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Answer all questions in the spaces provided.

When hydrogen iodide is heated in a sealed container, it breaks down to form
an equilibrium mixture containing hydrogen and iodine.

2HI(g) = H,(g) + I,(g) AH=+10.4 kJ mol"

IIl At 500 K the partial pressure of hydrogen iodide in the equilibrium mixture is 520 kPa
The equilibrium constant, K, = 6.25 x 10~%at 500 K
Give the expression for the equilibrium constant, K,

Calculate the partial pressure of hydrogen in the equilibrium mixture.

_ p(H,) x p(l,) [4 marks]
i p(H1)?

p(H2) = p(l,), so p(H,)? = K, x p(HI)?
p(H2)2 = 6.25 x 1072 x §20% = 1690

p(Hy) = 1690 = 41.] kPa

Partial pressure of H, 4.l kPa

El Explain why K, has no units for this equilibrium.

[1 mark]

There are equal numbers of moles of gas on each side of the equation

(2 mol of reactant and 2 mol of product), so the units cancel out.

E Explain why the value of K, decreases when the temperature is decreased.
[2 marks]

The forward reaction is endothermic (AH is positive), so the reverse

reaction s exothermic. When the temperature is decreased the

equilibrium shifts to the left, in the exothermic direction, to oppose the

decrease in temperature, so K, decreases.
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This question is about polyamides and their monomers. box

Polyamides are also called nylons.
Nylon-6,6 is the most common nylon and is used to make clothes.

II| One of the monomers used to produce nylon-6,6 is hexane-1,6-diamine.

Give the empirical formula of hexane-1,6-diamine.
[1 mark]

CsH3zN

@ Hexane-1,6-diamine can be made from 1,6-dichlorohexane and ammonia.
Several organic impurities are formed in this synthesis.

One of these impurities, compound E, is shown. Two of the nitrogen atoms
are labelled.

Compound E

a
H2N \/\/\/\b/\/\/\/ NH2
N

NH>

Amines can be classified as primary, secondary or tertiary and can form
quaternary salts.

State the classification of the functional group containing the atom labelled a.
State the classification of the functional group containing the atom labelled b.

Deduce how many peaks would be present in the 3C NMR spectrum of compound E.
[2 marks]

a primary (1°) amine

p tertiary (3°) amine

Number of *C NMR peaks 6

Turn over »
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Other nylons can be produced from different monomers. These nylons have different
properties from nylon-6,6

E Figure 1 shows a section of a nylon chain formed from two monomers.

Figure 1
H @) H
—C—N—(CHy)5—N—C—(CHy)3—C —N—(CHp)s —N—
: g : ¢

Use Figure 1 to identify the structure of each monomer.

Give the name of the monomer that contains a carbonyl group.
[3 marks]

Monomer 1 H2N(CH,) sNH,

Monomer 2 HOOC(CH,)3CO0H

Name pentanedioic acid (pentane-1,S-dioic acid)

0 4

stemup.co.uk IB/G/Jan24/CHO04

Do not write
outside the
box


https://stemup.co.uk

Do not write
outside the
Izl Nylons have a high melting point compared with other polymers with chains of box
similar length.
Which feature is responsible for the high melting point of nylons?
Tick (v') one box.
[1 mark]
Polar C—N bonds in the chains
Van der Waals forces in the chains
Hydrogen bonds between chains \/
Strong C-C bonds between chains
E Nylons are melted and shaped at high temperatures into useful products.
The nylons need to be dry when they are melted to ensure that there is no
water present.
Explain why the presence of water can cause hydrolysis of nylons at
high temperatures.
[2 marks]
The amide link contains polar =0 and C-N bonds, so the carbonyl
carbon atom is 6+ (electron deficient).
At high temperature water acts as a nucleophile: a lone pair on the 0O
atom of H,0 attacks the 6+ carbon, the C—N amide bond breaks and
the chain is hydrolysed.
9
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This question is about two isomers, propanal and propanone.

One of these isomers reacts with warm acidified potassium dichromate(VI) solution.

Draw the skeletal formula of the organic product formed in this reaction.

State the colour change observed.

