy change of atomization (standard enthalpy change of sublimation), AH;?, of Na(s) is +108 kJ mol .

Markscheme

(4]

(1]

(2]

(2]

(2]

(1]

)

(4]

(2]

(1]

(4]



a. CHy + Bry — CH3Br + HBr;

b.i.Initiation:

UV/hf/ho
Bro ———— 2Bre;

Reference to UV/light or high temperatures must be included.

Propagation:

Bre +CHy — CH3 ¢ +HBr;

CHj3 e +Brs — CH3Br + Bre;

Termination:

Award [1 max] for any one of:

Br e +Bre — Brs;

CH;3 e +Bre — CH3Br;

CH; e +CH3ze — CoHg;

Allow representation of radical without e (eg Br, C'H3) if consistent throughout mechanism.

Award [3 maxq] if initiation, propagation and termination are not stated or are incorrectly labelled for equations.

b.iimethanol/CH3; OH;

c. C-l bond is weaker than the C-Br bond so more easily broken;
C-l bond is longer than the C-Br bond / | larger than Br so bonding electrons not as tightly held / I™ is better leaving group than Br~;

d.i.Positive electrode (anode):

2Br~ — Bry(g) + 2¢ /Br~ — %Brz(g) +e;

Negative electrode (cathode):

Nat 4+ e~ — Na(l);

Award [1 max] for correct equations at incorrect electrodes.
Ignore state symbols.

Accept e instead of ™.

Penalize use of equilibrium signs once only.
d.iiPositive electrode (anode):

bromine/Brs;
Negative electrode (cathode):
hydrogen/Hs;

Allow sodium hydroxide/NaOH/hydroxide/O H ~ formation.
e. bromine/Br,;

Do not accept bromide/Br~—.

fi.

potential of reduction half-reaction under standard conditions measured relative to standard hydrogen electrode/SHE/potential under standard

conditions relative to standard hydrogen electrode/SHE;

Instead of standard state allow either solute concentration of 1'mol dm 3 or

100kPa,/1.00 x 10° Pa for gases.



Allow 1 bar for 100kPa,/1.00 x 10° Pa.
Allow 1 atm.

Allow voltage instead of potential.

direction of electron flow

f.ii. -
' .
\E_)
o salt bridge ®
Mg (s) Cu (s)
= -
Mg* (aq) Cu* (aq)

correct diagram including (voltmeter), 4 correct species (state symbols not required) and connecting wires;
No credit if wires to electrodes immersed in the solutions.

Accept ammeter/meter/lamp instead of voltmeter.

labelled salt bridge;

Accept an appropriate salt (name or formula) instead of salt bridge (eg, potassium nitrate).

correctly labelled electrodes as +/cathode and —-/anode;

flow of electrons from Mg to Cu in external circuit;
f.iii.Random uncertainty: (+) 0.01 (V);
Significant figures: 3;

f.ivrepeat readings and take an average / use more precise equipment;

g. atomization of chlorine = % bond enthalpy / % 243 / 121.5 (kJ mol ');

correct values for ionization Na (4496 kJ mol_l) and electron affinity Cl (—349 kJ mol_l)
and lattice enthalpy of NaCl (+790 kJ mol * / + 769 kJ mol 1)
Born-Haber energy cycle;

Accept lines or arrows in energy cycle.



Na“(g) + e+ Cl{q)

Na(g) + Cl(g)

&

__yNa'(g)+Cl (g)

Na(g) + Cl,(g)

Na(s)+3ClL,(g)]

NaCl(s)

¥

AHP (NaCl(s)) = —413.5 / — 413 / — 414 (kJ mol ');

Accept —392.5/ — 392/ — 393i f + 769 used for lattice enthalpy.

Award [4] for correct final answer.

Examiners report

a.

Candidates found it difficult to write the equation in (a) and the mechanisms in (b) (i) ranged from really good to no understanding. Many opined the
production of eH in the first propagation step. A significant number of candidates suggested a mechanism involving ions despite free radical begin
stated in the stem. Most were able to give methanol in (ii). Few scored full marks for (c); the answer needed to be thought through carefully. In (d)
the electrodes were often reversed or the equations unbalanced. Few understood the significance of the water present in the answers to (ji). A high
percentage of candidates gave the correct answer to (e) but (f) was poorly answered. Either the standard hydrogen electrode or standard
conditions were omitted in (i) and the standard of diagrams in (ii) was very poor indeed. Little care seemed to have been taken over their
presentation; it was not clear what, if anything, was in the beakers and electrode connections were shown actually in the solutions. In (i) some did
not notice that the voltmeter was digital but most gave the number of significant figures correctly. In (iv) many suggested repeated readings but few
stated that an average omitted must be taken. In (g), those who didn’t draw out the cycle tended to get the answer wrong. Examiners cannot give
part marks if they cannot work out what is being done. There was one mark for a correct Born-Haber cycle. Very few gained the mark for dividing

the chlorine value by 2.

.i.Candidates found it difficult to write the equation in (a) and the mechanisms in (b) (i) ranged from really good to no understanding. Many opined the

production of H in the first propagation step. A significant number of candidates suggested a mechanism involving ions despite free radical begin
stated in the stem. Most were able to give methanol in (ii). Few scored full marks for (c); the answer needed to be thought through carefully. In (d)
the electrodes were often reversed or the equations unbalanced. Few understood the significance of the water present in the answers to (ii). A high
percentage of candidates gave the correct answer to (e) but (f) was poorly answered. Either the standard hydrogen electrode or standard
conditions were omitted in (i) and the standard of diagrams in (ii) was very poor indeed. Little care seemed to have been taken over their

presentation; it was not clear what, if anything, was in the beakers and electrode connections were shown actually in the solutions. In (jii) some did



not notice that the voltmeter was digital but most gave the number of significant figures correctly. In (iv) many suggested repeated readings but few
stated that an average omitted must be taken. In (g), those who didn’t draw out the cycle tended to get the answer wrong. Examiners cannot give
part marks if they cannot work out what is being done. There was one mark for a correct Born-Haber cycle. Very few gained the mark for dividing

the chlorine value by 2.

b.iiCandidates found it difficult to write the equation in (a) and the mechanisms in (b) (i) ranged from really good to no understanding. Many opined the

production of H in the first propagation step. A significant number of candidates suggested a mechanism involving ions despite free radical begin
stated in the stem. Most were able to give methanol in (ii). Few scored full marks for (c); the answer needed to be thought through carefully. In (d)
the electrodes were often reversed or the equations unbalanced. Few understood the significance of the water present in the answers to (ii). A high
percentage of candidates gave the correct answer to (e) but (f) was poorly answered. Either the standard hydrogen electrode or standard
conditions were omitted in (i) and the standard of diagrams in (ii) was very poor indeed. Little care seemed to have been taken over their
presentation; it was not clear what, if anything, was in the beakers and electrode connections were shown actually in the solutions. In (jii) some did
not notice that the voltmeter was digital but most gave the number of significant figures correctly. In (iv) many suggested repeated readings but few
stated that an average omitted must be taken. In (g), those who didn’t draw out the cycle tended to get the answer wrong. Examiners cannot give
part marks if they cannot work out what is being done. There was one mark for a correct Born-Haber cycle. Very few gained the mark for dividing

the chlorine value by 2.

Candidates found it difficult to write the equation in (a) and the mechanisms in (b) (i) ranged from really good to no understanding. Many opined the
production of eH in the first propagation step. A significant number of candidates suggested a mechanism involving ions despite free radical begin
stated in the stem. Most were able to give methanol in (ii). Few scored full marks for (c); the answer needed to be thought through carefully. In (d)
the electrodes were often reversed or the equations unbalanced. Few understood the significance of the water present in the answers to (ji). A high
percentage of candidates gave the correct answer to (e) but (f) was poorly answered. Either the standard hydrogen electrode or standard
conditions were omitted in (i) and the standard of diagrams in (ii) was very poor indeed. Little care seemed to have been taken over their
presentation; it was not clear what, if anything, was in the beakers and electrode connections were shown actually in the solutions. In (i) some did
not notice that the voltmeter was digital but most gave the number of significant figures correctly. In (iv) many suggested repeated readings but few
stated that an average omitted must be taken. In (g), those who didn’t draw out the cycle tended to get the answer wrong. Examiners cannot give
part marks if they cannot work out what is being done. There was one mark for a correct Born-Haber cycle. Very few gained the mark for dividing

the chlorine value by 2.

.i.Candidates found it difficult to write the equation in (a) and the mechanisms in (b) (i) ranged from really good to no understanding. Many opined the

production of eH in the first propagation step. A significant number of candidates suggested a mechanism involving ions despite free radical begin
stated in the stem. Most were able to give methanol in (ii). Few scored full marks for (c); the answer needed to be thought through carefully. In (d)
the electrodes were often reversed or the equations unbalanced. Few understood the significance of the water present in the answers to (ii). A high
percentage of candidates gave the correct answer to (e) but (f) was poorly answered. Either the standard hydrogen electrode or standard
conditions were omitted in (i) and the standard of diagrams in (ii) was very poor indeed. Little care seemed to have been taken over their
presentation; it was not clear what, if anything, was in the beakers and electrode connections were shown actually in the solutions. In (jii) some did

not notice that the voltmeter was digital but most gave the number of significant figures correctly. In (iv) many suggested repeated readings but few



stated that an average omitted must be taken. In (g), those who didn’t draw out the cycle tended to get the answer wrong. Examiners cannot give
part marks if they cannot work out what is being done. There was one mark for a correct Born-Haber cycle. Very few gained the mark for dividing

the chlorine value by 2.

d.iiCandidates found it difficult to write the equation in (a) and the mechanisms in (b) (i) ranged from really good to no understanding. Many opined the

f.i.

production of eH in the first propagation step. A significant number of candidates suggested a mechanism involving ions despite free radical begin
stated in the stem. Most were able to give methanol in (ii). Few scored full marks for (c); the answer needed to be thought through carefully. In (d)
the electrodes were often reversed or the equations unbalanced. Few understood the significance of the water present in the answers to (ii). A high
percentage of candidates gave the correct answer to (e) but (f) was poorly answered. Either the standard hydrogen electrode or standard
conditions were omitted in (i) and the standard of diagrams in (ii) was very poor indeed. Little care seemed to have been taken over their
presentation; it was not clear what, if anything, was in the beakers and electrode connections were shown actually in the solutions. In (i) some did
not notice that the voltmeter was digital but most gave the number of significant figures correctly. In (iv) many suggested repeated readings but few
stated that an average omitted must be taken. In (g), those who didn’t draw out the cycle tended to get the answer wrong. Examiners cannot give
part marks if they cannot work out what is being done. There was one mark for a correct Born-Haber cycle. Very few gained the mark for dividing

the chlorine value by 2.

Candidates found it difficult to write the equation in (a) and the mechanisms in (b) (i) ranged from really good to no understanding. Many opined the
production of eH in the first propagation step. A significant number of candidates suggested a mechanism involving ions despite free radical begin
stated in the stem. Most were able to give methanol in (ii). Few scored full marks for (c); the answer needed to be thought through carefully. In (d)
the electrodes were often reversed or the equations unbalanced. Few understood the significance of the water present in the answers to (ii). A high
percentage of candidates gave the correct answer to (e) but (f) was poorly answered. Either the standard hydrogen electrode or standard
conditions were omitted in (i) and the standard of diagrams in (ii) was very poor indeed. Little care seemed to have been taken over their
presentation; it was not clear what, if anything, was in the beakers and electrode connections were shown actually in the solutions. In (jii) some did
not notice that the voltmeter was digital but most gave the number of significant figures correctly. In (iv) many suggested repeated readings but few
stated that an average omitted must be taken. In (g), those who didn’t draw out the cycle tended to get the answer wrong. Examiners cannot give
part marks if they cannot work out what is being done. There was one mark for a correct Born-Haber cycle. Very few gained the mark for dividing

the chlorine value by 2.

Candidates found it difficult to write the equation in (a) and the mechanisms in (b) (i) ranged from really good to no understanding. Many opined the
production of eH in the first propagation step. A significant number of candidates suggested a mechanism involving ions despite free radical begin
stated in the stem. Most were able to give methanol in (ii). Few scored full marks for (c); the answer needed to be thought through carefully. In (d)
the electrodes were often reversed or the equations unbalanced. Few understood the significance of the water present in the answers to (ji). A high
percentage of candidates gave the correct answer to (e) but (f) was poorly answered. Either the standard hydrogen electrode or standard
conditions were omitted in (i) and the standard of diagrams in (ii) was very poor indeed. Little care seemed to have been taken over their
presentation; it was not clear what, if anything, was in the beakers and electrode connections were shown actually in the solutions. In (i) some did

not notice that the voltmeter was digital but most gave the number of significant figures correctly. In (iv) many suggested repeated readings but few



stated that an average omitted must be taken. In (g), those who didn’t draw out the cycle tended to get the answer wrong. Examiners cannot give
part marks if they cannot work out what is being done. There was one mark for a correct Born-Haber cycle. Very few gained the mark for dividing

the chlorine value by 2.

fii

.Candidates found it difficult to write the equation in (a) and the mechanisms in (b) (i) ranged from really good to no understanding. Many opined the
production of eH in the first propagation step. A significant number of candidates suggested a mechanism involving ions despite free radical begin
stated in the stem. Most were able to give methanol in (ii). Few scored full marks for (c); the answer needed to be thought through carefully. In (d)
the electrodes were often reversed or the equations unbalanced. Few understood the significance of the water present in the answers to (ji). A high
percentage of candidates gave the correct answer to (e) but (f) was poorly answered. Either the standard hydrogen electrode or standard
conditions were omitted in (i) and the standard of diagrams in (ii) was very poor indeed. Little care seemed to have been taken over their
presentation; it was not clear what, if anything, was in the beakers and electrode connections were shown actually in the solutions. In (i) some did
not notice that the voltmeter was digital but most gave the number of significant figures correctly. In (iv) many suggested repeated readings but few
stated that an average omitted must be taken. In (g), those who didn’t draw out the cycle tended to get the answer wrong. Examiners cannot give
part marks if they cannot work out what is being done. There was one mark for a correct Born-Haber cycle. Very few gained the mark for dividing

the chlorine value by 2.

f.iii.Candidates found it difficult to write the equation in (a) and the mechanisms in (b) (i) ranged from really good to no understanding. Many opined the
production of eH in the first propagation step. A significant number of candidates suggested a mechanism involving ions despite free radical begin
stated in the stem. Most were able to give methanol in (ii). Few scored full marks for (c); the answer needed to be thought through carefully. In (d)
the electrodes were often reversed or the equations unbalanced. Few understood the significance of the water present in the answers to (ii). A high
percentage of candidates gave the correct answer to (e) but (f) was poorly answered. Either the standard hydrogen electrode or standard
conditions were omitted in (i) and the standard of diagrams in (ii) was very poor indeed. Little care seemed to have been taken over their
presentation; it was not clear what, if anything, was in the beakers and electrode connections were shown actually in the solutions. In (jii) some did
not notice that the voltmeter was digital but most gave the number of significant figures correctly. In (iv) many suggested repeated readings but few
stated that an average omitted must be taken. In (g), those who didn’t draw out the cycle tended to get the answer wrong. Examiners cannot give
part marks if they cannot work out what is being done. There was one mark for a correct Born-Haber cycle. Very few gained the mark for dividing

the chlorine value by 2.

f.iv.Candidates found it difficult to write the equation in (a) and the mechanisms in (b) (i) ranged from really good to no understanding. Many opined the
production of eH in the first propagation step. A significant number of candidates suggested a mechanism involving ions despite free radical begin
stated in the stem. Most were able to give methanol in (ii). Few scored full marks for (c); the answer needed to be thought through carefully. In (d)
the electrodes were often reversed or the equations unbalanced. Few understood the significance of the water present in the answers to (ji). A high
percentage of candidates gave the correct answer to (e) but (f) was poorly answered. Either the standard hydrogen electrode or standard
conditions were omitted in (i) and the standard of diagrams in (ii) was very poor indeed. Little care seemed to have been taken over their
presentation; it was not clear what, if anything, was in the beakers and electrode connections were shown actually in the solutions. In (jiii) some did

not notice that the voltmeter was digital but most gave the number of significant figures correctly. In (iv) many suggested repeated readings but few



stated that an average omitted must be taken. In (g), those who didn’t draw out the cycle tended to get the answer wrong. Examiners cannot give
part marks if they cannot work out what is being done. There was one mark for a correct Born-Haber cycle. Very few gained the mark for dividing

the chlorine value by 2.

g. Candidates found it difficult to write the equation in (a) and the mechanisms in (b) (i) ranged from really good to no understanding. Many opined the
production of eH in the first propagation step. A significant number of candidates suggested a mechanism involving ions despite free radical begin
stated in the stem. Most were able to give methanol in (ii). Few scored full marks for (c); the answer needed to be thought through carefully. In (d)
the electrodes were often reversed or the equations unbalanced. Few understood the significance of the water present in the answers to (ii). A high
percentage of candidates gave the correct answer to (e) but (f) was poorly answered. Either the standard hydrogen electrode or standard
conditions were omitted in (i) and the standard of diagrams in (ii) was very poor indeed. Little care seemed to have been taken over their
presentation; it was not clear what, if anything, was in the beakers and electrode connections were shown actually in the solutions. In (i) some did
not notice that the voltmeter was digital but most gave the number of significant figures correctly. In (iv) many suggested repeated readings but few
stated that an average omitted must be taken. In (g), those who didn’t draw out the cycle tended to get the answer wrong. Examiners cannot give
part marks if they cannot work out what is being done. There was one mark for a correct Born-Haber cycle. Very few gained the mark for dividing

the chlorine value by 2.

The pK, value for propanoic acid is given in Table 15 of the Data Booklet.

a.i. State the equation for the reaction of propanoic acid with water. [1]

a.iiCalculate the hydrogen ion concentration (in mol dm—?) of an aqueous solution of 0.100 mol dm 2 propanoic acid. [2]

b. The graph below shows a computer simulation of a titration of 25.0 cm? of 0.100 mol dm ™3 hydrochloric acid with 0.100 mol dm 3 sodium  [3]

hydroxide and the pH range of phenol red indicator.

140
120 L —
100 |
red
8.0 —}indicator range
pPH g0 [ yellow

40 |

2.0 —’/,/

0 L0

0 5 10 15 20 25 30 35 40 45 50
Volume of 0.100 mol dm~ NaOH (aq) added / cm’

Sketch the graph that would be obtained for the titration of 25.0 cm? of 0.100 mol dm 2 propanoic acid with 0.100 mol dm 2 potassium
hydroxide using bromophenol blue as an indicator. (The pH range of bromophenol blue can be found in Table 16 of the Data Booklet).
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pH 60
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0 | ] ] ] | ] ] ] | |
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Markscheme

a.i.CH;CH,COOH + H,0 = CH3;CH,COO~ +H;0"/
CH;CH,COOH = CH3;CH,COOH™ +H";
= required for mark.
a.ii(p K, for propanoic acid = 4.87)
[H]* = 0.100 x K,;
[H'] = 1.16 x 10® (mol dm~3);
b. sketch to show:

14.0~

120~ /———
10.0

half-equivalence

80 .
pH point

sor ¥ _,/-/ blue

4.0 } indicator range

yellow

2.0

0 | I | I
0 5 10 15 20 25 30 35 40 45 30
Volume of 0.100 mol dm—=3KOH added / cm?

indicator range between pH 3.0 and pH 4.6 (with “yellow” at pH 3.0 and “blue” at pH 4.6);

initial pH of acid at 2.9 + 1.0 (when no KOH has been added);

half-equivalence point (does not need to be named) at pH 4.9 when 12.5 cm?® of KOH have been added;
equivalence point at approx pH 8.5 — 9.0 when 25.0 cm® of KOH(aq) added;

upper part of curve from 25.0 — 50.0 cm?® added identical to original curve;

Award [1] each for any three points.

