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(ii) Outline how an ethanol molecule reacts with an ethanal molecule in the first step of this
mechanism. Include two curly arrows to show the movement of electron pairs.
[2 marks]
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The iodine in the separating funnel quickly establishes an equilibrium after shaking the
contents. The concentrations of iodine in the aqueous layer and in the CCLy layer
become constant. This is shown by the relationship

____lpincCly)
~ Tiz in aqueous layer]

A sample of Laminaria seaweed, mass 56.4 g, was processed by the method given.
After Step H, 1.673 g of iodine remained in the evaporating basin. The volume of each
layer was 50.0 cm®. The seaweed contains 3.00% iodine by mass.

Calculate the value of K from these data. Show your working.
[3 marks]
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(@) Ithas been suggested that cyclohexene could be used to extract the iodine from the
aqueous layer
Explain why this would not be a sitable solvent.
[2 marks]
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(h)  The iodine produced at the end of Step H is impure and needs to be recrystalised from
asuitable inert solvent.
Explain the essential feature to consider when choosing a suitable inert solvent for this
recrystallisation.
[2 marks]
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Dimethylglyoxime is a colourless solid often used in the analysis of nickel in ores.

Dimethylglyoxime reacts with nickel fons and forms a bright red complex. This complex
is very insoluble in water and so precipitates out of solution easily.

Figure 1

NP2 + 20H" + ZI

Dimethylglyoxime-nickel complex

A scientist was provided with a 5.0 g sample of a nickel-containing ore, The sample was
ground into a powder and made into an aqueous solution. The solution was then added
10 an excess of dimethylglyoxime dissolved in ethanol. This was stirred until al of the
ore had dissolved and all of the nickel ions had reacted to form a solid, red complex.
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(@) Describe, with practical details, how an accurate value for the mass of the
dimethylglyoxime-nickel complex could be obtained.
You should not include details of any calculations.
[4 marks]
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(b)  Anincomplete method for recrystallisation of the nickel complex is outlined below.

Step 1: The sample is dissolved in a minimum volume of hot ethanol.

Step 2: The solution is filtered hot.
Step 3: The filtrate is cooled in ice to form crystals.

Explain the importance of each underlined point.
[2 marks]

Minimum volume of hot ethanol

Filtered hot
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(b)  The reaction produces a racemic mixture of chiral molecules.

(i) Explain the meaning of the term racemic mixture.
[1 mark]

(ii) State the relationship between two chiral molecuies with the same structural formula.
[ mark]
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() Inthe presence of an acid catalyst such as dry hydrogen chloride, ethanal reacts with an
excess of ethanol to form an acetal

The overall reaction of ethanal with an excess of ethanol forms an equilibrium mixture
as shown. Al reactants and products are liquids.

H
|
HiC—C—OCH,CH;
CHiCHO + 2CHCH,OH == | + HO
OCH,CHy
an acetal

A mixture of 0.75 mol of ethanal and 5.00 mol of ethanol was left to reach equilibrium in
the presence of dry hydrogen chioride at a given temperature. The equilibrium mixture
contained 0.42 mol of the acetal.
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(i) Calculate the amount, in moles, of ethanal and of ethanol in this equilibrium mixture.

[2 marks]
Amount of ethanal mol
Amount of ethanol mol

Space for working
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(ii) In a different experiment using the same reaction as in part (c), an equilibrium mixture
was established at a given temperature.
This mixture contained 0.58 mol of ethanal, 3.76 mol of ethanol, 0.37 mol of the acetal
and 0.65 mol of water in a total volume of 310 cm?.

Write an expression for the equilibrium constant K for this reaction.

Calculate a value for K. at this temperature. Give units with your answer.
[4 marks]

Ke.

Calculation
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(d)  Draw the structure of the acetal (C4H3O,) formed by the reaction of ethanal with
ethane-1,2-diol.
[1 mark]
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Lidocaine is a local anaesthetic used in dentistry and in minor surgical operations.
The synthesis of lidocaine in 2 steps from 2,6-dimethylphenylamine is shown.

CHs CH3.
Step 1
NH, —————— NH—C—CH,Ct
0 I
Cl—CH—cZ )
CHs cl CHs
X
CHy CHs
Step 2 a b CH,CH;
NH—C—CH,0l —————— NH—C—CH,—N_
1 CH,CHy I CH,CHs
o H—N
CH \cticHe CHy

lidocaine:
Y
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() Give the IUPAC name of reagent X in Step 1.
1 mark]

(ii) Outline a mechanism for Step 1.
In your answer, use RNH; to represent 2,6-dimethylphenylamine.
[4 marks]
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(b)  Name the mechanism for Step 2.
[1 mark]
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()

Which of these is the total number of peaks in the '*C n.m.r spectrum of lidocaine?

Tick (v) one box.

[1 mark]

1

12
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(d)  Calculate the percentage by mass of hydrogen in a molecule of lidocaine.
[2 marks]
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(e)  Give the name, including the classification, of the functional group that contains the
nitrogen atom labelled b.
[1 mark]






image18.png
[0}

(i)

Lidocaine is used medically as the salt lidocaine hydrochloride.