[2 marks]
Skeletal formula

OH

Colour change 0range to green

Propanal and propanone both react with HCN

Name the mechanism for these reactions.
[1 mark]

nucleophilic addition

Write an equation for the reaction of propanal with HCN

Use IUPAC rules to name the product of this reaction.
[2 marks]

Equation

CH3CH,CHO + HCN - CH3CH,CH(OH)CN

Name 2-hydroxybutanenitrile

State why the product of the reaction between propanone and HCN does not rotate
the plane of plane polarised light.
[1 mark]

Propanone is symmetrical, so the product has no carbon atom with four

different groups: it is not chiral.

0 6
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Propanone is reacted with NaBH, in aqueous solution. The product is dried.

Figure 2 shows the infrared spectrum of the product.

Figure 2
100
Transmittance/ % 50 -
0 LA L L L L L L E L B B LA I I B B B |
4000 3000 2000 1500 1000 500

Wavenumber/cm-1

El Explain how Figure 2 shows that no unreacted propanone remains.

Use Table A on the Chemistry Data Sheet.
[1 mark]

There is no strong C=0 absorption at 1680 to 1750 cm™, so no

propanone remains.

Question 3 continues on the next page

Turn over »
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Propanone reacts with iodine in acidic conditions.
CH,COCH,(aq) + l,(aq) — CH,ICOCH,(aq) + Hl(aq)
The rate equation for the reaction is

Rate = k [CH,COCH,(aq)] [H"(aq)]

@ Suggest why [l,(aq)] does not appear in the rate equation but does appear in the

overall equation for the reaction.
[1 mark]

lodine is not involved in the rate-determining step (it reacts in a fast

step after it).

- State the role of H(aq) in this reaction.

Explain your answer.
[2 marks]

Role of H'(aq) catalyst

Explanation H" appears in the rate equation but not in the overall

equation, so it takes part in the reaction but is not used up.

Do not write
outside the
box
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Salicylic acid (C,H;O;) can be used to produce aspirin.

Salicylic acid reacts with ethanoyl chloride in a nucleophilic addition—elimination
reaction to produce aspirin.

An incomplete reaction mechanism is shown.

Complete the mechanism by adding lone pairs and curly arrows.

[2 marks]
i i
C O C
“OH é) “OH
AN
O—H Cl CHs (|)m H
c) ¢ ch,
~
O
i
C\
OH
i
C
Z N\
0”7 “CH,
aspirin

170
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El 1.15 g of salicylic acid (M. = 138.0) are used in this reaction to make aspirin.
The percentage yield is 80.0 %

Calculate the mass, in g, of aspirin that is produced.

[3 marks]
n(salicylic acid) = 1.1S + 138.0 = 0.00833 mol = n(aspirin)
theoretical mass = 0.00833 x 180.0 = 1.50 ¢
actual mass = 1.50 x 80.0 < 100 = 1.20 ¢
Mass 1.20 g
. Aspirin does not dissolve easily in water but is soluble in ethanol.
Describe how an impure sample of aspirin can be made pure by
recrystallisation with ethanol.
[4 marks]

Dissolve the impure aspirin in the minimum volume of hot ethanol (heat

in a water bath below 78 °C, no naked flame).

Filter the hot solution quickly (hot gravity filtration) to remove insoluble

impurities.

Cool the filtrate in an ice bath so that the aspirin recrystallises, then

filter off the crystals under reduced pressure (Buchner funnel).

Wash the crystals with a small volume of cold water to remove soluble

impurities (unreacted salicylic acid), then dry them.

Question 4 continues on the next page

Turn over »
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E In industry, salicylic acid is reacted with ethanoic anhydride to produce aspirin.

Draw structures to complete the equation for the reaction of salicylic acid with
ethanoic anhydride to produce aspirin and one other product.

Give one reason why ethanoic anhydride is used instead of
ethanoyl chloride in industry.

i
C
O 0
| |
c c
S T~ —
HsC 0 CH3
Salicylic acid
i
C\
O |
0 ' PR
| HsC OH
C
Z N\
0”7 “CH,
Aspirin

[3 marks]

Reason Ethanoic anhydride is less corrosive and does not produce

corrosive HCl fumes (it is also less readily hydrolysed).
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This question is about the hydrolysis of the ester, ethyl methanoate.
Ethyl methanoate can be hydrolysed with sulfuric acid as a catalyst.
HCOOCH,CH, + H,O0 — HCOOH + CH,CH,OH
A student follows this method.