Examiners report

a.i. The equation of propanoic acid with water was problematic for many candidates who omitted the equilibrium arrow (ﬁ) in part (a)(i). Although

candidates were referred to the Data Booklet, some candidates did not know the formula of propanoic acid.



a.ii.Part (a)(ii) was answered well by about half the candidates.

b. Part (b) also caused difficulties, with many candidates scoring only the mark for showing the pH range of bromophenol blue. Some candidates
were thrown by the choice of indicator and selected a more appropriate indicator for these reagents. It is important to answer the question on the
paper as the indicator was deliberately chosen to be different to the indicator used in the example. Graphs were generally badly and roughly
drawn. Even candidates who had correctly calculated [H*] in part (a) often did not start the graph at the correct pH. Most graphs finished too low
at a pH of 10 or less, and the vertical part of the graph was frequently at a volume less than 25 cm?®. Rarely did a candidate get the half-

equivalence value correct.

Consider the structure and bonding in MgCls and PCls.

For each of the species PBr3 and SFg:

b.i.State and explain the difference in the electrical conductivity in the liquid state of the two chlorides. [3]

c. () deduce the Lewis structure. [8]

(i)  predict the shape and bond angle.

(iliy  predict and explain the molecular polarity.



PBr,

SF,

(i) Lewis structure:

(i1) Shape:

(1) Lewis structure:

(i) Shape:

Bond angle:

(111) Polarity:

Explanation:

d.i.Compare the formation of sigma (¢) and pi (7) bonds between the carbon atoms in a molecule of ethyne.

Markscheme

b.i. MgCls conducts and PCl; does not;

MgCl; ionic and PCl; covalent/molecular/(consists of) molecules;

Award [1 max] for MgCl> conducts and ionic.

Award [1 max] for PCls does not conduct and covalent/molecular/(consists of molecules).

ions can move in liquid (in MgCly) / OWTTE;

(2]



c. FPBr, SF;

(1) Lewis structure: (1) Lewis structure:

:Br P—Br: . Fr

aw aw . F . | N Fo:

:Br: - \‘_E;/ N

Allow x s, dots or lines to represent Wk S
electrons. b
Penalize missing lone pairs on Allow x5, dots or lines to represent
terminal atoms once only for the electrons.
two Lewis structures. Penalize missing lone pairs on

terminal atoms once only for the two
Lewis structures.

(1) Shape: (i) Shape:
trigonal/tnangular pyramidal; octahedral;
Bond angle: Bond angle:
less than 109.5 ; 00 :
Allow any angle less than 109.5 Ignore extra correct bond angles
but greater than or equal to 100 (e.g. 90 and 180 scores but not
(experimental value is 101 ). Q0 and 120 ).
(11) Polarity: (1) Polarity:
polar non-polar
and and
Explanation: Explanation:
net dipole (moment) / polar PBr no net dipole (moment) / polar SF
bonds and molecule not- bonds but molecule symmetrical /
symmetrical / bond dipoles do not bond dipoles cancel / symmetric
cancel / asymmetric distribution of distribution of electron cloud /
electron cloud / OWTTE:
P
B t\ﬂ " OWTIE:
- Br

Do not allow ECF in this question from incorrect Lewis structure.
Allow [1 max] for stating that PBr is polar and SFg is non-polar without giving a reason or if explanations are incorrect.
Allow polar bonds do not cancel for PBrz and polar bonds cancel for SFg.
Do not allow asymmetric molecule as reason for PBrs or symmetric molecule for SFg as reason alone.
d.i.o bond:
end-on/axial overlap with electron density between the two carbon atoms/nuclei / end-on/axial overlap of orbitals so shared electrons are between
atoms / OWTTE;
T bond:

sideways/parallel overlap of p orbitals with electron density above and below internuclear axis/a bond / sideways/parallel overlap of p orbitals so
shared electrons are above and below internuclear axis/o bond / OWTTE;

Marks can be scored from a suitable diagram.

Award [1 max] for stating end-on/axial overlap for o and sideways/parallel overlap for  only i.e. without mentioning electron density OR stating
electron density between the two atoms/nuclei for o and above and below internuclear axis for .

Opx0e
e P



Examiners report

b.i.This was usually well answered.

c. The Lewis structures were usually well drawn but some omitted the lone pairs. The shapes were also usually correct, though some stated that the
shape of PBrj is tetrahedral which is incorrect. The electron domain geometry of PBrsj is tetrahedral as there are four negative charge centres or
four electron domains, but the molecular geometry and hence the shape is trigonal/triangular pyramidal. It is worth emphasising this difference
between electron domain geometry and molecular geometry in discussions of shape in VSEPR Theory. As regards the bond angles, a few forgot
the fact that the lone pair on the P occupies more space and hence the angle drops below 109.5 degrees. Many simply wrote 107 degrees, which
is the bond angle in ammonia. An important point to make here is that every trigonal pyramidal geometry does not have a bond angle equivalent to
that of ammonia, 107 degrees, which is a point often misunderstood by candidates. In fact, many factors can come into play here including lone
pairs and electronegativity considerations. In fact, the experimental bond angle for PBr3 is 101 degrees and candidates would have scored the
mark if they gave any value in the range 100 to less than 109.5 degrees. Candidates are not required to know experimental values but should not
make sweeping conclusions that all trigonal pyramidal geometries have 107 degree bond angles, which certainly is not the case. For SFg, 90 and
120 bond angles were often incorrectly given. The most disappointing part of this sub-section however was the poor explanations of polarity. Some
of the top candidates did however give complete explanations and referred to the polar PBr bonds and the fact that as the molecule is not
symmetrical there is an asymmetric distribution of the electron cloud. It was nice to see vectorial addition of bond dipoles supporting this type of
explanation resulting in a clearly defined and drawn net dipole moment in the case of PBrj leading to its polar nature and similar arguments and

drawings in the case of the non-polar of SF.

d.i.Very few candidates scored both marks on sigma and pi bonds.

Esters and amides can be produced by condensation reactions.
Under certain conditions but-2-ene can react with water to form butan-2-ol.

a.i. State the names of two organic compounds required to produce ethyl methanoate and state suitable reaction conditions. [2]

a.ii.Deduce the structure of the simplest repeating unit of the polymer formed from the reaction between 1,6-diaminohexane and hexane-1,6-dioic  [3]

acid and state one use of this product.

b.iiiState and explain how the rate of step Il would differ if 2-chlorobutane was used instead of 2-bromobutane. [1]

Markscheme

a.i.ethanol and methanoic acid/methanoic anhydride/methanoy! chloride;

H2SO4/H+ and heat;



a-ii+T—(CH2}6—N—C—(CH2}4—C+
H

ol |
H 0] O
Award [1] for the correct amide link.

Award [1] if the rest of the structure is correct.

nylon fabric / clothing / ropes;

b.iislower rate because carbon to chlorine bond stronger than carbon to bromine bond / OWTTE;

Examiners report

a.i.In part (a) most candidates correctly named both compounds but did not state both the catalyst and heat as necessary conditions for the

production of ethyl methanoate.
a.ii.Several candidates had difficulty in deducing the structure of the simplest repeating unit but most knew the uses of the product.

b.iiiAssessment statements 10.6 and 20.5 state that reagents, conditions and equations are required. Most candidates correctly explained the effect of

chlorine rather than bromine on the rate of the substitution reaction.

In an experiment conducted at 25.0 °C, the initial concentration of propanoic acid and methanol were 1.6 mol dm~ and 2.0 mol dm—3 respectively.

Once equilibrium was established, a sample of the mixture was removed and analysed. It was found to contain 0.80 mol dm 3 of compound X.

a. Two compounds, A and D, each have the formula C4HyCL [5]

Compound A is reacted with dilute aqueous sodium hydroxide to produce compound B with a formula of C4H1¢9O. Compound B is then
oxidized with acidified potassium

manganate(VIl) to produce compound C with a formula of C4HgO. Compound C resists further oxidation by acidified potassium
manganate(VIl).

Compound D is reacted with dilute aqueous sodium hydroxide to produce compound E with a formula of C4H190O. Compound E does not
react with acidified potassium manganate(VIl).

Deduce the structural formulas for compounds A, B, C, D and E.

A:

m o Qo

b. Deduce an equation for the reaction between propanoic acid and methanol. Identify the catalyst and state the name of the organic compound, [4]

X, formed.
c.i. Calculate the concentrations of the other three species present at equilibrium. [3]

c.ii.State the equilibrium constant expression, K., and calculate the equilibrium constant for this reaction at 25.0 °C. [2]



d.i.2-chloro-3-methylbutane reacts with sodium hydroxide via an Sx2 mechanism. Explain the mechanism by using curly arrows to represent the  [4]

movement of electron pairs.
d.iiExplain why the hydroxide ion is a better nucleophile than water. [2]

d.iiil-chlorobutane can be converted to a pentylamine via a two stage process. Deduce equations for each step of this conversion including any [5]

catalyst required and name the organic product produced at each stage.

Markscheme

a A: H H H B: H H H
H—li_é—l:_cl H_i_i_l ___OH
H— l —H H—l __H
C: H o H ) D: H
Ll u -
L b O i
7N\ J:
H H HC—cC¢—cl -
H— l —H
E: H
H— i —H
H
il 4 on
H— IJ: —H
Accept condensed formulas.
Award [1 max] if A and D are other way round (and nothing else correct).
Award [2 max] if A and D are other way round but one substitution product B or E is correct based on initial choice of A and D.
Award [3 max] if A and D are other way round but both substitution products B and E are correct based on initial choice of A and D.
M2 (for B) and M5 (for E) may also be scored for substitution product if primary chloroalkane used.
Penalize missing hydrogens once only in Q.7.
b CH3CH>;COOH + CH30H = CH3CH,COOCH3 + HsO

[1] for reactants and [1] for products.
(concentrated) sulfuric acid/HaSOy;

Do not accept just H™ or acid.



methyl propanoate;
C.i.[CH3CH,>COOH]:

(1.6 — 0.80 =) 0.8 (moldm3);
[CH5OH]:

(2.0 — 0.80 =) 1.2 (moldm~3);
[H0):

0.80 (mol dm3);

[CH;CH,COOCH;][H,0]
[CH;CH,COOH][CH,0H] ’

(050 ,
(KC ~ T12x0.8)] _) 0.7;

Allow 0.67.

ci(K. =)

Award [1 max] for 0.83.
d.i.curly arrow going from lone pair/negative charge on O in HO™ to C;

Do not allow curly arrow originating on Hin HO™.

curly arrow showing Cl leaving;

Accept curly arrow either going from bond between C and ClI to Cl in 2-chloro-3-methylbutane or in the transition state.
representation of transition state showing negative charge, square brackets and partial bonds;

Do not penalize if HO and Cl are not at 180° to each other.

Do not award M3 if OH ---- C bond is represented.

formation of organic product 3-methylbutan-2-ol and Cl™;
d.ilOH™ has a negative charge/higher electron density;

greater attraction to the carbon atom (with the partial positive charge) / OWTTE;

Do not allow just greater attraction.

d.iiCH;CH,CH,CH,Cl + KCN — CH3;CH,CH,CH,CN + KCI,;
Accept CN~ for KCN and CIl~ for KCI.
pentanenitrile;
Allow 1-cyanobutane.
CHgCHQCHQCHQCN + 2H2 — CH3CHQCH2CHQCH2NH2;
pentan-1-amine / 1-aminopentane / 1-pentylamine / 1-pentanamine;
Catalyst: nickel/Ni / palladium/Pd / platinum/Pt;

Penalise missing hydrogen once only in Q.7.

Examiners report

a. This was the least popular question in Section B. Most candidates either scored all five marks in (a) or just one.
b. (b) was usually well done, though it was disappointing that more candidates did not use the equilibrium sign.

c.i.In (c), a significant number of candidates omitted water from the equilibrium calculations.



c.iiln (c), a significant number of candidates omitted water from the equilibrium calculations.

d.i.The organic reaction mechanism in (d) (i) was very poorly presented. Many even tried drawing curly arrows from NaOH as an attacking species. The

majority could identify the product of the reaction but a mechanism was far beyond them. Transition states were poor or missing completely.
d.iiln (ii) although many knew that OH ™ has a negative charge, few linked this to the greater attraction to the carbon atom.

d.iiiln (iii) very few candidates did well here and the name of pentan-1-amine was rarely given. Other mistakes included incorrect catalysts. Further
common mistakes included some candidates not including all the hydrogens in the structural formulas. In general for this part there was very poor
knowledge of organic synthesis amongst candidates. Very few had a good “stab” at this question. The fact that pentylamine was mentioned in the

question initially meant that very few candidates accessed the last mark for the name of the product.

Two students were asked to use information from the Data Booklet to calculate a value for the enthalpy of hydrogenation of ethene to form ethane.

CoHy(g) + Ha(g) — CoHg(g)

John used the average bond enthalpies from Table 10. Marit used the values of enthalpies of combustion from Table 12.

b. Determine the value for the enthalpy of hydrogenation of ethene using the values for the enthalpies of combustion of ethene, hydrogen and [2]

ethane given in Table 12.

C. Suggest one reason why John'’s answer is slightly less accurate than Marit’s answer and calculate the percentage difference. [2]

Markscheme

b. AH = —1411 + (—286) — (—1560) / correct energy cycle drawn;

= —137kJmol};

Award [1 max] for incorrect or missing sign.

c. the actual values for the specific bonds may be different to the average values / the combustion values referred to the specific compounds /

OWTTE;
(percentage difference) = (1371—;7125) x 100 = 8.76%;
Accept B2 100 = 9.60%.

Examiners report

b. In part (b) the formula involving enthalpies of formation was often used instead of a correct enthalpy cycle for the combustion. This caused the

majority of candidates to score half marks for these questions.



c. Afew candidates could suggest a reason why one answer was slightly less accurate than the other in part (c). Most could correctly calculate the
percentage difference. Surprisingly, several candidates calculated part (a) correctly and part (b) incorrectly, and then determined a percentage

difference of more than 200% without seeming to notice that this does not reflect two slightly different answers.

An acidic sample of a waste solution containing Sn?*(aq) reacted completely with K,Cr,05 solution to form Sn**(aq).

a.vldentify one organic functional group that can react with acidified K,Cr,O-(aq). [1]

b.i.Corrosion of iron is similar to the processes that occur in a voltaic cell. The initial steps involve the following half-equations: [1]

Fe?*(aq) + 2~ = Fe(s)

305(9) + HoO() + 2e” = 20H(aq)

Calculate E®, in V, for the spontaneous reaction using section 24 of the data booklet.

b.iiCalculate the Gibbs free energy, AG®, in kJ, which is released by the corrosion of 1 mole of iron. Use section 1 of the data booklet. [2]
b.iiExplain why iron forms many different coloured complex ions. [3]
c. Zinc is used to galvanize iron pipes, forming a protective coating. Outline how this process prevents corrosion of the iron pipes. 1]

Markscheme

a.v.hydroxyl/OH
OR

aldehyde/CHO

Accept “hydroxy/alcohol” for “hydroxy!”.
Accept amino/amine/NH..

[1 mark]

b.i.<E® =» +0.85 «V»

Accept 0.85 V.

[1 mark]
b.ii AG® «= —nFE®» = -2 «mol e™» x 96500 «C mol~'» x 0.85 «V»

«AGP =» =164 «kd»

Accept “«+»164 «kJ»" as question states energy released.
Award [1 max] for “+” or “~=” 82 «kJ>.

Do not accept answer in J.



[2 marks]
b.iiincompletely filled d-orbitals

colour depends upon the energy difference between the split d-orbitals
variable/multiple/different oxidation states
different «nature/identity of» ligands
different number of ligands
[3 marks]
c. Zn/zinc is a stronger reducing agent than Fe/iron
OR
Zn/zinc is oxidized instead of Fe/iron
OR

Zn/zinc is the sacrificial anode

Accept “Zn is more reactive than Fe”.
Accept “Zn oxide layer limits further corrosion”.
Do not accept “Zn layer limits further corrosion”.

[1 mark]

Examiners report

anVA

But-2-ene is a straight-chain alkene with formula C4Hg. The molecule contains both o and 7 bonds.

The polymerization of the alkenes is one of the most significant reactions of the twentieth century.

a. () Explain the formation of the 7 bond.

(3]



(i)  For each of the carbon atoms, C(1) and C(2), identify the type of hybridization shown.

But-2-ene shows geometrical isomerism. Draw the structural formula and state the name of the other geometrical isomer.

Identify the structural formula of an isomer of but-2-ene which does not decolourize bromine water, Bry(aq).

. ()  Outline two reasons why the polymers of the alkenes are of economic importance.

(i) State the type of polymerization reaction shown by the alkene in part (a).
(iliy  Deduce the structure of the resulting polymer showing three repeating units.

(iv)  Explain why monomers are often gases or volatile liquids, but polymers are solids.

Markscheme

a.

d.

() (bond formed by) sideways overlap;

(of) p orbitals;
Marks awarded either from sketch or from explanation.

(i) C()is sp®and C(2) is sp?;

HyC CH;

cis but-2-ene/Z-but-2-ene;
H
F\ HQF—CHQ

CH ! | ?
HQF_FHQ

H,C
CH;
() synthesis of materials not naturally available/plastics;

chemically unreactive materials produced,;
wide range of uses/physical properties / versatile;
cheap;
large industry;
uses a limited natural resource;
Award [2] for any two.
(i) addition;
Hy CHy CHy CHy CHy CH,

@iy —C—(C—C—C—C—(C—;

A R
H H

H H H H

Must show continuation bonds.

Ignore bracket around the 6 carbons.

(2]

(1]

(6]



Must have 6 carbons joined to each other along chain.

(iv) monomers are smaller molecules / have smaller surface area than polymers;
Accept monomers have lower molecular mass.

with weaker intermolecular/Van der Waals’/London/dispersion forces;

Accept opposite argument for polymers.

Examiners report

a. This question was generally well answered and many high scores were seen. Most candidates were able to explain the formation of = bonds in (a)

and identify the type of hybridization present.
b. Many candidates drew structures which were not geometric isomers in (b) with but-1-ene a common incorrect answer.

c. In(c) only the best candidates were able to identify a cycloalkane as a saturated isomer and it was fairly common to find structures that included

double bonds despite the guidance in the question.

d. The economic importance of addition polymers was well known in (d) with most candidates stating that they were plastics with versatile properties
and low cost.

Addition polymerisation was well recalled but a large number of candidates made mistakes with the structure of the polymer. Continuation bonds,
for example, were often missing from the ends. Many understood in terms of molecular size, why polymers have higher boiling points than
monomers but not all correctly attributed it to the stronger van der Waals forces between the molecules.

Some reactions of but-2-ene are given below.

Poly(but-2-ene)
A
Br(l) concentrated H SO,
Compound A 2 H,C—CH=CH—CH, .00 = (C,H,OH
in the absence But-2-ene 2 Compound C
of UV
HBr
Y
H,C=—=CHBr—CH,=—CH,
Compound B

But-2-ene can exist as two geometrical isomers. Cis-trans is a form of stereoisomerism.
a.i. Deduce the full structural formula of compound A. 1]
a.ii.Apply IUPAC rules to name compound A. [1]

a.iiiDescribe the colour change observed when excess but-2-ene reacts with bromine to form compound A. [1]



b. () Outline two reasons why the polymerization of alkenes is of economic importance. (3l

(i)  Identify the structure of the repeating unit of poly(but-2-ene).

c.i.Compound €, C4HygOH, can also be formed by reacting compound B, CHsCHBrCH>CH3, with aqueous potassium hydroxide. This reaction [4]

proceeds by both Sx1 and Sy2 mechanisms. Explain the Sx2 mechanism, using curly arrows to represent the movement of electron pairs.

c.iiExplain why the hydroxide ion is a better nucleophile than water. [2]

e. Compound C, C4HygOH, can be oxidized by acidified potassium dichromate(VI) to form compound F. [2]

() State the name of the functional group present in compound F.