Suggest which one of the nitrogen atoms labelled a o b is protonated in lidocaine
hydrochloride. Explain your answer.
[3 marks]

Nitrogen atom protonated

Explanation

Suggest why lidocaine hydrochloride is used medically in preference to lidocaine.
Explain your answer.
[2 marks]
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(@)

Compound X (CICH,COCL) is used as a reagent in organic synthesis.
The mass spectrum of X contains several molecular ion peaks.

Chlorine exists as the isotopes *Cland *’Cl in a 3:1 ratio.

Calculate the miz value of the most abundant molecular ion peak in the mass spectrum

of X.
[1 mark]
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(b)  One important reaction of X is in the preparation of compound P as shown.

o
Il

c
ACL
ol ——— “CHACL + HCL
T

X P
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‘The diagram below shows the effect of temperature and pressure on the equilibrium yield of
the product in a gaseous equilibrium.

S0MPa
Yield/%

30MPa
10MPa

Temperature
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(b) (i) Draw the structure of the electrophile formed by the reaction of X with AlCly
[1 mark]

(i) Outline the mechanism for the reaction of the electrophile from part (b)(i) with benzene
in the preparation of P.
[3 marks]
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(¢)  Compound Qs an alternative product that could be formed when X reacts with
benzene.

o

I
©/CH770701

Q

Describe how you could distinguish between P and Q by a test-tube reaction.

Give the reagent used and the observation with each compound.
[3 marks]

Reagent

Observation with P

Observation with Q
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(d)  Xisalso used to make the compound HOCH,COOH. This compound is polymerised to
form the polymer known as PGA. PGA is used in surgical sutures (stitches).

(i) Draw the repeating unit of PGA.
[1 mark]

(ii) Production of PGA occurs via a cyclic compound. Two HOCH,COOH molecules react
together to form the cyclic compound and two molecules of water.

Draw the structure of this cyclic compound.
1 mark]
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(e)  Poly(propene) is also used in surgical sutures.

(i) Draw the repeating unit of poly(propene).
1 mark]
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(ii) Suggest an advantage of surgical sutures made from PGA rather than from
poly(propene)
Explain your answer.
[2 marks]
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(a) Use the diagram to deduce whether the forward reaction involves an increase or a
decrease in the number of moles of gas. Explain your answer.

Change in number of moles

Explanation
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(a) (i)

Proteins contain sequences of amino acids joined by peptide links.
Amino acid chains (polypeptides) are attracted to each other by hydrogen bonding.

A section of a protein is formed from one molecule of each of the amino acids glycine
(HzNCH,COOH) and alanine (H,NCH(CHz)COOH).

Add bonds and atoms to the diagram to complete a structural formula for this section of

the protein.
[2 marks]

C o3 N.
So O O N
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(a) (ii) Draw a diagram to show how an amino acid chain can form a hydrogen bond with
another amino acid chain.
YYour diagram need only show the relevant atoms from one amino acid in each chain.
[ mark]
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(b)  Leucine, serine and glutamic acid are naturally-occurring amino acids.

H H H
| | |
(CH3)2CHCH;— C—COOH  HOCH;— C—COOH  HOOC(CHy),— C—COOH
| | |
NH, NH; NH,

leucine serine glutamic acid

(i) Give the IUPAC name of leucine.
[1 mark]

(i) Draw the structure of the zwitterion of serine.
[1 mark]
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Draw the structure of the ester formed by two molecules of serine.
[1 mark]

(iv) Draw the structure of the species formed by glutamic acid at low pH.
1 mark]
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The initial rate of the reaction between gases D and E was measured in a series of
experiments at a constant temperature. The results are shown in Table 1

Table 1

Expt | Initial [D]/mol dm® | Initial [E] / mol dm~ | Initial rate / mol dm* s~

1 125x 102 5.81x 107" 1.16x 102

2 1.88x 102 8.73x 107 3.92x102

3 1.88x 102 1.75 1.57x 107"
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(b) Use the diagram to deduce whether the forward reaction is exothermic or endothermic.
Explain your answer.

The forward reaction is .

Explanation
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@

Deduce the order of reaction with respect to D and the order with respect to E.

[2 marks]

Order with respect to D

Order with respect to E

Space for working
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(b)  Suggest why initial rates of reaction are used to determine these orders rather than
rates of reaction at other times during the experiments.
[1 mark]
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(c)  State how the initial rate is obtained from a graph of the concentration of the product
against time.
[2 marks]
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(a)

The reaction between propanone and iodine in the presence of hydrochloric acid was
studied at a constant temperature.

CHiCOCH; + Iy ——> CHyCOCH,l + HI
The following rate equation was deduced.
rate = k [CHsCOCHg][H']

Suggest why the order with respect to iodine is zero.
[1 mark]
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(b)  Inan experiment the initial concentrations of propanone, iodine and hydrochloric acid
were as shown in Table 2. The initial rate of reaction in this experiment was
8.64 x 10”7 mol dm™?

Table 2
Initial concentration / mol dm™*
CH,COCHy 5.82x 1072
I 1.78x 10
H* 4.76x 107

Use the data in Table 2 and the rate equation to calculate a value for the rate constant
at this temperature.
Give units with your answer.