Step1 Add 5.0 cm® of ethyl methanoate and 100 cm® of 0.25 mol dm™ sulfuric acid
to a flask and start a timer.
Step 2 Put a stopper in the flask and shake the flask.

Step 3 Immediately take a 5.0 cm’ sample of the reaction mixture and add this to a
conical flask containing ice-cold water.

Step 4 Titrate the sample using dilute NaOH(aq)

Step 5 At 10 minutes, take another 5.0 cm® sample of the reaction mixture and add
this to another conical flask containing ice-cold water.

Step 6 Titrate this sample using dilute NaOH(aq)
Step 7 Repeat Step 5 and Step 6 every 10 minutes.

|I| State why the mixture is shaken at the start of the experiment in Step 2.
[1 mark]

To ensure the ethyl methanoate and the acid are thoroughly mixed.

El State why each 5.0 cm® sample is added to ice-cold water.
[1 mark]

To stop (guench) the reaction by cooling and diluting it.

E Suggest why the sample is taken in Step 3 and immediately titrated in Step 4.
[1 mark]

To find the volume of NaOH needed to react with the sulfuric acid

catalyst alone, so it can be subtracted from each later titre.

Question 5 continues on the next page
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The results of the experiment are used to calculate the concentration of
ethyl methanoate each time a sample is taken. The calculated concentrations are

shown in Table 1.

Table 1

Time of [HCOOCH,CH,]
sample / mol dm=
/ minute mofdm

10 0.34

20 0.16

30 0.073

40 0.023

50 0.016

60 0.0070

1 4
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lzl On Figure 3, plot a graph of [HCOOCH,CH,] against time. box
Draw a curve through the points.
[3 marks]
Figure 3
0.490
graaient =1—0.279 40.9
0.35 = 7
\ yy.Vai —3 -]
\ ! = (V11 (] .
\
0.30 \
\
N\
N\ \
0.25+-°N
\ \
\\ \
[HCOOCH,CHj] \ \
/ mol dm-3 \ \
\ \
0.5 N
N
\
N tangentat 30 min
0.10 A
\
0.08 \
N\,
\\ N
x ——
\. )
0 ] X
0 10 20 30 40 50 60 70
Time / minute
El Calculate the rate of reaction at 30 minutes.
Give the units.
Show your working on Figure 3.
[3 marks]
Rate 0.0067
Units mol dm™3 min™
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Another student did the same experiment at a different temperature and determined box
the rate of reaction at different concentrations of ethyl methanoate.
Figure 4 shows this student’s graph of rate against concentration.
Figure 4
0.010
I/'
/I
0.008
/
/I'
/|
0.006 7
Rate of
reaction ¥
0.004
/'
/)
0.002 S/
/
I 4 O R W W
/
/
0.000
0.00 0.05 0.10 0.15 0.20 0.25
[HCOOCH,CHg]
E Deduce the order of reaction with respect to [HCOOCH,CH,]
Give a reason for your answer.
[2 marks]

Order first order
Reason The graph is a straight line through the origin, so rate is directly
proportional to [HCOOCH,CH;]. 11

16
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Benzene reacts with chloromethane in the presence of aluminium chloride to form
methylbenzene.

III Write an equation to show how the electrophile CH3+ is produced from
chloromethane and aluminium chloride.

Outline a mechanism for the reaction of this electrophile with benzene.

[4 marks]

Equation
CHgC, + A’CI; - CH3+ + A,C’q—
Mechanism
*CH3
H CH3
CH3
— - 5
+ H*
@ State why benzene undergoes electrophilic substitution rather than
electrophilic addition.
[1 mark]

The delocalised ring of Tt electrons makes benzene very stable; addition

would break the delocalisation and need a lot of energy, but substitution

keeps the stable delocalised ring.

Question 6 continues on the next page

Turn over »
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Figure 5 shows some reactions of methylbenzene.

Figure 5
CH, CH,Cl CH,NH>
Reaction 1 Reaction 2
—_— —_—
A B

Reaction 3

C
| Reaction 4
C

Hs
NH,

D

E Name the mechanism for Reaction 1.