(i)  Deduce the structural formula of an alcohol which is a structural isomer of compound C and cannot be oxidized by acidified potassium
dichromate(VI).

f.  Explain why but-2-ene is more volatile than compound C. 2]
g. Deduce the equation for the complete combustion of compound C. [1]
h.i. Define the term stereoisomers. [1]
h.ii.State the conditions needed for a compound to show cis-trans. [2]
h.iiiDraw the structures of the two geometrical isomers of but-2-ene, clearly identifying each as cis or trans. [2]

Markscheme
a.i. | ‘ | |

Accept bromine atoms cis to each other.
a.ii2,3-dibromobutane;

Do not penalize the incorrect use of spaces, comma or hyphen.
a.iiired/brown/orange/yellow to colourless/decolourized;

Do not accept clear.

Do not accept just “decolorized”.



b. () (synthesis of) plastics/polymers/organic materials not naturally available / synthetic materials;

wide range of uses/physical properties / versatile;

large industry / many tons of plastics consumed by society / OWTTE;
Do not accept “useful” for M2.

Award [1 max] if specific addition polymer and its use is given.

Penalize reference to condensation polymers once only.
(ii) 'C|1 "‘T ;
L CH; CHj J n

Ignore n.

Brackets are not required for the mark, but continuation bonds are.

Do not penalize if methyl groups are trans to each other.

.. HO: \GHzCHﬂ' THzCHa THzCHs
CLy — |HO~C=Br| ——*> _C__ *+ Br
e [ Br /N Ho |
H CH3 H CH

curly arrow going from lone pair/negative charge on O in HO™ to C;

Do not accept curly arrow originating on Hin HO™.

curly arrow showing Br leaving;

Accept curly arrow either going from bond between C and Br to Br in 2-bromobutane or in the transition state.
Accept if arrow goes from C-Br bond to/or beyond Br.

representation of transition state showing negative charge, square brackets and partial bonds;

Do not penalize if HO and Br are not at 180° to each other.

Do not award M3 if OH----C bond is represented.

formation of organic product CHsCHOHCH;CH; and KBr/Br—;

c.iilOH™ has a negative charge/higher electron density;

stronger attraction to the carbon atom with the partial positive charge / OWTTE;
Do not accept just stronger attraction.

Reference to carbon atom needed for M2.
e. () carbonyl;

Accept ketone.
H CHs; H

(i) H—C—C—C—H;

H OH H

Accept condensed or full structural formula.
f.  hydrogen bonding in compound C;

dipole-dipole forces in C / C is more polar;

C has greater molar mass/more dispersion/London/instantaneous induced dipole-induced dipole forces/van der Waal forces;



Accept converse argument.

Award [1 max] for stronger intermolecular forces.
9. C4HyOH(1) + 605(g) — 4CO04(g) + 5H20(1);
Ignore state symbols.
h.i.compounds with the same structural formula and different arrangement in space/3D structures;

Accept molecular formula instead of structural formula.

Do not accept “similar” instead of “same”.
h.iirestricted rotation around a (double) bond;

carbon atoms of the C=C/carbon-carbon double bond (in alkene)/carbon atoms of the C—-C/carbon-carbon single bond (in cycloalkane) must have
two different atoms/groups of atoms / OWTTE;

Do not accept “functional groups” for “groups of atoms” in M2.

h.iii'.c!ia CHs Chs H
cC—=C and C—
/ 0\ / \
H H H CH;
cis and trans ;

Award [1 max] if cis and trans isomers are correctly drawn and identified for alkene other than but-2-ene.

Award [1 max] if student draws and labels one structure correctly but not the other.

Examiners report

a.i. Most candidates were able to give the full structural formula but marks were lost by some as they gave the condensed formula rather than the full
structural formula as demanded by the question. Most were able to apply IUPAC rules and name A but some omitted the “di” from dibromobutane.
The colour change observed when but-2-ene reacts with bromine was well known, but knowledge of the economic importance of the
polymerisation of alkenes was limited with many candidates restricting their answers to identifying specific plastics such a polythene. Many
responses included incorrect references to nylon and margarine. Most candidates were able to identify the repeating unit of poly(but-2-ene). The
explanation of the Sy2 mechanism was more successful than in previous sessions although a common error was a curly arrow originating from the
hydrogen atom in the hydroxide ion rather than the oxygen. Most candidates were able to explain the higher reactivity of the hydroxide ion
compared to the water molecule in terms of charge but only a minority referred to the attraction between the nucleophile and low electron density
of the carbon atom. The naming of 2-methylbutanenitrile was generally well done although small errors were accepted and the reagents needed for
the hydrogenation of 2-methylbutanenitrile were also generally known. A number of candidates omitted the branching methyl group in the amide
formed with ethanoic acid and confused aldehydes with ketone and only a small minority referred to the carbonyl group. Most candidates identified
only hydrogen bonds in compound C and did not refer to the dipole-dipole forces or van der Waals’ forces also present or explicitly compare the
relative strength of the different intermolecular forces in the two molecules. Some incorrectly referred to covalent bonding in their explanation. The
equation for the complete combustion of compound C was generally well known. The term stereoisomer was well understood but many

candidates did not refer to the restricted rotation around a double bond. Most candidates were able draw the structures of cis and trans but-2-ene.



a.iiMost candidates were able to give the full structural formula but marks were lost by some as they gave the condensed formula rather than the full

structural formula as demanded by the question. Most were able to apply IUPAC rules and name A but some omitted the “di” from dibromobutane.
The colour change observed when but-2-ene reacts with bromine was well known, but knowledge of the economic importance of the
polymerisation of alkenes was limited with many candidates restricting their answers to identifying specific plastics such a polythene. Many
responses included incorrect references to nylon and margarine. Most candidates were able to identify the repeating unit of poly(but-2-ene). The
explanation of the Sx2 mechanism was more successful than in previous sessions although a common error was a curly arrow originating from the
hydrogen atom in the hydroxide ion rather than the oxygen. Most candidates were able to explain the higher reactivity of the hydroxide ion
compared to the water molecule in terms of charge but only a minority referred to the attraction between the nucleophile and low electron density
of the carbon atom. The naming of 2-methylbutanenitrile was generally well done although small errors were accepted and the reagents needed for
the hydrogenation of 2-methylbutanenitrile were also generally known. A number of candidates omitted the branching methyl group in the amide
formed with ethanoic acid and confused aldehydes with ketone and only a small minority referred to the carbonyl group. Most candidates identified
only hydrogen bonds in compound C and did not refer to the dipole-dipole forces or van der Waals’ forces also present or explicitly compare the
relative strength of the different intermolecular forces in the two molecules. Some incorrectly referred to covalent bonding in their explanation. The
equation for the complete combustion of compound C was generally well known. The term stereoisomer was well understood but many

candidates did not refer to the restricted rotation around a double bond. Most candidates were able draw the structures of cis and trans but-2-ene.

a.iiiMost candidates were able to give the full structural formula but marks were lost by some as they gave the condensed formula rather than the full

structural formula as demanded by the question. Most were able to apply IUPAC rules and name A but some omitted the “di” from dibromobutane.
The colour change observed when but-2-ene reacts with bromine was well known, but knowledge of the economic importance of the
polymerisation of alkenes was limited with many candidates restricting their answers to identifying specific plastics such a polythene. Many
responses included incorrect references to nylon and margarine. Most candidates were able to identify the repeating unit of poly(but-2-ene). The
explanation of the Sx2 mechanism was more successful than in previous sessions although a common error was a curly arrow originating from the
hydrogen atom in the hydroxide ion rather than the oxygen. Most candidates were able to explain the higher reactivity of the hydroxide ion
compared to the water molecule in terms of charge but only a minority referred to the attraction between the nucleophile and low electron density
of the carbon atom. The naming of 2-methylbutanenitrile was generally well done although small errors were accepted and the reagents needed for
the hydrogenation of 2-methylbutanenitrile were also generally known. A number of candidates omitted the branching methyl group in the amide
formed with ethanoic acid and confused aldehydes with ketone and only a small minority referred to the carbonyl group. Most candidates identified
only hydrogen bonds in compound C and did not refer to the dipole-dipole forces or van der Waals’ forces also present or explicitly compare the
relative strength of the different intermolecular forces in the two molecules. Some incorrectly referred to covalent bonding in their explanation. The
equation for the complete combustion of compound C was generally well known. The term stereoisomer was well understood but many

candidates did not refer to the restricted rotation around a double bond. Most candidates were able draw the structures of cis and trans but-2-ene.

. Most candidates were able to give the full structural formula but marks were lost by some as they gave the condensed formula rather than the full
structural formula as demanded by the question. Most were able to apply IUPAC rules and name A but some omitted the “di” from dibromobutane.
The colour change observed when but-2-ene reacts with bromine was well known, but knowledge of the economic importance of the

polymerisation of alkenes was limited with many candidates restricting their answers to identifying specific plastics such a polythene. Many



responses included incorrect references to nylon and margarine. Most candidates were able to identify the repeating unit of poly(but-2-ene). The
explanation of the Sx2 mechanism was more successful than in previous sessions although a common error was a curly arrow originating from the
hydrogen atom in the hydroxide ion rather than the oxygen. Most candidates were able to explain the higher reactivity of the hydroxide ion
compared to the water molecule in terms of charge but only a minority referred to the attraction between the nucleophile and low electron density
of the carbon atom. The naming of 2-methylbutanenitrile was generally well done although small errors were accepted and the reagents needed for
the hydrogenation of 2-methylbutanenitrile were also generally known. A number of candidates omitted the branching methyl group in the amide
formed with ethanoic acid and confused aldehydes with ketone and only a small minority referred to the carbonyl group. Most candidates identified
only hydrogen bonds in compound C and did not refer to the dipole-dipole forces or van der Waals’ forces also present or explicitly compare the
relative strength of the different intermolecular forces in the two molecules. Some incorrectly referred to covalent bonding in their explanation. The
equation for the complete combustion of compound C was generally well known. The term stereoisomer was well understood but many

candidates did not refer to the restricted rotation around a double bond. Most candidates were able draw the structures of cis and trans but-2-ene.

c.i.Most candidates were able to give the full structural formula but marks were lost by some as they gave the condensed formula rather than the full
structural formula as demanded by the question. Most were able to apply IUPAC rules and name A but some omitted the “di” from dibromobutane.
The colour change observed when but-2-ene reacts with bromine was well known, but knowledge of the economic importance of the
polymerisation of alkenes was limited with many candidates restricting their answers to identifying specific plastics such a polythene. Many
responses included incorrect references to nylon and margarine. Most candidates were able to identify the repeating unit of poly(but-2-ene). The
explanation of the Sy2 mechanism was more successful than in previous sessions although a common error was a curly arrow originating from the
hydrogen atom in the hydroxide ion rather than the oxygen. Most candidates were able to explain the higher reactivity of the hydroxide ion
compared to the water molecule in terms of charge but only a minority referred to the attraction between the nucleophile and low electron density
of the carbon atom. The naming of 2-methylbutanenitrile was generally well done although small errors were accepted and the reagents needed for
the hydrogenation of 2-methylbutanenitrile were also generally known. A number of candidates omitted the branching methyl group in the amide
formed with ethanoic acid and confused aldehydes with ketone and only a small minority referred to the carbonyl group. Most candidates identified
only hydrogen bonds in compound C and did not refer to the dipole-dipole forces or van der Waals’ forces also present or explicitly compare the
relative strength of the different intermolecular forces in the two molecules. Some incorrectly referred to covalent bonding in their explanation. The
equation for the complete combustion of compound C was generally well known. The term stereoisomer was well understood but many

candidates did not refer to the restricted rotation around a double bond. Most candidates were able draw the structures of cis and trans but-2-ene.

c.ii.;Most candidates were able to give the full structural formula but marks were lost by some as they gave the condensed formula rather than the full
structural formula as demanded by the question. Most were able to apply IUPAC rules and name A but some omitted the “di” from dibromobutane.
The colour change observed when but-2-ene reacts with bromine was well known, but knowledge of the economic importance of the
polymerisation of alkenes was limited with many candidates restricting their answers to identifying specific plastics such a polythene. Many
responses included incorrect references to nylon and margarine. Most candidates were able to identify the repeating unit of poly(but-2-ene). The
explanation of the Sx2 mechanism was more successful than in previous sessions although a common error was a curly arrow originating from the
hydrogen atom in the hydroxide ion rather than the oxygen. Most candidates were able to explain the higher reactivity of the hydroxide ion

compared to the water molecule in terms of charge but only a minority referred to the attraction between the nucleophile and low electron density



of the carbon atom. The naming of 2-methylbutanenitrile was generally well done although small errors were accepted and the reagents needed for
the hydrogenation of 2-methylbutanenitrile were also generally known. A number of candidates omitted the branching methyl group in the amide
formed with ethanoic acid and confused aldehydes with ketone and only a small minority referred to the carbonyl group. Most candidates identified
only hydrogen bonds in compound C and did not refer to the dipole-dipole forces or van der Waals’ forces also present or explicitly compare the
relative strength of the different intermolecular forces in the two molecules. Some incorrectly referred to covalent bonding in their explanation. The
equation for the complete combustion of compound C was generally well known. The term stereoisomer was well understood but many

candidates did not refer to the restricted rotation around a double bond. Most candidates were able draw the structures of cis and trans but-2-ene.

. Most candidates were able to give the full structural formula but marks were lost by some as they gave the condensed formula rather than the full
structural formula as demanded by the question. Most were able to apply IUPAC rules and name A but some omitted the “di” from dibromobutane.
The colour change observed when but-2-ene reacts with bromine was well known, but knowledge of the economic importance of the
polymerisation of alkenes was limited with many candidates restricting their answers to identifying specific plastics such a polythene. Many
responses included incorrect references to nylon and margarine. Most candidates were able to identify the repeating unit of poly(but-2-ene). The
explanation of the Sy2 mechanism was more successful than in previous sessions although a common error was a curly arrow originating from the
hydrogen atom in the hydroxide ion rather than the oxygen. Most candidates were able to explain the higher reactivity of the hydroxide ion
compared to the water molecule in terms of charge but only a minority referred to the attraction between the nucleophile and low electron density
of the carbon atom. The naming of 2-methylbutanenitrile was generally well done although small errors were accepted and the reagents needed for
the hydrogenation of 2-methylbutanenitrile were also generally known. A number of candidates omitted the branching methyl group in the amide
formed with ethanoic acid and confused aldehydes with ketone and only a small minority referred to the carbonyl group. Most candidates identified
only hydrogen bonds in compound C and did not refer to the dipole-dipole forces or van der Waals’ forces also present or explicitly compare the
relative strength of the different intermolecular forces in the two molecules. Some incorrectly referred to covalent bonding in their explanation. The
equation for the complete combustion of compound C was generally well known. The term stereoisomer was well understood but many

candidates did not refer to the restricted rotation around a double bond. Most candidates were able draw the structures of cis and trans but-2-ene.

Most candidates were able to give the full structural formula but marks were lost by some as they gave the condensed formula rather than the full
structural formula as demanded by the question. Most were able to apply IUPAC rules and name A but some omitted the “di” from dibromobutane.
The colour change observed when but-2-ene reacts with bromine was well known, but knowledge of the economic importance of the
polymerisation of alkenes was limited with many candidates restricting their answers to identifying specific plastics such a polythene. Many
responses included incorrect references to nylon and margarine. Most candidates were able to identify the repeating unit of poly(but-2-ene). The
explanation of the Sx2 mechanism was more successful than in previous sessions although a common error was a curly arrow originating from the
hydrogen atom in the hydroxide ion rather than the oxygen. Most candidates were able to explain the higher reactivity of the hydroxide ion
compared to the water molecule in terms of charge but only a minority referred to the attraction between the nucleophile and low electron density
of the carbon atom. The naming of 2-methylbutanenitrile was generally well done although small errors were accepted and the reagents needed for
the hydrogenation of 2-methylbutanenitrile were also generally known. A number of candidates omitted the branching methyl group in the amide
formed with ethanoic acid and confused aldehydes with ketone and only a small minority referred to the carbonyl group. Most candidates identified

only hydrogen bonds in compound C and did not refer to the dipole-dipole forces or van der Waals’ forces also present or explicitly compare the



relative strength of the different intermolecular forces in the two molecules. Some incorrectly referred to covalent bonding in their explanation. The
equation for the complete combustion of compound C was generally well known. The term stereoisomer was well understood but many

candidates did not refer to the restricted rotation around a double bond. Most candidates were able draw the structures of cis and trans but-2-ene.

. Most candidates were able to give the full structural formula but marks were lost by some as they gave the condensed formula rather than the full

structural formula as demanded by the question. Most were able to apply IUPAC rules and name A but some omitted the “di” from dibromobutane.
The colour change observed when but-2-ene reacts with bromine was well known, but knowledge of the economic importance of the
polymerisation of alkenes was limited with many candidates restricting their answers to identifying specific plastics such a polythene. Many
responses included incorrect references to nylon and margarine. Most candidates were able to identify the repeating unit of poly(but-2-ene). The
explanation of the Sy2 mechanism was more successful than in previous sessions although a common error was a curly arrow originating from the
hydrogen atom in the hydroxide ion rather than the oxygen. Most candidates were able to explain the higher reactivity of the hydroxide ion
compared to the water molecule in terms of charge but only a minority referred to the attraction between the nucleophile and low electron density
of the carbon atom. The naming of 2-methylbutanenitrile was generally well done although small errors were accepted and the reagents needed for
the hydrogenation of 2-methylbutanenitrile were also generally known. A number of candidates omitted the branching methyl group in the amide
formed with ethanoic acid and confused aldehydes with ketone and only a small minority referred to the carbonyl group. Most candidates identified
only hydrogen bonds in compound C and did not refer to the dipole-dipole forces or van der Waals’ forces also present or explicitly compare the
relative strength of the different intermolecular forces in the two molecules. Some incorrectly referred to covalent bonding in their explanation. The
equation for the complete combustion of compound C was generally well known. The term stereoisomer was well understood but many

candidates did not refer to the restricted rotation around a double bond. Most candidates were able draw the structures of cis and trans but-2-ene.