[2 marks]
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(@)

(b)

Hydrogen peroxide decomposes very slowly at room temperature. The equation for the
reaction is shown below.

2H,0; —» 2H;0 + O,

Suggest one reason why hydrogen peroxide decomposes more quickly if it is not
stored in brown glass bottles.

(1 mark)

Despite the corrosive nature of hydrogen peroxide, suggest one reason why a spillage
of a dilute solution of hydrogen peroxide presents lttle long-term danger to the
environment.

(1 mark)
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()

A series of experiments was carried out using concentrations of propanone
approximately 100 times the concentrations of iodine and hydrochloric acid

Suggest the rate equation under these conditions.
Explain your answer.

[2 marks]
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Afour-step synthesis of compound T is shown.

o
chy—c”
Q Step 1
CH—CH;CHy ————— CHyCH(OH)CH,CH3 + CHyCOONa
CHy
‘ Step 2
CH3CHBICH,CH;
NH
) Step3
CH,
i Step4
CHg— CH—CH,CHs Compound S

Compound T
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(@)  Give the reagent and conditions for Step 1
State how you could obtain a sample of the alcohol from the reaction mixture formed in
Step 1.
[3 marks]
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(b)  Draw the structure of compound S.
For each of Steps 3 and 4, give a reagent and one condition, other than heat
[5 marks]
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(@)

Compound R contains 61.0% carbon and 11.9% hydrogen by mass. The remainder is
oxygen
The mass spectrum of R contains a molecular ion peak at miz = 118

Use these data to show that the molecular formula of R is CgH140;
[3 marks]
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Hemiacetals and acetals are compounds formed by the reaction of aldehydes with
alcohols, such as the reaction of ethanal with ethanol.
H
|
CH3CHO + CH3CH;0H ———— H3C—C—OCH,CH;
|
OH

a hemiacetal

(@) (i) Use your knowledge of carbonyl mechanisms to suggest the name of the mechanism of
this reaction.

[ mark]
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(b)  Theinfrared spectrum of R (CgH140,) is shown in Figure 1.

Figure 1
100
Transmittance
% 50
0 T T T T T T
4000 3000 2000 1500 1000 500

Wavenumber/cm™!

The proton n.m.r. spectrum of R contains five peaks. The chemical shift values,
integration ratios and splitting patterns of these peaks are given in Table 3.

Table 3
Chemical shiftippm 38 32 31 14 11
Integration ratio 2 3 1 2 6

Splitting patterns triplet | singlet | singlet | triplet | singlet
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When R is warmed with acidified potassium dichromate(V1) a green solution is formed.

Use Table A and Table B on the data sheet and all of the data provided in the question
to deduce the structure of R.

In your answer, explain how you have used the data provided in the question.
[9 marks]
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lodide ions are present in seawater but at very low concentrations. Certain types of
seaweed are able to extract and concentrate iodide ions in their cells up to about 3% by
mass. This seaweed could be a source of the element iodine ().

The following is an account of a method that was used to extract I, from Laminaria
seaweed. The solvent tetrachloromethane (CCLy) is no longer used because it is very
toxic.

A. Collect and dry some seaweed. Heat it very strongly in a crucible until a small
quantity of ash s formed.
Add distilled or deionised water to the cooled ash in a beaker. Boil the suspension for
5 minutes. Allow to cool.
Filter the suspension.
Gradually add dilute sulfuric acid to the filtrate until the solution is acidic.
Add hydrogen peroxide solution. A brown solution will be formed.
Transfer the solution to a separating funnel.

. Add CCly to the funnel. It forms a separate organic layer. This organic layer changes
from a colourless liquid to a purple solution.

. Add the organic layer to an evaporating basin and place this in a fume cupboard.
Grey-black crystals of iodine will form as the solvent evaporates.

I emmoo ®
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(a) In Step A of the method, explain how it could have been confirmed that the
decomposition of the seaweed was complete.
[2 marks]
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(b)  The suspension was filtered in Step C.
Suggest an advantage of using vacuum filtration for this part of the method.
[1 mark]
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(¢)  Describe how, in Step D, the solution could have been tested to show when it became
acidic. Your method should not contaminate the solution.
[2 marks]
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(d)  Write an overall equation showing the oxidation of iodide ions to iodine in Step E using
hydrogen peroxide solution in acidic conditions. (No oxygen is evolved in this reaction.)
[ mark]
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() Adiagram of a separating funnel is shown in Figure 1.

Figure 1

Upper layer

Lower layer

Tap

Aqueous solutions and tetrachioromethane are immiscible. When added to the
separating funnel they form two layers as shown in Figure 1. Prolonged shaking of the
mixture allows iodine (dissolved in the aqueous layer) to pass into the
tetrachloromethane layer. The densities of some liquids are shown in Table 3.
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Table 3

— Filtrate from Concentrated
Liquid H0 Step C ccl 12504
Density / g cm™ 1.0 12 16 18

Explain briefly whether the upper layer or the lower layer in the separating funnel is likely
to show a purple colouration after Step G.

[1 mark]