.Most candidates were able to give the full structural formula but marks were lost by some as they gave the condensed formula rather than the full

structural formula as demanded by the question. Most were able to apply IUPAC rules and name A but some omitted the “di” from dibromobutane.
The colour change observed when but-2-ene reacts with bromine was well known, but knowledge of the economic importance of the
polymerisation of alkenes was limited with many candidates restricting their answers to identifying specific plastics such a polythene. Many
responses included incorrect references to nylon and margarine. Most candidates were able to identify the repeating unit of poly(but-2-ene). The
explanation of the Sx2 mechanism was more successful than in previous sessions although a common error was a curly arrow originating from the
hydrogen atom in the hydroxide ion rather than the oxygen. Most candidates were able to explain the higher reactivity of the hydroxide ion
compared to the water molecule in terms of charge but only a minority referred to the attraction between the nucleophile and low electron density
of the carbon atom. The naming of 2-methylbutanenitrile was generally well done although small errors were accepted and the reagents needed for
the hydrogenation of 2-methylbutanenitrile were also generally known. A number of candidates omitted the branching methyl group in the amide
formed with ethanoic acid and confused aldehydes with ketone and only a small minority referred to the carbonyl group. Most candidates identified
only hydrogen bonds in compound C and did not refer to the dipole-dipole forces or van der Waals’ forces also present or explicitly compare the
relative strength of the different intermolecular forces in the two molecules. Some incorrectly referred to covalent bonding in their explanation. The
equation for the complete combustion of compound C was generally well known. The term stereoisomer was well understood but many

candidates did not refer to the restricted rotation around a double bond. Most candidates were able draw the structures of cis and trans but-2-ene.



h.iiMost candidates were able to give the full structural formula but marks were lost by some as they gave the condensed formula rather than the full
structural formula as demanded by the question. Most were able to apply IUPAC rules and name A but some omitted the “di” from dibromobutane.
The colour change observed when but-2-ene reacts with bromine was well known, but knowledge of the economic importance of the
polymerisation of alkenes was limited with many candidates restricting their answers to identifying specific plastics such a polythene. Many
responses included incorrect references to nylon and margarine. Most candidates were able to identify the repeating unit of poly(but-2-ene). The
explanation of the Sx2 mechanism was more successful than in previous sessions although a common error was a curly arrow originating from the
hydrogen atom in the hydroxide ion rather than the oxygen. Most candidates were able to explain the higher reactivity of the hydroxide ion
compared to the water molecule in terms of charge but only a minority referred to the attraction between the nucleophile and low electron density
of the carbon atom. The naming of 2-methylbutanenitrile was generally well done although small errors were accepted and the reagents needed for
the hydrogenation of 2-methylbutanenitrile were also generally known. A number of candidates omitted the branching methyl group in the amide
formed with ethanoic acid and confused aldehydes with ketone and only a small minority referred to the carbonyl group. Most candidates identified
only hydrogen bonds in compound C and did not refer to the dipole-dipole forces or van der Waals’ forces also present or explicitly compare the
relative strength of the different intermolecular forces in the two molecules. Some incorrectly referred to covalent bonding in their explanation. The
equation for the complete combustion of compound C was generally well known. The term stereoisomer was well understood but many

candidates did not refer to the restricted rotation around a double bond. Most candidates were able draw the structures of cis and trans but-2-ene.

h.iilMost candidates were able to give the full structural formula but marks were lost by some as they gave the condensed formula rather than the full
structural formula as demanded by the question. Most were able to apply IUPAC rules and name A but some omitted the “di” from dibromobutane.
The colour change observed when but-2-ene reacts with bromine was well known, but knowledge of the economic importance of the
polymerisation of alkenes was limited with many candidates restricting their answers to identifying specific plastics such a polythene. Many
responses included incorrect references to nylon and margarine. Most candidates were able to identify the repeating unit of poly(but-2-ene). The
explanation of the Sx2 mechanism was more successful than in previous sessions although a common error was a curly arrow originating from the
hydrogen atom in the hydroxide ion rather than the oxygen. Most candidates were able to explain the higher reactivity of the hydroxide ion
compared to the water molecule in terms of charge but only a minority referred to the attraction between the nucleophile and low electron density
of the carbon atom. The naming of 2-methylbutanenitrile was generally well done although small errors were accepted and the reagents needed for
the hydrogenation of 2-methylbutanenitrile were also generally known. A number of candidates omitted the branching methyl group in the amide
formed with ethanoic acid and confused aldehydes with ketone and only a small minority referred to the carbonyl group. Most candidates identified
only hydrogen bonds in compound C and did not refer to the dipole-dipole forces or van der Waals’ forces also present or explicitly compare the
relative strength of the different intermolecular forces in the two molecules. Some incorrectly referred to covalent bonding in their explanation. The
equation for the complete combustion of compound C was generally well known. The term stereoisomer was well understood but many

candidates did not refer to the restricted rotation around a double bond. Most candidates were able draw the structures of cis and trans but-2-ene.

In some countries, ethanol is mixed with gasoline (petrol) to produce a fuel for cars called gasohol.



Deduce a two-step synthesis for each of the following conversions. For each step, state the structural formulas of all reactants and products and state

the conditions used in the reactions.

b.i.Ethanol to ethyl ethanoate. [2]

b.iiPropene to propanone. [2]

c. The reagents used in an elimination reaction are shown below. [3]
CHj

HiC—C—Br + NaOCH,CH; ——

CHjs

Explain the mechanism of this reaction using curly arrows to represent the movement of electron pairs.

d.i.Describe geometrical isomerism. [1]
d.iiDraw the geometrical isomers of but-2-ene. [2]
d.iiDraw the two enantiomers of butan-2-ol. [2]

Markscheme

. K2Cr207 CH3CH20H
b.i. CH3CH,OH ——— CH3COOH —— CH3CO2CH;CH;3; + H20
H' H2S04

Structural formulas of reactants and products

CH3CH;0H and CH3COOH/CH3CO2H and CH3;CO2CH;CH;3 ( 4+ H20);
Conditions/reagents used

reflux with named suitable acidified oxidising agent and then heat with alcohol and sulfuric acid;

Suitable oxidising agents are potassium dichromate/K>Cro07 / sodium dichromate/NazCr207/ dichromate/Cr.0/"/ potassium
manganate(Vll)/potassium permanganate/KMnQ4/ permanganate/manganate (VI))/MnO4".

Accept H*/H»SOy4 instead of sulfuric acid and acidified.

Award [1] for structural formulas of reactants and products and [1] for the correct conditions/reagents used.

H,0 K,Cr,0
b.iiHyC=CH(CHj) —— CH3CH(OH)CH; ——— (CHs),CO
H,S0y(conc.) H"

Structural formulas of reactants and products

H>,C=CH(CH3) and CH3CH(OH)CH3 and (CHj3),CO;

Conditions/reagents used

water/H,O and sulfuric acid/H2SOy / dilute acid medium and heat/reflux with suitable acidified oxidising agent;

Suitable oxidising agents are potassium dichromate/K2Cr»07 / sodium dichromate/NasCro07 / dichromate/Cro072~ / potassium
manganate(Vll)/potassium permanganate/KMnQ4 / permanganate/manganate (VII)/MnQOg4".

Accept H*/H2SO4 instead of acidified.
Note: If primary alcohol is given as product of first step, and everything else correct, award [1 max].

Accept either full or condensed structural formulas throughout (b).



- N + Br
/ N

~ 1 OCH,CH;
curly arrow going from O of “OCH2CHjs attacking hydrogen;
Allow the curly arrow to originate from either the lone pair or O of “OCH,CH3 but not from H of " OCH,CH3.
Do not award first mark if curly arrow originates from O of NaOCH,CH3.

curly arrow going from the C-H bond on the 8 carbon to the bond joining the a carbon to the 8 carbon and curly arrow showing Br acting as
leaving group;

formation of (CH3),C=CH> and Br~;

Allow formation of NaBr for third marking point, if NaOCH,CH3 was used (incorrectly) in the mechanism. Use of NaOCH,CH3 with curly arrow
originating on O of NaOCH,CH3 is penalized already in the first marking point.

Accept alternative E1 type mechanism

curly arrow showing Br acting as leaving group to form carbocation;
curly arrow going from O of “OCH,CHj attacking hydrogen;
formation of (CHj3),C=CH, and Br-;

No marks awarded if a substitution mechanism is given.

d.i.compounds with the same (molecular formula and) structural formula but different arrangements of atoms in space / OWTTE;

. H CHy H H
d.ii. \C_ / - - \Czc/ .
SN SN
H,C H H4C CH,

Allow [1 max] if structures are correct but arrangement of groups in space does not clearly show the cis/ trans isomerism.
d.iii.
N 1

: : Hu ;C\

HO'  CH.CH,

P
=
5

N
¥

Allow [1 max] if the structures are correct but it is not clear that they are mirror images.

Examiners report

b.i.In (b) (i) and (ii) only a few candidates answered both questions correctly. Fewer candidates scored one mark in one or both by correctly presenting

the structural formulas. Conditions and reagents were in general poorly known.

b.iiln (b) (i) and (ii) only a few candidates answered both questions correctly. Fewer candidates scored one mark in one or both by correctly presenting

the structural formulas. Conditions and reagents were in general poorly known.

c. Almost nobody answered (c) correctly. Candidates identified this as an SN1 mechanism. There were a number of G2 comments on this, and one
respondent expressed surprise that sodium ethoxide was used as a reagent. However, the candidates were clearly told in the question that the

reaction was an elimination reaction and hence should have been able to write the mechanism, as outlined in AS 20.3.2.



d.i.Part (d) (i), (i) and (iii) were all well answered questions but some candidates lost a mark in (jii) because the structures were not represented as clear

mirror images of each other.

d.iiPart (d) (i), (i) and (iii) were all well answered questions but some candidates lost a mark in (iii) because the structures were not represented as clear

mirror images of each other.

d.iiiPart (d) (i), (ii) and (iii) were all well answered questions but some candidates lost a mark in (jii) because the structures were not represented as clear

mirror images of each other.

Carboplatin used in the treatment of lung cancer has the following three-dimensional structure.

Elemental platinum has electrons occupying s, p, d and f atomic orbitals.

a. ldentify the name of the functional group circled in the structure of carboplatin. [1]
b. State the type of bonding between platinum and nitrogen in carboplatin. [1]
c.i. Draw the shape of an s orbital and a p, orbital. Label the x, y and z axes on each diagram. [2]
A 3
s orbital p, orbital
c.ii.State the maximum number of orbitals in the n = 4 energy level. [1]

d. A number of ruthenium-based anti-cancer drugs have also been developed. State the full electron configuration of the ruthenium(ll) ion, Ru?t. [1]

e. lronis in the same group in the periodic table as ruthenium. [1]



Construct the orbital diagram (using the arrow-in-box notation) for iron, showing the electrons in the n = 3 and n = 4 energy levels only and
label each sub-level on the diagram.

Markscheme

a. ester;

Do not accept just carbonyl.

Allow carboxylato (ligand)/carboxylate (ligand) but not carboxyl/carboxy.
b. dative (covalent) / coordinate;
Do not allow just covalent or co-dative.

3
c.i. 4

s

/ x

L8]

symmetrical s orbital representation;
Do not penalize if axes are not labelled for s orbital.

X, ¥, Z can be located in any direction.

y

(5]

dumbbell-shaped py orbital representation with electron density located along x-axis;
x-axis must be labelled for py orbital.

Do not accept if pyand p; are also drawn as question asks for orbital not sub-level.
c.ii.16;
d. 1522s22p63s23p64s23d104p64d6;

Order of 4s and 3d levels can be interchanged.

Do not accept other notation such as subscripts.

Rl fr [ AF | Ar i A T R B

35 3p 45 3d

Allow full arrows instead of half-arrows in orbital diagram.



Sub-levels must be labelled for mark.

Examiners report

a. Many candidates identified the functional group but not the type of bond between Pt and N in carboplatin. A surprising number of candidates were

unable to draw a px orbital or drew all p orbitals, or did not label the axis

o INA
c.i.INA

c.iiVery few gave 16 as the answer.

IN/A]

o [N/A

Consider the following sequence of reactions.

reactionl

RCHjs; is an unknown alkane in which R represents an alkyl group.

All the isomers can by hydrolysed with aqueous sodium hydroxide solution. When the reaction of one of these isomers, X, was investigated the

following kinetic data were obtained.

reaction2

RCH3 — RCH>Br ——— RCH,OH

Experiment

Initial [X] /

Initial [OH /

Initial rate of reaction /

moldm™ moldm™ moldm™ min™
1 2.0x107° 2.0x107 4.0%x107
2 2.0x107 40x107 4.0%107
3 4.0%x107 40x107 8.0x107

a. The alkane contains 82.6% by mass of carbon. Determine its empirical formula, showing your working.

b. A 1.00 g gaseous sample of the alkane has a volume of 385 cm? at standard temperature and pressure. Deduce its molecular formula.

c. State the reagent and conditions needed for reaction 1.

d. Reaction 1 involves a free-radical mechanism. Describe the stepwise mechanism, by giving equations to represent the initiation, propagation

and termination steps.

e. The mechanism in reaction 2 is described as Sy2. Explain the mechanism of this reaction using curly arrows to show the movement of electron

pairs, and draw the structure of the transition state.

f. There are four structural isomers with the molecular formula C4HgBr. One of these structural isomers exists as two optical isomers. Draw

diagrams to represent the three-dimensional structures of the two optical isomers.

g. () Deduce the rate expression for the reaction.

(3]

(2]

(2]

(4]

(8]

(2]

[



(i)  Determine the value of the rate constant for the reaction and state its units.
(i) ~ State the name of isomer X and explain your choice.

(iv) State equations for the steps that take place in the mechanism of this reaction and state which of the steps is slow and which is fast.

Markscheme

82.6

174
12.01 -

= 6.88 and niy = o1

ratio is 1:2.5;
CoHs;

No penalty for using 12 and 1.

22400 mRT
o (M= 5g%) =58.2/ (M = 55F) = 58.3;

C4Hio;
c. Bro/bromine ;

UV/ultraviolet light;
Accept hf/hv/sunlight.

d. initiation:
Bry — 2Bre;
propagation:
Br e +RCH3; — HBr + RCHye;
RCH; e +Brs — RCH>Br + Bre;
termination: [1 max]
Br e +Bre — Brs;
RCH; e +Bre — RCH,Br;
RCHz ¢ +RCHye — RCH2CH2R,;
Award [1] for any termination step.
Accept radical with or without throughout.

Do not penalise the use of an incorrect alkane in the mechanism.

curly arrow going from lone pair/negative charge on O in OH™ to C;

Do not allow curly arrow originating on H in OH".

curly arrow showing Br leaving;

Accept curly arrow either going from bond between C and Br to Br in bromoethane or in the transition state.
representation of transition state showing negative charge, square brackets and partial bonds;

Do not penalize if HO and Br are not at 180° to each other.

Do not award M3 if OH ---- C bond is represented unless already penalised in M1.

Do not penalise the use of an incorrect alkyl chain in the mechanism.



H

_-CaHs
C: ;
N
HyC Br

H
HsCon |
. ;

Br/ \('“H3

First and second structures should be mirror images. Tetrahedral arrangement around carbon must be shown.
g. () order with respectto OH™ = 0;

order with respect to X = 1;

rate = k[X];

Award [3] for final correct answer.

(i) 0.20);

min~!;

(iliy 2-bromo-2-methyl-propane;

Do not penalize missing hyphens or added spaces.

Accept 2-methyl-2-bromopropane.

tertiary structure;

(ivy C4HoBr — C4H9+ + Br~ /in equation with curly arrows and slow;
C4H9+ + OH™ — C4HyOH / in equation with curly arrows and fast;

No penalty if primary structure is shown.

No credit for Sny2 mechanism, except by ECF.

Examiners report

a. Although this was the least popular question in Section B there was generally a good level of performance. In (a) most candidates scored at least 2

out of 3 marks for calculating the empirical formula.

b. Many managed to give a correct molecular formula based on their background knowledge once they had determined the molar mass from the

density calculation.
c. The conditions of free radical substitution were well known.
d. The mechanism of free radical substitution was well known.
e. The conditions and mechanism of free radical substitution were well known but the Sy2 mechanism in (e) caused more problems.

f. Again the use of curly arrows proved to be difficult. In some case they originated from the H not the lone pair on O of the nucelophile, or were
missing from the C — Br bond. Another common mistake was the omission of a negative charge from the transition state. As the attack of the
nucleophile is on the opposite side of the carbon atom to the halogen leaving, the partial bonds in the transition state should be drawn at 180

degrees. Candidates were not penalised however if they failed to do this.



g. Most candidates were able to draw accurate 3D diagrams for the stereoisomers of 2-bromobutane, to deduce the rate expression from the
experimental data presented in (g), and correctly identify X as having a tertiary structure. It was also pleasing to see that most were able to

describe the Sy1 mechanism.

a.i. Ethanol is a primary alcohol that can be oxidized by acidified potassium dichromate(VI). Distinguish between the reaction conditions needed to [2]

produce ethanal and ethanoic acid.

Ethanal:

Ethanoic acid:

a.ii.Determine the oxidation number of carbon in ethanol and ethanal. [2]
Ethanol:
Ethanal:
a.iiDeduce the half-equation for the oxidation of ethanol to ethanal. [1]
a.ivDeduce the overall redox equation for the reaction of ethanol to ethanal with acidified potassium dichromate(VI). [2]
b. Ethanol can be made by reacting aqueous sodium hydroxide with bromoethane. [4]

Explain the mechanism for this reaction, using curly arrows to represent the movement of electron pairs.
c.i. Determine the orders of reaction of the reactants and the overall rate expression for the reaction between 2-bromobutane and aqueous sodium 2]

hydroxide using the data in the table.

Experiment | [NaOH]/ moldm™ | [C,H;Br] / meldm™ | Rate / moldm™s™

1 1.00 1.00 1.66 = 1072

2 0.50 1.00 8.31x10™

3 025 025 102 x 107

4 1.00 0.50 8.29 x 107
c.ii.Determine the rate constant, k, with its units, using the data from experiment 3. [2]
c.iiildentify the molecularity of the rate-determining step in this reaction. [1]
d.i.2-bromobutane exists as optical isomers. 1]

State the essential feature of optical isomers.

d.ii2-bromobutane exists as optical isomers. [2]



Outline how a polarimeter can distinguish between these isomers.

f. Describe the formation of o and 7 bonds in an alkene. [2]

g. The two most abundant isotopes of bromine have the mass numbers 79 and 81. [2]

Calculate the relative abundance of "Br using table 5 of the data booklet, assuming the abundance of the other isotopes is negligible.

Markscheme

a.i. Ethanal: distill off product as it forms;

Accept distillation.

Ethanoic acid: (heat under) reflux / use excess oxidizing agent;
a.iiEthanol: -2/-l;

Ethanal: —1/-1;

Do not accept 2—, 1- but penalize once only.
a.iiCH;CH,OH — CH3CHO + 2H" + 2e7;

Half-equation required. Do not accept CoHsOH + 2[0] — CH3CHO + H>O.

Accept e fore.
a.v3CH3CH,OH(aq) + Cr202 (aq) + 8H (aq) — 2Cr** (aq) + 3CH3CHO(1) 4 7H,O(1)

correct reactants and products;
correct balancing;
M2 can only be scored if M1 correct.

Ignore state symbols.

HO™:

b. T T - T
e [ T R T e
H H:C CHy
curly arrow going from lone pair/negative charge on O in HO ™ to C;
Do not allow curly arrow originating on H in HO™.
curly arrow showing Br leaving;
Accept curly arrow either going from bond between C and Br to Br in bromoethane or in the transition state.
representation of transition state showing negative charge, square brackets and partial bonds;
Do not penalize if HO and Br are not at 180° to each other.
Do not award M3 if OH----C bond is represented.
formation of organic product CH3CH2OH and Br~;
Award [3 max] for correct Sy1 mechanism.
c.i.[NaOH] / [OH | is 1/first order and [C4HgBr] is 1/first order;

rate = k[OH][C4HyBr] / rate = k[NaOH]|[C4HyBr];

Square brackets must be used for M2.

i Toepz =) 0.0016/1.6 x 107%;



3571.

)

mol ' dm
Accept M~1s7 1.
Ignore order of units.

Must use experiment 3 data.

c.iiibimolecular/2;

Accept dimolecular.

d.i.chiral/asymmetric carbon / carbon attached to 4 different groups / non-super imposable mirror images;

d.iienantiomers rotate plane of (plane-) polarized light;

f.

in opposite directions (by equal amounts);

Sigma bonds:
o o
g oe /(e
result from head-on/end-on overlap of orbitals / OWTTE;
Accept axial overlap of orbitals.

Accept “symmetric orbital” with respect to same plane / OWTTE.

Pi bonds:

result from sideways overlap of orbitals / OWTTE;

Accept “antisymmetric orbitals” with respect to (defining) plane (containing at least one atom) / OWTTE.

. 79.91 = 79z + 81(1 — z);

Award M1 for any suitable calculation.
(abundance "Br =) 54.5%;

Award [2] for correct final answer.

Examiners report

a.i. The idea of “reflux” was usually given for the production of ethanoic acid in (a) but ethanal was less clear. We accept that perhaps we should have

phrased (a) (i), “Determine the average oxidation number of carbon in ...” In practice, this was one of the best answered parts and caused few
difficulties. Few had any idea how to attempt the half-equation in (i) and the overall equation in (iv). Although the mechanism in (b) has been set on
numerous occasions, candidates are still not taking care over the start and finish of the curly arrows and the intermediate is drawn poorly. It must
have partial bonds and the sign must be outside the square brackets. Some candidates offered an Sy 1 mechanism. In (c) (i), the orders were
usually successfully deduced but many omitted to give the overall rate expression. In part (i), quite a number of candidates unaccountably ignored
the instruction and used any experiment but No 3. The units were frequently wrong or omitted. The molecularity was answered satisfactorily. In (d),

candidates frequently stated that the molecules have mirror images but not that these mirror images are non-superposable. “Chiral” was a popular



correct answer. There seemed to be little understanding of a polarimeter with some suggesting that the crystals themselves rotate. In (e) the
equations were poor and few were able to identify the reagent. Most descriptions in (f) would have been improved with a careful and clear diagram.

Part (g), the relative abundance of "Br was well done except by those who tried to do it “by inspection”; this usually led to the wrong answer.

a.ii.The idea of “reflux” was usually given for the production of ethanoic acid in (a) but ethanal was less clear. We accept that perhaps we should have
phrased (a) (i), “Determine the average oxidation number of carbon in ...” In practice, this was one of the best answered parts and caused few
difficulties. Few had any idea how to attempt the half-equation in (i) and the overall equation in (iv). Aithough the mechanism in (b) has been set on
numerous occasions, candidates are still not taking care over the start and finish of the curly arrows and the intermediate is drawn poorly. It must
have partial bonds and the sign must be outside the square brackets. Some candidates offered an Sy 1 mechanism. In (c) (ii), the orders were
usually successfully deduced but many omitted to give the overall rate expression. In part (i), quite a number of candidates unaccountably ignored
the instruction and used any experiment but No 3. The units were frequently wrong or omitted. The molecularity was answered satisfactorily. In (d),
candidates frequently stated that the molecules have mirror images but not that these mirror images are non-superposable. “Chiral” was a popular
correct answer. There seemed to be little understanding of a polarimeter with some suggesting that the crystals themselves rotate. In (e) the
equations were poor and few were able to identify the reagent. Most descriptions in (f) would have been improved with a careful and clear diagram.

Part (g), the relative abundance of "*Br was well done except by those who tried to do it “by inspection”; this usually led to the wrong answer.

a.iiiThe idea of “reflux” was usually given for the production of ethanoic acid in (a) but ethanal was less clear. We accept that perhaps we should have
phrased (a) (i), “Determine the average oxidation number of carbon in ...” In practice, this was one of the best answered parts and caused few
difficulties. Few had any idea how to attempt the half-equation in (iii) and the overall equation in (iv). Although the mechanism in (b) has been set on
numerous occasions, candidates are still not taking care over the start and finish of the curly arrows and the intermediate is drawn poorly. It must
have partial bonds and the sign must be outside the square brackets. Some candidates offered an Sx1 mechanism. In (c) (ii), the orders were
usually successfully deduced but many omitted to give the overall rate expression. In part (i), quite a number of candidates unaccountably ignored
the instruction and used any experiment but No 3. The units were frequently wrong or omitted. The molecularity was answered satisfactorily. In (d),
candidates frequently stated that the molecules have mirror images but not that these mirror images are non-superposable. “Chiral” was a popular
correct answer. There seemed to be little understanding of a polarimeter with some suggesting that the crystals themselves rotate. In (€) the
equations were poor and few were able to identify the reagent. Most descriptions in (f) would have been improved with a careful and clear diagram.

Part (g), the relative abundance of "Br was well done except by those who tried to do it “by inspection”; this usually led to the wrong answer.

a.ivThe idea of “reflux” was usually given for the production of ethanoic acid in (a) but ethanal was less clear. We accept that perhaps we should have
phrased (a) (i), “Determine the average oxidation number of carbon in ...” In practice, this was one of the best answered parts and caused few
difficulties. Few had any idea how to attempt the half-equation in (i) and the overall equation in (iv). Although the mechanism in (b) has been set on
numerous occasions, candidates are still not taking care over the start and finish of the curly arrows and the intermediate is drawn poorly. It must
have partial bonds and the sign must be outside the square brackets. Some candidates offered an Sy 1 mechanism. In (c) (ii), the orders were
usually successfully deduced but many omitted to give the overall rate expression. In part (i), quite a number of candidates unaccountably ignored
the instruction and used any experiment but No 3. The units were frequently wrong or omitted. The molecularity was answered satisfactorily. In (d),

candidates frequently stated that the molecules have mirror images but not that these mirror images are non-superposable. “Chiral” was a popular



C.

correct answer. There seemed to be little understanding of a polarimeter with some suggesting that the crystals themselves rotate. In (e) the
equations were poor and few were able to identify the reagent. Most descriptions in (f) would have been improved with a careful and clear diagram.

Part (g), the relative abundance of "Br was well done except by those who tried to do it “by inspection”; this usually led to the wrong answer.

. The idea of “reflux” was usually given for the production of ethanoic acid in (a) but ethanal was less clear. We accept that perhaps we should have

phrased (a) (i), “Determine the average oxidation number of carbon in ...” In practice, this was one of the best answered parts and caused few
difficulties. Few had any idea how to attempt the half-equation in (iii) and the overall equation in (iv). Although the mechanism in (b) has been set on
numerous occasions, candidates are still not taking care over the start and finish of the curly arrows and the intermediate is drawn poorly. It must
have partial bonds and the sign must be outside the square brackets. Some candidates offered an Sy 1 mechanism. In (c) (ii), the orders were
usually successfully deduced but many omitted to give the overall rate expression. In part (i), quite a number of candidates unaccountably ignored
the instruction and used any experiment but No 3. The units were frequently wrong or omitted. The molecularity was answered satisfactorily. In (d),
candidates frequently stated that the molecules have mirror images but not that these mirror images are non-superposable. “Chiral” was a popular
correct answer. There seemed to be little understanding of a polarimeter with some suggesting that the crystals themselves rotate. In (e) the
equations were poor and few were able to identify the reagent. Most descriptions in (f) would have been improved with a careful and clear diagram.

Part (g), the relative abundance of *Br was well done except by those who tried to do it “by inspection”; this usually led to the wrong answer.

.The idea of “reflux” was usually given for the production of ethanoic acid in (a) but ethanal was less clear. We accept that perhaps we should have

phrased (a) (i), “Determine the average oxidation number of carbon in ...” In practice, this was one of the best answered parts and caused few
difficulties. Few had any idea how to attempt the half-equation in (jiii) and the overall equation in (iv). Although the mechanism in (b) has been set on
numerous occasions, candidates are still not taking care over the start and finish of the curly arrows and the intermediate is drawn poorly. It must
have partial bonds and the sign must be outside the square brackets. Some candidates offered an Sy 1 mechanism. In (c) (ii), the orders were
usually successfully deduced but many omitted to give the overall rate expression. In part (i), quite a number of candidates unaccountably ignored
the instruction and used any experiment but No 3. The units were frequently wrong or omitted. The molecularity was answered satisfactorily. In (d),
candidates frequently stated that the molecules have mirror images but not that these mirror images are non-superposable. “Chiral” was a popular
correct answer. There seemed to be little understanding of a polarimeter with some suggesting that the crystals themselves rotate. In (€) the
equations were poor and few were able to identify the reagent. Most descriptions in (f) would have been improved with a careful and clear diagram.

Part (g), the relative abundance of "Br was well done except by those who tried to do it “by inspection”; this usually led to the wrong answer.

c.ii.The idea of “reflux” was usually given for the production of ethanoic acid in (a) but ethanal was less clear. We accept that perhaps we should have

phrased (a) (i), “Determine the average oxidation number of carbon in ...” In practice, this was one of the best answered parts and caused few
difficulties. Few had any idea how to attempt the half-equation in (iii) and the overall equation in (iv). Although the mechanism in (b) has been set on
numerous occasions, candidates are still not taking care over the start and finish of the curly arrows and the intermediate is drawn poorly. It must
have partial bonds and the sign must be outside the square brackets. Some candidates offered an Sy 1 mechanism. In (c) (ii), the orders were
usually successfully deduced but many omitted to give the overall rate expression. In part (i), quite a number of candidates unaccountably ignored
the instruction and used any experiment but No 3. The units were frequently wrong or omitted. The molecularity was answered satisfactorily. In (d),

candidates frequently stated that the molecules have mirror images but not that these mirror images are non-superposable. “Chiral” was a popular



correct answer. There seemed to be little understanding of a polarimeter with some suggesting that the crystals themselves rotate. In (e) the
equations were poor and few were able to identify the reagent. Most descriptions in (f) would have been improved with a careful and clear diagram.

Part (g), the relative abundance of "Br was well done except by those who tried to do it “by inspection”; this usually led to the wrong answer.

c.iiiThe idea of “reflux” was usually given for the production of ethanoic acid in (a) but ethanal was less clear. We accept that perhaps we should have

phrased (a) (i), “Determine the average oxidation number of carbon in ...” In practice, this was one of the best answered parts and caused few
difficulties. Few had any idea how to attempt the half-equation in (iii) and the overall equation in (iv). Although the mechanism in (b) has been set on
numerous occasions, candidates are still not taking care over the start and finish of the curly arrows and the intermediate is drawn poorly. It must
have partial bonds and the sign must be outside the square brackets. Some candidates offered an Sy 1 mechanism. In (c) (ii), the orders were
usually successfully deduced but many omitted to give the overall rate expression. In part (i), quite a number of candidates unaccountably ignored
the instruction and used any experiment but No 3. The units were frequently wrong or omitted. The molecularity was answered satisfactorily. In (d),
candidates frequently stated that the molecules have mirror images but not that these mirror images are non-superposable. “Chiral” was a popular
correct answer. There seemed to be little understanding of a polarimeter with some suggesting that the crystals themselves rotate. In (e) the
equations were poor and few were able to identify the reagent. Most descriptions in (f) would have been improved with a careful and clear diagram.

Part (g), the relative abundance of *Br was well done except by those who tried to do it “by inspection”; this usually led to the wrong answer.

.i.The idea of “reflux” was usually given for the production of ethanoic acid in (a) but ethanal was less clear. We accept that perhaps we should have

phrased (a) (i), “Determine the average oxidation number of carbon in ...” In practice, this was one of the best answered parts and caused few
difficulties. Few had any idea how to attempt the half-equation in (i) and the overall equation in (iv). Although the mechanism in (b) has been set on
numerous occasions, candidates are still not taking care over the start and finish of the curly arrows and the intermediate is drawn poorly. It must
have partial bonds and the sign must be outside the square brackets. Some candidates offered an Sy 1 mechanism. In (c) (ii), the orders were
usually successfully deduced but many omitted to give the overall rate expression. In part (i), quite a number of candidates unaccountably ignored
the instruction and used any experiment but No 3. The units were frequently wrong or omitted. The molecularity was answered satisfactorily. In (d),
candidates frequently stated that the molecules have mirror images but not that these mirror images are non-superposable. “Chiral” was a popular
correct answer. There seemed to be little understanding of a polarimeter with some suggesting that the crystals themselves rotate. In (€) the
equations were poor and few were able to identify the reagent. Most descriptions in (f) would have been improved with a careful and clear diagram.

Part (g), the relative abundance of "Br was well done except by those who tried to do it “by inspection”; this usually led to the wrong answer.

d.iiThe idea of “reflux” was usually given for the production of ethanoic acid in (a) but ethanal was less clear. We accept that perhaps we should have

phrased (a) (i), “Determine the average oxidation number of carbon in ...” In practice, this was one of the best answered parts and caused few
difficulties. Few had any idea how to attempt the half-equation in (i) and the overall equation in (iv). Although the mechanism in (b) has been set on
numerous occasions, candidates are still not taking care over the start and finish of the curly arrows and the intermediate is drawn poorly. It must
have partial bonds and the sign must be outside the square brackets. Some candidates offered an Sy 1 mechanism. In (c) (ii), the orders were
usually successfully deduced but many omitted to give the overall rate expression. In part (i), quite a number of candidates unaccountably ignored
the instruction and used any experiment but No 3. The units were frequently wrong or omitted. The molecularity was answered satisfactorily. In (d),

candidates frequently stated that the molecules have mirror images but not that these mirror images are non-superposable. “Chiral” was a popular



correct answer. There seemed to be little understanding of a polarimeter with some suggesting that the crystals themselves rotate. In (e) the
equations were poor and few were able to identify the reagent. Most descriptions in (f) would have been improved with a careful and clear diagram.

Part (g), the relative abundance of "Br was well done except by those who tried to do it “by inspection”; this usually led to the wrong answer.

f. The idea of “reflux” was usually given for the production of ethanoic acid in (a) but ethanal was less clear. We accept that perhaps we should have
phrased (a) (i), “Determine the average oxidation number of carbon in ...” In practice, this was one of the best answered parts and caused few
difficulties. Few had any idea how to attempt the half-equation in (iii) and the overall equation in (iv). Although the mechanism in (b) has been set on
numerous occasions, candidates are still not taking care over the start and finish of the curly arrows and the intermediate is drawn poorly. It must
have partial bonds and the sign must be outside the square brackets. Some candidates offered an Sy 1 mechanism. In (c) (ii), the orders were
usually successfully deduced but many omitted to give the overall rate expression. In part (i), quite a number of candidates unaccountably ignored
the instruction and used any experiment but No 3. The units were frequently wrong or omitted. The molecularity was answered satisfactorily. In (d),
candidates frequently stated that the molecules have mirror images but not that these mirror images are non-superposable. “Chiral” was a popular
correct answer. There seemed to be little understanding of a polarimeter with some suggesting that the crystals themselves rotate. In (e) the
equations were poor and few were able to identify the reagent. Most descriptions in (f) would have been improved with a careful and clear diagram.

Part (g), the relative abundance of *Br was well done except by those who tried to do it “by inspection”; this usually led to the wrong answer.

g. The idea of “reflux” was usually given for the production of ethanoic acid in (a) but ethanal was less clear. We accept that perhaps we should have
phrased (a) (i), “Determine the average oxidation number of carbon in ...” In practice, this was one of the best answered parts and caused few
difficulties. Few had any idea how to attempt the half-equation in (i) and the overall equation in (iv). Although the mechanism in (b) has been set on
numerous occasions, candidates are still not taking care over the start and finish of the curly arrows and the intermediate is drawn poorly. It must
have partial bonds and the sign must be outside the square brackets. Some candidates offered an Sy 1 mechanism. In (c) (ii), the orders were
usually successfully deduced but many omitted to give the overall rate expression. In part (i), quite a number of candidates unaccountably ignored
the instruction and used any experiment but No 3. The units were frequently wrong or omitted. The molecularity was answered satisfactorily. In (d),
candidates frequently stated that the molecules have mirror images but not that these mirror images are non-superposable. “Chiral” was a popular
correct answer. There seemed to be little understanding of a polarimeter with some suggesting that the crystals themselves rotate. In (€) the
equations were poor and few were able to identify the reagent. Most descriptions in (f) would have been improved with a careful and clear diagram.

Part (g), the relative abundance of "Br was well done except by those who tried to do it “by inspection”; this usually led to the wrong answer.

2-methylbutan-2-ol, (CH3),C(OH)CH,CHz, is a liquid with a smell of camphor that was formerly used as a sedative. One way of producing it starts

with 2-methylbut-2-ene.

As well as 2-methylbutan-2-ol, the reaction also produces a small quantity of an optically active isomer, X.

2-methylbutan-2-ol can also be produced by the hydrolysis of 2-chloro-2-methylbutane, (CH3)2CC1C2H5, with aqueous sodium hydroxide.



2-chloro-2-methylbutane contains some molecules with a molar mass of approximately 106 g mol ! and some with a molar mass of approximately

108 gmol L.

2-chloro-2-methylbutane can also be converted into compound Z by a two-stage reaction via compound Y:

CH, CH, cH
\ /Cl \\ -~ e
C — > Y —— C NH,
~ ~ \
me” \ H,C
| CH,4 | CH;
CH; CH;
2-chloro-2-methylbutane Z
a. State the other substances required to convert 2-methylbut-2-ene to 2-methylbutan-2-ol. 2]
b. Explain whether you would expect 2-methylbutan-2-ol to react with acidified potassium dichromate(VI). [2]
c.i.State what is meant by optical activity. [1]
c.ii.State what optical activity indicates about the structure of the molecule. 1]
c.iiiOptical activity can be detected using a polarimeter. Explain how this works. [3]
c.ivDeduce the structural formula of X. [1]
d. Explain why 2-methylbut-2-ene is less soluble in water than 2-methylbutan-2-ol. [2]
e.i. Explain the mechanism of this reaction using curly arrows to represent the movement of electron pairs. [4]
e.ii.State the rate expression for this reaction and the units of the rate constant. [2]
e.iiiSuggest why, for some other halogenoalkanes, this hydrolysis is much more effective in alkaline rather than in neutral conditions. [1]
f.i. Outline why there are molecules with different molar masses. [1]
g.i.Draw the structure of Y. [1]
g.ii State the reagent and any catalyst required for both the formation of Y and the conversion of Y into Z. [3]

Formation of Y:

Conversion of Y into Z:

Markscheme

a. water/H5O;

Accept steam.

(concentrated) sulfuric acid/H2SQOy4 (catalyst);



Accept phosphoric acid/H3sPO,.

Award [2] for HBr and NaOH (two-stage process via the halogenoalkane).
b. not react;
tertiary alcohol (not easily oxidized);
c.i.rotates the plane (of polarization) of plane polarized light;
Accept answers in which one of the “plane”s is missing.
c.iitwo isomers that are enantiomers/chiral/non-superimposable mirror images;
Accept “contains an asymmetric/chiral carbon” or “contains a carbon bonded to four different groups”.
c.iiipolarizes light / polarized light source;

light passed through sample;
analyser / second polarizer detects whether plane of polarization rotated;

. CH; H
c.iv. :

H OH
Accept CsH,~CH(OH)-CHa, but not CHg~CH~CHo~CH(OH)-CHs,

d. 2-methylbutan-2-ol has hydroxyl/OH group;

Do not accept “hydroxide group”.
Allow 2-methylbutan-2-ol is an alcohol.

2-methylbutan-2-ol can form H-bonds (to water) / 2-methylbut-2-ene cannot form H-bonds (to water);
o CHs CH; CHy

ol |_:_¢|~g~| — = il |_=—(|*+’/m- CHs—C—O0H +

CHy CHy CH;,

curly arrow showing C1™ leaving;

representation of tertiary carbocation;

curly arrow going from lone pair/negative charge on O in HO™ to ct;

Do not allow arrow originating on H in HO™.

formation of organic product CH3CH,C(CH3),OH and C1™/NaCl

(somewhere in mechanism);

Award [3 max] if a candidate gives a fully correct Sy2 mechanism.
e.iirate = kx [2-chloro-2-methylbutane]/[CH; CH,C(CH3;), Cl]/[halogenoalkane]

/IR=CIl;

s 1;

e.iihydroxide ion/OH ™ is a better nucleophile than water / hydroxide ion/OH ™ has negative charge;

undergo Sy 2 hydrolysis / RDS depends on attack of OH ™ /hydroxide ion (nucleophile);

Accept other suggestions that are chemically valid.

f.i. chlorine can be 3®Cl/CI-35 or 37Cl/CI-37;



Accept “chlorine can exist as two isotopes”.

Answer must refer to chlorine rather than isotopes in general.

"H
g.i. CHs

CH,
Do not accept condensed formulas such as CH3CH,C(CH3),CN.

Accept the cyanide group as —CN without showing the triple bond.
g.iiFormation of Y:

cyanide ion/CN~ / potassium cyanide/KCN;

Accept hydrogen cyanide/HCN.

Conversion of Y into Z:

hydrogen/Hs;

nickel/Ni / platinum/Pt / palladium/Pd (catalyst);

Examiners report

a. Many students could recall the reagents for the hydration of an alkene and recognize the alcohol as a tertiary alcohol that would not undergo
oxidation. Statements regarding optical activity often lacked precision and betrayed confusion with chirality. Very few could correctly describe how
a polarimeter worked, especially the second rotating sheet of polaroid, and students frequently drew the structure of 2-methylbutan-2-ol rather
than its chiral isomer. Most students stated that the alcohol was more polar than the alkene, but fewer mentioned that it could form hydrogen
bonds to water and even less linked this to the presence of the hydroxyl group. Almost all students recognized that the hydrolysis was Sx1, with
an encouraging number being able to write reasonable mechanisms, though many still lost marks through a lack of precision in where their curly
arrows started and ended. Many candidates also stated an appropriate rate equation along with the units of the rate constant. Very few students
linked the difference of two molar mass units to the presence in the molecule of chlorine, with its naturally occurring isotopes, and the discussion
of any effect on the hydrolysis rate often revealed a lack of clear thinking. In contrast many students correctly identified the nitrile as the

intermediate in the chain extension reaction and reagents for its formation and hydrogenation were generally well known.

b. Many students could recall the reagents for the hydration of an alkene and recognize the alcohol as a tertiary alcohol that would not undergo
oxidation. Statements regarding optical activity often lacked precision and betrayed confusion with chirality. Very few could correctly describe how
a polarimeter worked, especially the second rotating sheet of polaroid, and students frequently drew the structure of 2-methylbutan-2-ol rather
than its chiral isomer. Most students stated that the alcohol was more polar than the alkene, but fewer mentioned that it could form hydrogen
bonds to water and even less linked this to the presence of the hydroxyl group. Almost all students recognized that the hydrolysis was Sy1, with
an encouraging number being able to write reasonable mechanisms, though many still lost marks through a lack of precision in where their curly
arrows started and ended. Many candidates also stated an appropriate rate equation along with the units of the rate constant. Very few students
linked the difference of two molar mass units to the presence in the molecule of chlorine, with its naturally occurring isotopes, and the discussion
of any effect on the hydrolysis rate often revealed a lack of clear thinking. In contrast many students correctly identified the nitrile as the

intermediate in the chain extension reaction and reagents for its formation and hydrogenation were generally well known.



c.i. Many students could recall the reagents for the hydration of an alkene and recognize the alcohol as a tertiary alcohol that would not undergo
oxidation. Statements regarding optical activity often lacked precision and betrayed confusion with chirality. Very few could correctly describe how
a polarimeter worked, especially the second rotating sheet of polaroid, and students frequently drew the structure of 2-methylbutan-2-ol rather
than its chiral isomer. Most students stated that the alcohol was more polar than the alkene, but fewer mentioned that it could form hydrogen
bonds to water and even less linked this to the presence of the hydroxyl group. Aimost all students recognized that the hydrolysis was Sy 1, with
an encouraging humber being able to write reasonable mechanisms, though many still lost marks through a lack of precision in where their curly
arrows started and ended. Many candidates also stated an appropriate rate equation along with the units of the rate constant. Very few students
linked the difference of two molar mass units to the presence in the molecule of chlorine, with its naturally occurring isotopes, and the discussion
of any effect on the hydrolysis rate often revealed a lack of clear thinking. In contrast many students correctly identified the nitrile as the

intermediate in the chain extension reaction and reagents for its formation and hydrogenation were generally well known.

c.ii.;Many students could recall the reagents for the hydration of an alkene and recognize the alcohol as a tertiary alcohol that would not undergo
oxidation. Statements regarding optical activity often lacked precision and betrayed confusion with chirality. Very few could correctly describe how
a polarimeter worked, especially the second rotating sheet of polaroid, and students frequently drew the structure of 2-methylbutan-2-ol rather
than its chiral isomer. Most students stated that the alcohol was more polar than the alkene, but fewer mentioned that it could form hydrogen
bonds to water and even less linked this to the presence of the hydroxyl group. Almost all students recognized that the hydrolysis was Sx1, with
an encouraging number being able to write reasonable mechanisms, though many still lost marks through a lack of precision in where their curly
arrows started and ended. Many candidates also stated an appropriate rate equation along with the units of the rate constant. Very few students
linked the difference of two molar mass units to the presence in the molecule of chlorine, with its naturally occurring isotopes, and the discussion
of any effect on the hydrolysis rate often revealed a lack of clear thinking. In contrast many students correctly identified the nitrile as the

intermediate in the chain extension reaction and reagents for its formation and hydrogenation were generally well known.

c.iiiMany students could recall the reagents for the hydration of an alkene and recognize the alcohol as a tertiary alcohol that would not undergo
oxidation. Statements regarding optical activity often lacked precision and betrayed confusion with chirality. Very few could correctly describe how
a polarimeter worked, especially the second rotating sheet of polaroid, and students frequently drew the structure of 2-methylbutan-2-ol rather
than its chiral isomer. Most students stated that the alcohol was more polar than the alkene, but fewer mentioned that it could form hydrogen
bonds to water and even less linked this to the presence of the hydroxyl group. Aimost all students recognized that the hydrolysis was Sy 1, with
an encouraging number being able to write reasonable mechanisms, though many still lost marks through a lack of precision in where their curly
arrows started and ended. Many candidates also stated an appropriate rate equation along with the units of the rate constant. Very few students
linked the difference of two molar mass units to the presence in the molecule of chlorine, with its naturally occurring isotopes, and the discussion
of any effect on the hydrolysis rate often revealed a lack of clear thinking. In contrast many students correctly identified the nitrile as the

intermediate in the chain extension reaction and reagents for its formation and hydrogenation were generally well known.

c.ivMany students could recall the reagents for the hydration of an alkene and recognize the alcohol as a tertiary alcohol that would not undergo
oxidation. Statements regarding optical activity often lacked precision and betrayed confusion with chirality. Very few could correctly describe how
a polarimeter worked, especially the second rotating sheet of polaroid, and students frequently drew the structure of 2-methylbutan-2-ol rather

than its chiral isomer. Most students stated that the alcohol was more polar than the alkene, but fewer mentioned that it could form hydrogen



bonds to water and even less linked this to the presence of the hydroxyl group. Almost all students recognized that the hydrolysis was Sy1, with
an encouraging number being able to write reasonable mechanisms, though many still lost marks through a lack of precision in where their curly
arrows started and ended. Many candidates also stated an appropriate rate equation along with the units of the rate constant. Very few students
linked the difference of two molar mass units to the presence in the molecule of chlorine, with its naturally occurring isotopes, and the discussion
of any effect on the hydrolysis rate often revealed a lack of clear thinking. In contrast many students correctly identified the nitrile as the

intermediate in the chain extension reaction and reagents for its formation and hydrogenation were generally well known.

d. Many students could recall the reagents for the hydration of an alkene and recognize the alcohol as a tertiary alcohol that would not undergo
oxidation. Statements regarding optical activity often lacked precision and betrayed confusion with chirality. Very few could correctly describe how
a polarimeter worked, especially the second rotating sheet of polaroid, and students frequently drew the structure of 2-methylbutan-2-ol rather
than its chiral isomer. Most students stated that the alcohol was more polar than the alkene, but fewer mentioned that it could form hydrogen
bonds to water and even less linked this to the presence of the hydroxyl group. Almost all students recognized that the hydrolysis was Sx1, with
an encouraging number being able to write reasonable mechanisms, though many still lost marks through a lack of precision in where their curly
arrows started and ended. Many candidates also stated an appropriate rate equation along with the units of the rate constant. Very few students
linked the difference of two molar mass units to the presence in the molecule of chlorine, with its naturally occurring isotopes, and the discussion
of any effect on the hydrolysis rate often revealed a lack of clear thinking. In contrast many students correctly identified the nitrile as the

intermediate in the chain extension reaction and reagents for its formation and hydrogenation were generally well known.

o

i.Many students could recall the reagents for the hydration of an alkene and recognize the alcohol as a tertiary alcohol that would not undergo
oxidation. Statements regarding optical activity often lacked precision and betrayed confusion with chirality. Very few could correctly describe how
a polarimeter worked, especially the second rotating sheet of polaroid, and students frequently drew the structure of 2-methylbutan-2-ol rather
than its chiral isomer. Most students stated that the alcohol was more polar than the alkene, but fewer mentioned that it could form hydrogen
bonds to water and even less linked this to the presence of the hydroxyl group. Aimost all students recognized that the hydrolysis was Sy 1, with
an encouraging number being able to write reasonable mechanisms, though many still lost marks through a lack of precision in where their curly
arrows started and ended. Many candidates also stated an appropriate rate equation along with the units of the rate constant. Very few students
linked the difference of two molar mass units to the presence in the molecule of chlorine, with its naturally occurring isotopes, and the discussion
of any effect on the hydrolysis rate often revealed a lack of clear thinking. In contrast many students correctly identified the nitrile as the

intermediate in the chain extension reaction and reagents for its formation and hydrogenation were generally well known.

e.iiMany students could recall the reagents for the hydration of an alkene and recognize the alcohol as a tertiary alcohol that would not undergo
oxidation. Statements regarding optical activity often lacked precision and betrayed confusion with chirality. Very few could correctly describe how
a polarimeter worked, especially the second rotating sheet of polaroid, and students frequently drew the structure of 2-methylbutan-2-ol rather
than its chiral isomer. Most students stated that the alcohol was more polar than the alkene, but fewer mentioned that it could form hydrogen
bonds to water and even less linked this to the presence of the hydroxyl group. Almost all students recognized that the hydrolysis was Sx1, with
an encouraging number being able to write reasonable mechanisms, though many still lost marks through a lack of precision in where their curly

arrows started and ended. Many candidates also stated an appropriate rate equation along with the units of the rate constant. Very few students



linked the difference of two molar mass units to the presence in the molecule of chlorine, with its naturally occurring isotopes, and the discussion
of any effect on the hydrolysis rate often revealed a lack of clear thinking. In contrast many students correctly identified the nitrile as the

intermediate in the chain extension reaction and reagents for its formation and hydrogenation were generally well known.

e.iiiMany students could recall the reagents for the hydration of an alkene and recognize the alcohol as a tertiary alcohol that would not undergo

f.

oxidation. Statements regarding optical activity often lacked precision and betrayed confusion with chirality. Very few could correctly describe how
a polarimeter worked, especially the second rotating sheet of polaroid, and students frequently drew the structure of 2-methylbutan-2-ol rather
than its chiral isomer. Most students stated that the alcohol was more polar than the alkene, but fewer mentioned that it could form hydrogen
bonds to water and even less linked this to the presence of the hydroxyl group. Almost all students recognized that the hydrolysis was Sx1, with
an encouraging number being able to write reasonable mechanisms, though many still lost marks through a lack of precision in where their curly
arrows started and ended. Many candidates also stated an appropriate rate equation along with the units of the rate constant. Very few students
linked the difference of two molar mass units to the presence in the molecule of chlorine, with its naturally occurring isotopes, and the discussion
of any effect on the hydrolysis rate often revealed a lack of clear thinking. In contrast many students correctly identified the nitrile as the

intermediate in the chain extension reaction and reagents for its formation and hydrogenation were generally well known.

. Many students could recall the reagents for the hydration of an alkene and recognize the alcohol as a tertiary alcohol that would not undergo

oxidation. Statements regarding optical activity often lacked precision and betrayed confusion with chirality. Very few could correctly describe how
a polarimeter worked, especially the second rotating sheet of polaroid, and students frequently drew the structure of 2-methylbutan-2-ol rather
than its chiral isomer. Most students stated that the alcohol was more polar than the alkene, but fewer mentioned that it could form hydrogen
bonds to water and even less linked this to the presence of the hydroxyl group. Almost all students recognized that the hydrolysis was Sy1, with
an encouraging number being able to write reasonable mechanisms, though many still lost marks through a lack of precision in where their curly
arrows started and ended. Many candidates also stated an appropriate rate equation along with the units of the rate constant. Very few students
linked the difference of two molar mass units to the presence in the molecule of chlorine, with its naturally occurring isotopes, and the discussion
of any effect on the hydrolysis rate often revealed a lack of clear thinking. In contrast many students correctly identified the nitrile as the

intermediate in the chain extension reaction and reagents for its formation and hydrogenation were generally well known.

.Many students could recall the reagents for the hydration of an alkene and recognize the alcohol as a tertiary alcohol that would not undergo

oxidation. Statements regarding optical activity often lacked precision and betrayed confusion with chirality. Very few could correctly describe how
a polarimeter worked, especially the second rotating sheet of polaroid, and students frequently drew the structure of 2-methylbutan-2-ol rather
than its chiral isomer. Most students stated that the alcohol was more polar than the alkene, but fewer mentioned that it could form hydrogen
bonds to water and even less linked this to the presence of the hydroxyl group. Almost all students recognized that the hydrolysis was Sx1, with
an encouraging number being able to write reasonable mechanisms, though many still lost marks through a lack of precision in where their curly
arrows started and ended. Many candidates also stated an appropriate rate equation along with the units of the rate constant. Very few students
linked the difference of two molar mass units to the presence in the molecule of chlorine, with its naturally occurring isotopes, and the discussion
of any effect on the hydrolysis rate often revealed a lack of clear thinking. In contrast many students correctly identified the nitrile as the

intermediate in the chain extension reaction and reagents for its formation and hydrogenation were generally well known.



g.iiMany students could recall the reagents for the hydration of an alkene and recognize the alcohol as a tertiary alcohol that would not undergo
oxidation. Statements regarding optical activity often lacked precision and betrayed confusion with chirality. Very few could correctly describe ho
a polarimeter worked, especially the second rotating sheet of polaroid, and students frequently drew the structure of 2-methylbutan-2-ol rather
than its chiral isomer. Most students stated that the alcohol was more polar than the alkene, but fewer mentioned that it could form hydrogen
bonds to water and even less linked this to the presence of the hydroxyl group. Aimost all students recognized that the hydrolysis was Sy 1, with
an encouraging humber being able to write reasonable mechanisms, though many still lost marks through a lack of precision in where their curly
arrows started and ended. Many candidates also stated an appropriate rate equation along with the units of the rate constant. Very few students
linked the difference of two molar mass units to the presence in the molecule of chlorine, with its naturally occurring isotopes, and the discussion
of any effect on the hydrolysis rate often revealed a lack of clear thinking. In contrast many students correctly identified the nitrile as the

intermediate in the chain extension reaction and reagents for its formation and hydrogenation were generally well known.

There are several structural isomers with the molecular formula CsH;1Br.

All the isomers react when warmed with a dilute aqueous solution of sodium hydroxide according to the equation below.

CsH11Br + NaOH — C;H11OH + NaBr

a. Deduce the name of one of the isomers which can exist as enantiomers and draw three-dimensional representations of its two enantiomers.

b.i.The reaction with 1-bromopentane proceeds by an Sx2 mechanism. Describe this mechanism using structural formulas and curly arrows to

represent the movement of electron pairs.

b.iiThe reaction with 2-bromo-2-methylbutane proceeds by an Sy1 mechanism. Describe this mechanism using structural formulas and curly

arrows to represent the movement of electron pairs.
b.iiExplain why 1-bromopentane reacts by an Sx2 mechanism whereas 2-bromo-2-methylbutane reacts by an Sx1 mechanism.
b.ivExplain whether the boiling point of 1-bromopentane will be higher, lower or the same as that of 2-bromo-2-methylbutane.

b.vThe product CsH;; OH formed from the reaction with 1-bromopentane is warmed with ethanoic acid in the presence of a few drops of

concentrated sulfuric acid. State the name of the type of reaction taking place and the structural formula of the organic product.

Markscheme

Br Br

2-b t - "
romopentane o CH, H,C W‘! ~g
H,CH,CH; H,CH,CH,

OR

w

(3]

(3]

(3]

(3]

(3]

(2]



CH; CH,;

1-bromo-2-methylbutane i., " (L
' IlI \II"
BeH,C - ! H Hw C‘ \‘“CHQBI
oHs H;G,
OR
CH,4 CH;
2-bromo-3-methylbutane - Bruo ~
"y u
(CHypHC \ ’ A CHCE

correct isomer 3D structure;

correct name;

correct enantiomer 3D structure;

If compound incorrectly named award [2 max] for two correct 3D enantiomers,

and [1 max] for a correct structure of an enantiomer not shown in 3D.

If non-optically active isomers given (e.g. 2-bromo-2-methyl-butane) award [1 max]

if name and 3D structure are correct.

Accept condensed form for alkyl chain throughout.
el Catlo H B
HU----J:---_Br

A
H IL Br }/ \C4H9

C4Hqg
+ Br
HO/FL\H

curly arrow going from lone pair/negative charge on O in HO™ to C bonded to Br;

Do not allow curly arrow originating on H in HO™ (e.g. originating on negative charge on H i.e. lone pair/negative charge must be on O).
curly arrow from C-Br bond to form Br ™ (this can also be shown in transition state);

transition state showing overall negative charge;

Accept condensed formulas as long as curly arrows can still be shown e.g.

H

C4H9—J;—Br

Accept HgC4—l—

If wrong formula used for halogenoalkane, e.g. 1-bromobutane award [2 max].



b

b

b

b

HO~
v CH

.. CH, CH, 3
CHS—LJ:—(_QI B CHs—é+ ‘—/4h CH3—J.'—OH + Br
l:Hs é2Hs isz

curly arrow from C-Br bond to form Br~;

correct structure of tertiary carbocation;

curly arrow going from lone pair/negative charge on O in HO™ to C;

If non-bonding pair not shown then arrow must originate from negative sign on O or the minus sign.
Only penalize arrow from H once in (b).

If wrong formula is used for 2-bromo-2-methylbutane award [2 max].
.iithe C bonded to the Br in 1-bromopentane is also bonded to two H atoms so can accommodate five groups around it in the transition state /

OWTTE;

the C bonded to the Br in 2-bromo-2-methylbutane has three other (bulky) groups bonded to it so cannot accommodate five groups around it in
the transition state / OWTTE;

2-bromo-2-methylbutane forms a tertiary carbocation which is stabilized by the positive inductive effect of the three alkyl groups / OWTTE;

1-bromopentane would form a primary carbocation (if it went by Sn2) which is much less stable as there is only one alkyl group exerting a positive
inductive effect / OWTTE;

.ithe boiling point of 1-bromopentane is higher than the boiling point of 2-bromo-2-methylbutane;

2-bromo-2-methylbutane is more spherical in shape / less surface area in contact between molecules of 2-bromo-2-methylbutane than between
molecules of 1-bromopentane / OWTTE;

hence weaker intermolecular forces of attraction/van der Waals’ forces of attraction between molecules of 2-bromo-2-methylbutane / OWTTE;
.vesterification / condensation;

CH;3-CO-0—-(CH,),CH;/CH;COO(CHy),CHs/
CH;COOCH,CH,CH,CH,CH; /

0
cH—c?
O—CH,—CH,—CH,—CH,—CH,

Accept CHg—CO—O—C5H1 1

Examiners report

a

. Although the least popular question, candidates were generally well prepared particularly in drawing enantiomers and describing the mechanisms

for the two nucleophilic substitution reactions.

b.i.The representation of the Sx1 and Sx2 mechanisms using curly arrows has significantly improved from previous sessions but mistakes are still

being made.

Common errors in the SN2 mechanism include the curly arrow originating from the H in the hydroxide ion instead of the lone pair on the oxygen
and the omission of the negative charge or square brackets from the transition state.

b.iilt was also disappointing to see H-C bonds in the transition state and HO-C-Br angles of less than 180°. If a candidate fully understood that the

attack must be on the opposite side from the leaving group than this type of mistake would not appear. Explanations of why primary

halogenoalkanes undergo Sx2 reactions and why primary structures favour Sx1 reactions in terms of steric hindrance and carbocation stability



were often incomplete with few candidates gaining full marks. Students should note that when asked to compare two molecules, their answers
should refer explicitly to both; i.e. they had to mention that a tertiary compound halogenoalkane did have steric hindrance and a primary
compound did not have steric hindrance. Some candidates also struggled to gave a full explanation of the higher boiling point of 1-bromopentane
in terms of the greater surface contact between neighbouring molecules. Most candidates were familiar with the esterification reaction and able to
give the structural formula of pentyl ethanoate. The prediction of the organic products of the elimination reaction proved to be beyond many, as
candidates struggled to apply their knowledge in an unfamiliar context. Similarly, many were unable to give the equation for the condensation
polymerisation reaction between benzene-1,4-dicarboxylc acid and pentane-1,5-diol. A significant number of students misread the question and

attempted to describe a reaction between the acid and 1,5-dibromopentane instead.

b.iiilt was also disappointing to see H-C bonds in the transition state and HO-C-Br angles of less than 180°. If a candidate fully understood that the
attack must be on the opposite side from the leaving group than this type of mistake would not appear. Explanations of why primary
halogenoalkanes undergo Sx2 reactions and why primary structures favour Sx1 reactions in terms of steric hindrance and carbocation stability
were often incomplete with few candidates gaining full marks. Students should note that when asked to compare two molecules, their answers
should refer explicitly to both; i.e. they had to mention that a tertiary compound halogenoalkane did have steric hindrance and a primary
compound did not have steric hindrance. Some candidates also struggled to gave a full explanation of the higher boiling point of 1-bromopentane
in terms of the greater surface contact between neighbouring molecules. Most candidates were familiar with the esterification reaction and able to
give the structural formula of pentyl ethanoate. The prediction of the organic products of the elimination reaction proved to be beyond many, as
candidates struggled to apply their knowledge in an unfamiliar context. Similarly, many were unable to give the equation for the condensation
polymerisation reaction between benzene-1,4-dicarboxylc acid and pentane-1,5-diol. A significant number of students misread the question and

attempted to describe a reaction between the acid and 1,5-dibromopentane instead.

b.iMt was also disappointing to see H-C bonds in the transition state and HO-C-Br angles of less than 180°. If a candidate fully understood that the
attack must be on the opposite side from the leaving group than this type of mistake would not appear. Explanations of why primary
halogenoalkanes undergo Sn2 reactions and why primary structures favour Sn1 reactions in terms of steric hindrance and carbocation stability
were often incomplete with few candidates gaining full marks. Students should note that when asked to compare two molecules, their answers
should refer explicitly to both; i.e. they had to mention that a tertiary compound halogenoalkane did have steric hindrance and a primary
compound did not have steric hindrance. Some candidates also struggled to gave a full explanation of the higher boiling point of 1-bromopentane
in terms of the greater surface contact between neighbouring molecules. Most candidates were familiar with the esterification reaction and able to
give the structural formula of pentyl ethanoate. The prediction of the organic products of the elimination reaction proved to be beyond many, as
candidates struggled to apply their knowledge in an unfamiliar context. Similarly, many were unable to give the equation for the condensation
polymerisation reaction between benzene-1,4-dicarboxylc acid and pentane-1,5-diol. A significant number of students misread the question and

attempted to describe a reaction between the acid and 1,5-dibromopentane instead.

b.vit was also disappointing to see H-C bonds in the transition state and HO-C-Br angles of less than 180°. If a candidate fully understood that the
attack must be on the opposite side from the leaving group than this type of mistake would not appear. Explanations of why primary
halogenoalkanes undergo Sn2 reactions and why primary structures favour Sy1 reactions in terms of steric hindrance and carbocation stability

were often incomplete with few candidates gaining full marks. Students should note that when asked to compare two molecules, their answers



should refer explicitly to both; i.e. they had to mention that a tertiary compound halogenoalkane did have steric hindrance and a primary
compound did not have steric hindrance. Some candidates also struggled to gave a full explanation of the higher boiling point of 1-bromopentane
in terms of the greater surface contact between neighbouring molecules. Most candidates were familiar with the esterification reaction and able to
give the structural formula of pentyl ethanoate. The prediction of the organic products of the elimination reaction proved to be beyond many, as
candidates struggled to apply their knowledge in an unfamiliar context. Similarly, many were unable to give the equation for the condensation
polymerisation reaction between benzene-1,4-dicarboxylc acid and pentane-1,5-diol. A significant number of students misread the question and

attempted to describe a reaction between the acid and 1,5-dibromopentane instead.

25.0 cm? of 0.200 mol dm 3 ethanoic acid was added to 30.0 cm? of a 0.150 mol dm 2 sodium hydrogencarbonate solution, NaHCO3(aq).

The molar mass of a volatile organic liquid, X, can be determined experimentally by allowing it to vaporize completely at a controlled temperature and
pressure. 0.348 g of X was injected into a gas syringe maintained at a temperature of 90 °C and a pressure of 1.01 X 10° Pa. Once it had reached

equilibrium, the gas volume was measured as 95.0 cm?.

Bromoethane, CH3 CH2Br, undergoes a substitution reaction to form ethylamine, CHs CH2NHa.

Many organic compounds exist as stereoisomers.

a. Outline how electrical conductivity can be used to distinguish between a 0.200 mol dm 3 solution of ethanoic acid, CH3COOH, and a [1]

0.200 mol dm ™~ solution of hydrochloric acid, HCI.

b. () State an equation for the reaction of ethanoic acid with a solution of sodium hydrogencarbonate. [5]

(i) Determine which is the limiting reagent. Show your working.

(i)  Calculate the mass, in g, of carbon dioxide gas produced.

c. () Determine the amount, in mol, of X in the gas syringe. [4]



(i) Calculate the molar mass of X.

d.i.Deduce the mechanism for the reaction using equations and curly arrows to represent the movement of electron pairs. [3]

e. () Outline the meaning of the term stereoisomers. [6]

(i) Draw the structures of the two stereoisomers of dichloroethene, CoH2Cls.

(i)  Explain why this type of stereoisomerism exists in CoHsCls.

(iv) Draw the structures of the two stereoisomers of 1-chloro-1-fluoroethane, CoH4F Cl, showing the relationship between them.

(v)  Outline how the two isomers of CoH4FCl could be distinguished from each other.

Markscheme

a. HClis a strong acid and CH3COOH is a weak acid so HCI has higher conductivity / HCI dissociates completely in water and CH3 COOH does

not, so HCI has higher conductivity / HCl is a stronger acid (than CH3COOH) so has higher [Hﬂ and higher conductivity;

b. () CH3COOH(aq) + HCO; (aq) — CH3COO™ (aq) + H2O(1) + CO2(g);

Accept NaHCO3s(aq) and CH3COONa (aq) instead of ions.

Ignore state symbols.

(i) n(CH3COOH) = 0.00500 (mol) and n(NaHCO3) = 0.00450 (mol);
NaHCOs is limiting;

(i) n(CO2) = n(NaHCO3) = 0.00450 (mol);

m(CO2) = 0.00450 x 44.01 = 0.198(g);

Award [2] for correct final answer.
c. ) T=363KandV =9.50 x 1075 m?;

Accept V=9.5 x 1072 dm® if P is used as 101 kPa in calculation.

_ PV 1.01x10°x9.50x10°°
~ RT — 8.31x363 ’

= 3.18 x 1073 (mol);

Award [3] for correct final answer.

0 A (3= ) 109 g™



H H H
d.i. H
HyN H/T{Er HH/T\H/C C:i —‘-HwN/T\“‘C‘H: HBr
CH; ¥ H '

curly arrow going from lone pair on N in NHj to C;
curly arrow showing Br leaving;
Accept curly arrow going from bond between C and Br to Br on 1-bromoethane or on the transition state.

representation of transition state showing square brackets, two partial bonds and curly arrow going from NH bond to NC partial bond/curly arrow
going from NH bond to N;

Do not penalize if NHz and Br are not at 180° to each other.

Do not award M3 if NH3—C bond is represented.

e. (i) compounds with same structural formula but different arrangements of atoms in space;

H H Cl H
N S N,/
/C —( \ and /{ —( \
Cl Cl H Cl
The two structures must be clear 3D representations of mirror images.

Tapered (wedge/dash) notation not necessary.

(iii) restricted rotation around (C=C) double bond;

(iv)
ll: | cl

”/‘v',;'--'c Hy Hyt '-"?l ~p
F | ¥

(v) the two enantiomers rotate the plane of plane-polarized light by equal amounts, but in opposite directions;

using a polarimeter;

Examiners report

a. Poorly constructed symbolic equations on what should be relatively simple reactions once again impeded candidates from credit. The use of
pV = nRT often scored for error carried forward even when they lost the first mark from incorrect use of units for pressure. The attempts at the
Sn2 mechanisms were generally poor, with errors both in the attacking nucleophile, and the sloppy use of curly arrows which indicate that many
students have a basic lack of understanding about what they represent. While candidates could score the first two marks, the third mark was
almost never awarded. Conditions and reagents in d(ii) and d(iii) were rarely known, and definitions of stereocisomers and the representation of 3D

structures was disappointing.
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Poorly constructed symbolic equations on what should be relatively simple reactions once again impeded candidates from credit. The use of
pV = nRT often scored for error carried forward even when they lost the first mark from incorrect use of units for pressure. The attempts at the
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students have a basic lack of understanding about what they represent. While candidates could score the first two marks, the third mark was
almost never awarded. Conditions and reagents in d(ii) and d(iii) were rarely known, and definitions of stereocisomers and the representation of 3D

structures was disappointing.

Buta-1,3-diene can be hydrogenated to produce butane, according to the reaction below.

C4Hg(g) + 2H2(g) — C4Hio(g)

State the conditions necessary for this reaction.

Determine the standard enthalpy change of reaction, AH@, inkJ mol_l, at 298 K for the hydrogenation reaction, using Table 11 of the Data

Booklet.

Calculate the standard free energy change, AG®,ink]J molfl, at 298 K for the hydrogenation reaction, using Table 11 of the Data Booklet.

(2]

(1]

(1]



(i)

(i)

v)

Determine the standard entropy change of the reaction, AS®, at298 K, inkJ Kilmolfl, using your answers from (b) and (c).

Explain why the standard entropy change for the hydrogenation of buta-1,3-diene has a negative sign.

Predict whether the hydrogenation reaction becomes more or less spontaneous as the temperature increases.

Determine the temperature, in K, at which the spontaneity changes.

Determine the standard entropy, S®, for hydrogen in J Kilmolfl, using Table 11 of the Data Booklet and your answer for (d)(i).

Markscheme

a. heat /warm/ 140-225 °C;

Do not accept high temperature.

(finely divided) catalyst / Zn/Cu/Ni/Pd/Pt;

b. AH® = (EAHJ? (products) — SAH P (reactants) = —127 — (110 +0) =) — 327 (kJmol *);

c. AG® = (EAG?(productS) - EAG?(reactants) =-16 — (1524 0) :> — 168 (kJ mol 1);

d. () AS®— (

209 ’

AH®—AG® 7) —237—(-168)
T

= —0.232 (kJK 'mol ');

Award [2] for correct final answer.

Award [2] for =232 J K~ mol”" (units must be given).

(ii)
(il

3 mol of gaseous reactants and 1 mol of gaseous products / fewer moles of gas in products;

spontaneity decreases (as temperature increases because TAS © becomes a larger negative value/AG® becomes positive at higher

temperatures);

(iv)

AG® = AH® —TAS® =0/ — 237 — T(—0.232) = 0;

T = 1020 (K);

Remember to allow ECF from 4(d)(i).

v)

AS® = ¥5°(products) — 99 (reactants)/ — 232 = 310 — (279 + 2S°(H>));

SO(Hz) = 3(310 — 279 + 232) = 132 JK 'mol ');

Award [2] for correct final answer.

Remember to allow ECF from 4(d)(i).

(8]



Examiners report

a. Conditions for the reaction, even though the mark scheme accepted fairly vague answers, were not well known. The calculations of enthalpy,
entropy and Gibbs free energy scored well; it was pleasing to note that many realised the importance of conversion of units in part d(v). The link
between the changes in temperature and the effect on spontaneity was understood, but many lost credit on part d(ii) for failing to mention the

change in the number of gaseous moles. In d(v) most candidates missed the fact that 2 moles of hydrogen were present in the equation.

b. Conditions for the reaction, even though the mark scheme accepted fairly vague answers, were not well known. The calculations of enthalpy,
entropy and Gibbs free energy scored well; it was pleasing to note that many realised the importance of conversion of units in part d(v). The link
between the changes in temperature and the effect on spontaneity was understood, but many lost credit on part d(ii) for failing to mention the

change in the number of gaseous moles. In d(v) most candidates missed the fact that 2 moles of hydrogen were present in the equation.

c. Conditions for the reaction, even though the mark scheme accepted fairly vague answers, were not well known. The calculations of enthalpy,
entropy and Gibbs free energy scored well; it was pleasing to note that many realised the importance of conversion of units in part d(v). The link
between the changes in temperature and the effect on spontaneity was understood, but many lost credit on part d(ii) for failing to mention the

change in the number of gaseous moles. In d(v) most candidates missed the fact that 2 moles of hydrogen were present in the equation.

d. Conditions for the reaction, even though the mark scheme accepted fairly vague answers, were not well known. The calculations of enthalpy,
entropy and Gibbs free energy scored well; it was pleasing to note that many realised the importance of conversion of units in part d(v). The link
between the changes in temperature and the effect on spontaneity was understood, but many lost credit on part d(ji) for failing to mention the

change in the number of gaseous moles. In d(v) most candidates missed the fact that 2 moles of hydrogen were present in the equation.

The photochemical chlorination of methane can occur at low temperature.

The overall equation for monochlorination of methane is:

CHy(g) + Clao(g) — CH3Cl(g) + HCl(g)

Calculate the standard enthalpy change for the reaction, AH®, using section 12 of the data booklet.

Markscheme

«AH® =» —82.0 «kJ» —92.3 «kd» — (-74.0 «kJ»)

«AH® =» -100.3 «kJ»

Award [2] for correct final answer.

[2 marks]

Examiners report

[N/A]



This question is about ethene, C,H,4, and ethyne, CoH,.

a.i. Ethyne, like ethene, undergoes hydrogenation to form ethane. State the conditions required. [2]
a.ii.Outline the formation of polyethene from ethene by drawing three repeating units of the polymer. [1]
b. Ethyne reacts with chlorine in a similar way to ethene. Formulate equations for the following reactions. [2]

One mole of ethyne reacts with one mole of chlorine:

One mole of benzene reacts with one mole of chlorine:

c.i.Under certain conditions, ethyne can be converted to benzene. 2]

Determine the standard enthalpy change, AH®, for the reaction stated, using section 11 of the data booklet.

3C2Ha(g) — CeHe(9)
c.ii Determine the standard enthalpy change, AH®, for the following similar reaction, using AH; values in section 12 of the data booklet. [2]
3C2H,(9) — CgHe(l)
c.iiiExplain, giving two reasons, the difference in the values for (c)(i) and (ii). If you did not obtain answers, use —475 kJ for (i) and —600 kJ for (ii). [2]
c.ivCalculate the standard entropy change, AS®, in J K=", for the reaction in (i) using section 12 of the data booklet. [1]
c.vDetermine, showing your working, the spontaneity of the reaction in (ii) at 25 °C. [3]
d. One possible Lewis structure for benzene is shown. [1]
T
H cC H
~Na X
[
C C
~ 2N
H \“c‘:’/ H
H

State one piece of physical evidence that this structure is incorrect.

Markscheme



a.i.nickel/Ni «catalyst»

high pressure
OR

heat

Accept these other catalysts: Pt, Pd, Ir, Rh, Co, Ti.
Accept “high temperature” or a stated temperature such as “150 °C”.
[2 marks]

H H H H H

a.ii. |
?—C—C—C—G—
H

I—0O—xI

H H H H

Ignore square brackets and “n”.
Connecting line at end of carbons must be shown.

[1 mark]
b. ethyne: CoH, + Cl, — CHCICHCI

benzene: CgHg + Cl, — CgHsCl + HCI

Accept “CoH-Cly”.

[2 marks]
c.i. AH® = bonds broken — bonds formed

«AH® = 3(C=C) — 6(C===C)penzene / 3 X 839 —6 X 507 / 2517 — 3042 =» —525 «kJ»

Award [2] for correct final answer.

Award [1 max] for “+525 «kd»”.

Award [1 max] for:

«AH® = 3(C=C) - 3(C-C) - 3(C=C) / 3 x 839 -3 X 346 -3 X 614 /2517 — 2880 =» —363 «kJ».

[2 marks]
c.iiAH® = SAH; (products) — YAH; (reactants)

«AH® = 49 kJ — 3 X 228 kJ =» —635 «kJ»

Award [2] for correct final answer.
Award [1 max] for “+635 «kJ»”.

[2 marks]
C.iiilAH; values are specific to the compound

OR

bond enthalpy values are averages «from many different compounds»



condensation from gas to liquid is exothermic

Accept “benzene is in two different states «one liquid the other gas»” for M2.

[2 marks]

C.IwAS® = 173 - 3 X 201 =» -430 «J K™"»
[1 mark]

C.V.T = «25 + 273 =» 298 «K»

AG® «= —635 kJ — 298 K x (-0.430 kJ K™")» = =507 kJ

AG® < 0 AND spontaneous

AG® < 0 may be inferred from the calculation.

[3 marks]
d. equal C-C bond «lengths/strengths»

OR

regular hexagon

OR

«all» C-C have bond order of 1.5
OR

«all» C-C intermediate between single and double bonds

Accept “all C-C-C bond angles are equal”.
[1 mark]

Examiners report

ai. VA
ailNVA
o INA]
ci. VA
c.iNA
IN/A]

c.iiit
c.idVAl

c.vINVA]
4. IN/A]

Benzene is an aromatic hydrocarbon.

a. Discuss the physical evidence for the structure of benzene. [2]

b. State the typical reactions that benzene and cyclohexene undergo with bromine. [1]



Benzene:

Cyclohexene:
c. State the reagents used to convert benzene to nitrobenzene and the formula of the electrophile formed. [2]
d. Explain the mechanism for the nitration of benzene, using curly arrows to show the movement of electron pairs. [4]
e. State the reagents used in the two-stage conversion of nitrobenzene to aniline. [2]

Markscheme

a. Any two of:

planar «X-ray»

C to C bond lengths all equal
OR
C to C bonds intermediate in length between C-C and C=C

all C-C-C bond angles equal

[2 marks]
b. benzene: «electrophilic» substitution/Sg
AND

cyclohexene: «electrophilic» addition/Ag

Accept correct equations.

[1 mark]
c. «concentrated» nitric AND sulfuric acids

*NO»

Accept NOo™.

[2 marks]



d.
—_—
NO5

*NO,

—_— + H*
H
NO,

NO,

curly arrow going from benzene ring to N of *NO2/NO,*
carbocation with correct formula and positive charge on ring
curly arrow going from C-H bond to benzene ring of cation

formation of organic product AND H*

Accept mechanism with corresponding Kekulé structures.

Do not accept a circle in M2 or M3.

Accept first arrow starting either inside the circle or on the circle.
M2 may be awarded from correct diagram for M3.

M4: Accept CgHsNO, + HoSOy if HSO,4~ used in M3.
e. Fe/Zn/Sn AND HCI/H,SO,/CH;COOH

NaOH/KOH

Accept other suitable metals and acids.

Accept other suitable bases.

Award [1 max] for single-step reducing agents (such as Ho/Pt, Na,S etc.).
Accept formulas or names.

[2 marks]

Examiners report

[N/A]
" IN/A]
" IN/A]
" IN/A]
" IN/A]

® O O T Q

This question is about the reactions of halogenoalkanes.

a. Compare and contrast the mechanisms by which 1-chlorobutane, CH3CH2CH>CH2Cl, and 2-chloro-2-methylpropane, (CH3)3CCl, react with [3]

aqueous sodium hydroxide, giving two similarities and one difference.



Two similarities:

One difference:

b. Outline why the rate of reaction of the similar bromo-compounds is faster.
c.i. State the organic product of the reaction between 1-chlorobutane, CH3CH,CH,CH,CI, and aqueous sodium hydroxide.
c.ii.Suggest how this product could be synthesized in one step from butanoic acid.

c.iiDeduce the name of the class of compound formed when the product of (c)(i) reacts with butanoic acid.

Markscheme

a. Any two similarities:

heterolytic bond breaking
OR

chloride ions leave

nucleophilic/OH™ substitution

both first order with regard to [halogenoalkane]

One difference:

CH3CH2>CH2CH2Cl is second order/bimolecular/Sy2 AND (CHs)sCCl is first order/unimolecular/Sy1
OR

CH3CH2>CH2CHCI rate depends on [OH"] AND (CH3)3CClI does not

OR

CH3CH2CH2CH2Cl is one step AND (CH3)3CCl is two steps

OR

(CHg3)3CCl involves an intermediate AND CH3CH2CH2CH2Cl does not

OR

CH3CH>CH>CHCl has inversion of configuration AND (CHgz)3CCl has c. 50 : 50 retention and inversion

(1]

(1]

(1]

)



Do not accept “produces alcohol” or “produces NaCl”.
Accept “substitution in 1-chlorobutane and «some» elimination in 2-chloro-2-methylpropane”.

[3 marks]

b. C-Br bond weaker than C-CI bond

Accept “Br~ is a better leaving group”.
Do not accept "bromine is more reactive".
Do not accept “C-Br bond is longer than C-CI” alone.

[1 mark]

c.i. butan-1-ol/CH3;CH,CH,CH,OH

Do not accept “butanol” for “butan-1-ol”.
Accept “1-butanol”.
Do not penalize for name if correct formula is drawn.

[1 mark]

c.ii«reduction with» lithium aluminium hydride/LiAlH,4

Do not accept “sodium borohydride/NaBH .

[1 mark]
c.iiiester

[1 mark]

Examiners report
IN/A]
b, [INVA]
ci. VA
cil VA

c.il /Al

Organic compounds often have isomers.

A straight chain molecule of formula CsH+10O contains a carbonyl group. The compound cannot be oxidized by acidified potassium dichromate(VI)
solution.

A tertiary halogenoalkane with three different alkyl groups, (R1R2R3)C—X, undergoes a Sny1 reaction and forms two isomers.

a.i. Deduce the structural formulas of the two possible isomers. [2]

a.iiMass spectra A and B of the two isomers are given. [2]
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[Source: NIST Mass Spec Data Center, S.E. Stein, director, "Mass Specira” in MIST Chemisiry WebBook, NIST Standard
Reference Database Number 69, Eds. P.J. Linstrom and W.G. Mallard, National Institute of Standards and Technology,
Gaithersburg MD, 20899, doi:10.18434/T40D303, (retrieved May 31, 2018).]

Explain which spectrum is produced by each compound using section 28 of the data booklet.

b.i.State the type of bond fission that takes place in a Sy1 reaction.

b.iiState the type of solvent most suitable for the reaction.

b.iiDraw the structure of the intermediate formed stating its shape.

(1]

(1]

(2]



b.iSuggest, giving a reason, the percentage of each isomer from the Sy1 reaction.

c. Nitrobenzene, CgHsNO,, can be converted to phenylamine via a two-stage reaction.

In the first stage, nitrobenzene is reduced with tin in an acidic solution to form an intermediate ion and tin(ll) ions. In the second stage, the

intermediate ion is converted to phenylamine in the presence of hydroxide ions.

Formulate the equation for each stage of the reaction.

Stage one:

ali. H H H Q H o
A
T e
H H H H
H H o] H H O
nEEEEE
RN

Accept condensed formulas.

[2 marks]
a.iAr

CH3CH2COCH2CH3 AND «peak at» 29 due to

(2]

(2]



(CH3CH,)*/(CoHs)*/(M — CH3CH,CO)*

OR

CH3CH,COCH,CH3; AND «peak at» 57 due to
(CH3CH,CO)*/(M — CH3CHo)*/(M — CoHs)*

B:
CH3;COCH,CH,CH3; AND «peak at» 43 due to
(CH3CH,CHo)*/(CH3CO)*/(CoH30) /(M — CHCOY*

Penalize missing “+” sign once only.
Accept “CH3COCH>CH,CH3 by elimination since fragment CH3CO is not listed” for M2.

[2 marks]

b.i.heterolytic/heterolysis

[1 mark]

b.iipolar protic

[1 mark]
b.ii. F‘h R4
@ /
C Re—C—R
2 3
nz/ \‘na ®
Shape: triangular/trigonal planar
[2 marks]

b.iwaround» 50% «each»

OR

similar/equal percentages
nucleophile can attack from either side «of the planar carbocation»

Accept “racemic mixture/racemate” for M1.

[2 marks]
c. Stage one:

CgHsNO,(l) + 3Sn(s) + 7H*(aq) — CgHsNH3*(aq) + 3Sn2*(aq) + 2H,0())

Stage two:
CeHsNH3*(aq) + OH(ag) — CgHsNH,(l) + HoO()

[2 marks]



Examiners report

ai VA
ailNVA
b.i. VAl

i N/A]

b.iit /A

b.idVA

. IN/A]

The Bombardier beetle sprays a mixture of hydroquinone and hydrogen peroxide to fight off predators. The reaction equation to produce the spray

can be written as:

CgH4(OH)2(aq) + HoO(aq) — CgHyO5(aq) + 2H,0())
hydroquinone quinone

b.i.Hydrogenation of propene produces propane. Calculate the standard entropy change, AS®, for the hydrogenation of propene.

Formula $°/JK 'mol™
H,(9) +131

C.H:(ag) +267

C.H:(g) +270

b.iiThe standard enthalpy change, AH®, for the hydrogenation of propene is —124.4 kJ mol~". Predict the temperature above which the

hydrogenation reaction is not spontaneous.

Markscheme

b.i.«AS® =» 270 «J K™ mol™» = 267 «J K™ mol™» = 131 «J K" mol™"»

«AS® =» 128 «J K™ mol™'»

Award [2] for correct final answer.

[2 marks]

b.ii«non spontaneous if» AG® =nAHP-TAS® >0
OR
AHO® > TAS®

—124.4 <kJ mol 1>
—0.128 <kJ K~ ' mol 1>

«T above» =» 972 «K»

Award [2] for correct final answer.

(2]

(2]



Accept 699 °C.
Do not award M2 for any negative T value.

[2 marks]

Examiners report

b.i. VA

b.ii[N/Al

This question is about carbon and chlorine compounds.

a. Ethane, C2Hg, reacts with chlorine in sunlight. State the type of this reaction and the name of the mechanism by which it occurs.

Type of reaction:

b.i.Formulate equations for the two propagation steps and one termination step in the formation of chloroethane from ethane.

Two propagation steps:

b.iiDeduce the splitting patterns in the 'H NMR spectrum of CoHsCl.
b.iiExplain why tetramethylsilane (TMS) is often used as a reference standard in "H NMR.

c.i.One possible product, X, of the reaction of ethane with chlorine has the following composition by mass:

carbon: 24.27%, hydrogen: 4.08%, chlorine: 71.65%

Determine the empirical formula of the product.

c.iiThe mass and "H NMR spectra of product X are shown below. Deduce, giving your reasons, its structural formula and hence the name of the

compound.

(1]

(3]

(1]

(2]

(2]

(3]
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[Source: hitp//sdbs.db.aist.go.jp]
c.iiwhen the product X is reacted with NaOH in a hot alcoholic solution, C,H3Cl is formed. State the role of the reactant NaOH other than as a

nucleophile.

d. Chloroethene, C2H3Cl, can undergo polymerization. Draw a section of the polymer with three repeating units.

Markscheme

a. substitution AND «free-»radical

OR

substitution AND chain

Award [1] for “«free-»radical substitution” or “Sr” written anywhere in the answer.

[1 mark]
b.i.Two propagation steps:

CsyHg + oCl — CsHs o +HCI
CyHs e +Cly; — CoH5Cl1 + oCl1

)

)



One termination step:

CoHs o +CoHze — C4Hjg
OR

CoHs o + o Cl — CoH;5Cl
OR

oCl 4 oCl — Cly

Accept radical without e if consistent throughout.
Allow ECF for incorrect radicals produced in propagation step for M3.

[3 marks]
b.iitriplet AND quartet

[1 mark]
b.iichemical shift/signal outside range of common chemical shift/signal

strong signal/12/all H atoms in same environment
OR
singlet/no splitting of the signal

volatile/easily separated/easily removed
OR
inert/stabl

contains three common NMR nuclei/'H and 13C and 2°Si

Do not accept chemical shift = 0.

[2 marks]

: 24.27 4.08 71.65

«hence» CH,CI

24.27  4.08  71.65

Accept 1501 * To1 © a5

Do not accept CoH,Cl».
Award [2] for correct final answer.

[2 marks]
c.iimolecular ion peak(s) «about» m/z 100 AND «so» C,H,Cl, «isotopes of Cl»

two signals «in "H NMR spectrum» AND «so» CH3CHClI,

OR

«signals in» 3:1 ratio «in "H NMR spectrum» AND «so0» CH3CHCI,

OR

one doublet and one quartet «<in '"H NMR spectrum» AND «so» CH3CHClI,

1,1-dichloroethane

Accept “peaks” for “signals”.
Allow ECF for a correct name for M3 if an incorrect chlorohydrocarbon is identified.

[3 marks]



c.iibase
OR

proton acceptor

[1 mark]
« LT
—CC—C—C—C—C
T R
Cl H Cl H Cl

Continuation bonds must be shown.

Ignore square brackets and “n”.

H H

Accept cC—=cC

H Cll,

Accept other versions of the polymer, such as head to head and head to tail.

Accept condensed structure provided all C to C bonds are shown (as single).

[1 mark]

Examiners report

INA)
b.i. VA
b.iN/A

b.iit VAl

ci. VA
c.iNAl
c.it VAl
4 INA

Compound A and compound B are hydrocarbons.

a. (i) State the term that is used to describe molecules that are related to each other in the same way as compound A and compound B.

(3]



(i) Suggest a chemical test to distinguish between compound A and compound B, giving the observation you would expect for each.

Test:
Observation with A:

Observation with B:

. Outline how you could use the IR spectra of compounds A and B and section 26 of the data booklet to identify them.

(1]

Two signals occur in the TH NMR spectrum of compound A. Deduce their expected chemical shift and their splitting pattern, using section 27 of [2]

the data booklet.

Signal 1

Chemical shift / ppm

Splitting pattern

Markscheme

a.

(@
«structural/functional» isomer«s»

(ii)

Test:

«react with» bromine/Brs «in the dark»

OR

«react with» bromine water/Br» (aq) «in the dark»

A: from yellow/orange/brown to colourless AND B: colour remains/slowly decolourized

Accept other correct reagents, such as manganate(VIl) or iodine solutions, and descriptions of the corresponding changes observed.

Accept “decolourized” for A and “not decolourized/unchanged” for B.
Do not accept “clear/transparent” instead of “colourless”.

. compound A would absorb at 1620-1 680«cm™'»

Accept any value in range 1620 - 1680 cm™".

. Signal 1/2 2/1
Chemical shift/ ppm 09-1.0 AND 45-6.0
Splitting pattern singlet AND singlet

Accept 0.9 to 2.0 for the first signal as the C=C affects the CHs shift (actually 1.7).

Accept “none/no splitting” for both splitting patterns

Award [1 max] for the correct deduction (both shift and splitting) of signal 1 or 2.



Examiners report

o INA
b, [N/A]

o, [NA]

A compound with a molecular formula C;H;40 produced the following high resolution 'H NMR spectrum.

10 9 8 I B 5 4 3 2 1 0
Chemical shift / ppm

a.i. Deduce what information can be obtained from the 'TH NMR spectrum. [3]

Number of hydrogen environments:

a.iildentify the functional group that shows stretching at 1710 cm™ in the infrared spectrum of this compound using section 26 of the data booklet [1]

and the 'H NMR.

a.iiiSuggest the structural formula of this compound. [2]
b.i.Bromine was added to hexane, hex-1-ene and benzene. Identify the compound(s) which will react with bromine in a well-lit laboratory. [1]
b.iiDeduce the structural formula of the main organic product when hex-1-ene reacts with hydrogen bromide. [1]

c.i. State the reagents and the name of the mechanism for the nitration of benzene. [2]



Reagents:

c.ii.Outline, in terms of the bonding present, why the reaction conditions of halogenation are different for alkanes and benzene. [1]

d. Below are two isomers, A and B, with the molecular formula C4HgBr. [3]

A B

Explain the mechanism of the nucleophilic substitution reaction with NaOH(aq) for the isomer that reacts almost exclusively by an Sy2
mechanism using curly arrows to represent the movement of electron pairs.

Markscheme

a.i. Number of hydrogen environments: 3

Ratio of hydrogen environments: 2:3:9

Splitting patterns: «all» singlets

Accept any equivalent ratios such as 9:3:2.
Accept “no splitting”.
[3 marks]
a.ii.carbonyl
OR

C=0

Accept “ketone” but not “aldehyde”.

[1 mark]



aiii. TH3 ﬁ'
HiC—C—CH,—C—CHs
CHa
Accept (CH3)3CCH,COCH3.
Award [1] for any aldehyde or ketone with C;H 40 structural formula.

[2 marks]

b.i.hexane AND hex-1-ene

Accept “benzene AND hexane AND hex-1-ene”.
[1 mark]

b.ii CH3CH,CH,CH,CHBrCH;

Accept displayed formula but not molecular formula.

[1 mark]
c.i.Reagents: «concentrated» sulfuric acid AND «concentrated» nitric acid

Name of mechanism: electrophilic substitution

[2 marks]

c.iibenzene has «delocalized» 7 bonds «that are susceptible to electrophile attack» AND alkanes do not

Do not accept “benzene has single and double bonds”.

[1 mark]
R H H - H
LI | |
P-Ng - HO----C----Br > G +Br
CHCHaCH: ™ | “Br /N HO H
H CHCHCH, H CHaCHaCHs

curly arrow going from lone pair/negative charge on O in "OH to C
curly arrow showing Br leaving

representation of transition state showing negative charge, square brackets and partial bonds

Accept OH™ with or without the lone pair.

Do not allow curly arrows originating on H in OH".
Accept curly arrows in the transition state.

Do not penalize if HO and Br are not at 180°.

Do not award M3 if OH-C bond is represented.
Award [2 max] if wrong isomer is used.

[3 marks]



Examiners report

a.i.
a.

[N/A]

(IN/A]

Phosgene, COCl,, is usually produced by the reaction between carbon monoxide and chlorine according to the equation:

a.

CO(g) + Cl,(g) = COCL,(9)

(i) Deduce the equilibrium constant expression, K¢, for this reaction. [8]

(ii) At exactly 600°C the value of the equilibrium constant is 0.200. Calculate the standard Gibbs free energy change, AGe for the
reaction, in kd, using sections 1 and 2 of the data booklet. State your answer to three significant figures.

(iiiy The standard enthalpy change of formation of phosgene, AH®, is —-220.1kJmol-!. Determine the standard enthalpy change, AH®, for the

forward reaction of the equilibrium, in kd, using section 12 of the data booklet.

(iv) Calculate the standard entropy change, AS®, in JK™, for the forward reaction at 25°C, using your answers to (a) (i) and (a) (iii). (If you did
not obtain an answer to (a) (ii) and/or (a) (i) use values of +20.0 kJ and —120.0 kJ respectively, although these are not the correct answers.)

. One important industrial use of phosgene is the production of polyurethanes. Phosgene is reacted with diamine X, derived from phenylamine.  [8]

H,N CH, NH, X

(i) Classify diamine X as a primary, secondary or tertiary amine.
(i) Phenylamine, CgHsNH,, is produced by the reduction of nitrobenzene, CgHsNO,. Suggest how this conversion can be carried out.

(iiiy Nitrobenzene can be obtained by nitrating benzene using a mixture of concentrated nitric and sulfuric acids. Formulate the equation for the
equilibrium established when these two acids are mixed.

(iv) Deduce the mechanism for the nitration of benzene, using curly arrows to indicate the movement of electron pairs.

C. The other monomer used in the production of polyurethane is compound Z shown below. (8]



(i) State the name, applying IUPAC rules, of compound Z and the class of compounds to which it belongs.

Name:

Class:

(i) Deduce the number of signals you would expect to find in the TH NMR spectrum of compound Z, giving your reasons.
The mass spectrum and infrared (IR) spectrum of compound Z are shown below:

Mass spectrum
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[Source: http://sdbs.db.aist.go.jp]

IR spectrum
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(iii) Identify the species causing the large peak at m/z=31 in the mass spectrum.

(iv) Identify the bond that produces the peak labelled Q on the IR spectrum, using section 26 of the data booklet.

d. Phenylamine can act as a weak base. Calculate the pH of a 0.0100 mol dm=2 solution of phenylamine at 298K using section 21 of the data

booklet.

Markscheme

a. (i)

[COCL,)]
< Ko="> 1oo1an,

(i)

T«= 600 + 273» = 873K

AG® = -8.31 x 873 x In (0.200)
OR

AGP = « + » 11676 «J»

AG® = « + » 11.7 «kd»

Accept 11.5 to 12.0.

Award final mark only if correct sig fig.
Award [3] for correct final answer.

(iif)

AH® = —220.1 - (-110.5)

AH® = -109.6 «kJ»

Award [2] for correct final answer.
Award [1] for —-330.6, or +109.6 «kJ».

(4]



(iv)
AG®=-109.6 — (298 x AS®) = +11.7 «kJ»

o (11.7+109.6)x10°

= < _1»
S « oy = —407 «JK

Award [2] for correct final answer.

Award [2] for -470 «JK~"» (result from given values).

Do not penalize wrong value for T if already done in (a)(ii).
Award [1 max] for —0.407 «kJ K~».

Award [1 max] for —138.9 «J K~ 7»,

- ()

primary

(ii)
ALTERNATIVE 1:

«heat with» tin/Sn AND hydrochloric acid/HCI
aqueous alkali/OH=(aq)

ALTERNATIVE 2:
hydrogen/H,
nickel/Ni «catalyst»

Accept specific equations having correct reactants.
Do not accept LiAlH4 or NaBH4.
Accept Pt or Pd catalyst.

Accept equations having correct reactants.

(i)
HNOS + 2H2804 ‘__‘ N02+ + 2HSO4_ + H30+

Accept: HNO3 + H,SO,4 — NO,* +HSO,4~ + H,0O Accept HNO3 + H>SO4 — HoNO3* + HSO,4~ .
Accept equivalent two step reactions in which sulfuric acid first behaves as a strong acid and protonates the nitric acid, before behaving as a

dehydrating agent removing water from it.

(.

NO-

D 5

)
*NO,
/ —_—
H
NO,

curly arrow going from benzene ring to N of *NO,/NO,*

NO,

carbocation with correct formula and positive charge on ring

curly arrow going from C-H bond to benzene ring of cation



formation of organic product nitrobenzene AND H*

Accept mechanism with corresponding Kekulé structures.

Do not accept a circle in M2 or M3. Accept first arrow starting either inside the circle or on the circle.
M2 may be awarded from correct diagram for M3.

M4: Accept CgHsNO, + HoSOy if HSO 4~ used in M3.

c. (i)
Name: ethane-1,2-diol

Class: alcohol«s»

Accept ethan-1,2-diol / 1,2-ethanediol.

Do not accept “diol” for Class.

(i)

two AND two hydrogen environments in the molecule
OR

two AND both CH, and OH present

(iif)

*CH,OH

Accept CH30".
Accept [*CH,0OH]* and [¢CH30J*.

Do not accept answers in which the charge is missing.
(iv)
oxygen-hydrogen «bond»/O-H «in hydroxyl»

[oH"]"

~ _ -9.13 —10

[OH | = 1/0.0100 x 10 *** = 2.72 x 10°°

+1 . Ixio ™ -9
[H'] = S50 =3.67x 10

OR
pOH = 5.57
pH = —log [H'] = 8.44

Accept other approaches to the calculation.
Award [4] for correct final answer.
Accept any answer from 8.4 to 8.5.

Examiners report

[N/A]
IN/A]
" IN/A]
IN/A]