[1 mark]
free radical substitution
E Reaction 2 involves the reaction of compound A with ammonia.
What is the role of ammonia in this reaction?
Tick (v') one box.
[1 mark]

Nucleophile only

Base only

Nucleophile and base \/

18
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E Reaction 4 is a reduction reaction. box

Give the structure of compound C formed in Reaction 3.

Identify the reagent(s) used for Reaction 3.
[2 marks]

Structure
CH;s

NO,

Reagent(s) concentrated HNO; and concentrated H,S0,

@ State why compounds B and D are difficult to distinguish from each other using
mass spectrometry.
[1 mark]

B and D are isomers (both C;HqN), so they have the same M, of 107.

Turn over for the next question
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n The structures of three amino acids are shown.
Glycine Isoleucine Phenylalanine
H i O H H O H i O
N | Y | Vi N | 7
N—C—C/ N—C—C/ N—C—C
H/ | \O—H H | \O—H H/ | \O—H
H CHCH3, CH,
|
CH,
|
CHs

|I| Write an equation for the reaction of aqueous sodium hydrogencarbonate
with glycine.
[1 mark]

NaHCO; + HzNCHchOH - H2NCH2600N0 + H20 + COZ

@ Use IUPAC rules to name isoleucine.
[1 mark]

2-amino-3-methylpentanoic acid

E Draw the structure of the species present in a crystal of phenylalanine.

Explain why crystals of phenylalanine are soluble in water.
[2 marks]

Structure

X
|
r—=—=x

Explanation The crystal is jonic (zwitterions); the charged ions are

strongly attracted to and hydrated by polar water molecules.

2 0
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A peptide, formed from one glycine, one isoleucine and one phenylalanine, is box

hydrolysed. The resulting mixture is analysed by thin-layer chromatography (TLC)
with solvent mixture 1.

After the final position of the solvent front is marked, the TLC plate is viewed under
ultraviolet light and spots are marked as shown in Figure 6.

Figure 6

Solvent front for
solvent mixture 1

|

e

Starting line for
solvent mixture 1

E Use Figure 6 to calculate the R; value of G.

Show your working.
[1 mark]

R = distance moved by G + distance moved by solvent

Re =31l cem <+ 8585 em

R; = 0.564

Question 7 continues on the next page
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The TLC plate is then rotated through 90° and a new starting line is drawn.

The TLC plate is placed in a different solvent, solvent mixture 2, for a second
chromatography experiment.

Again, after the final position of the solvent front is marked, the plate is viewed under
ultraviolet light and the position of the spots marked on it. This is shown in Figure 7.

Figure 7
Solvent front for
solvent mixture 2
@
D
[ J

A\
\ \

Position of G after TLC with Starting line for
solvent mixture 1 solvent mixture 2

E Explain why a second chromatography experiment is needed.
[1 mark]

Two of the amino acids have the same R; value in solvent mixture |, so

they did not separate (one spot).

@ Explain how Figures 6 and 7 show that the amino acids are more soluble in
solvent mixture 2 than in solvent mixture 1.
[1 mark]

All three amino acids travelled further up the plate in solvent mixture 2

(higher R values).

2 2
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Amino acids join together to form protein chains.

. A protein chain can form a folded sheet, called a B-pleated sheet.

State the classification of protein structure of a B-pleated sheet.

[1 mark]
secondary structure
Cisplatin is a drug that can be used to treat cancer.
. Explain how cisplatin stops the multiplication of cancer cells.
[2 marks]

Cisplatin binds to nitrogen atoms on the guanine bases in DNA

(replacing its CI™ ligands).

This distorts the DNA so that it cannot unwind, which prevents DNA

replication, so the cancer cells cannot divide.

@ State a risk associated with the use of cisplatin to treat cancer.
[1 mark]

Cisplatin can also bind to the DNA of healthy cells and stop them

replicating (side effects such as hair loss).

Do not write
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box
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Nuclear magnetic resonance (NMR) spectroscopy can be used to distinguish
between isomers and determine structures.

Tetramethylsilane (TMS) is used as a standard in "*C and "H NMR spectroscopy.

Draw the structure of tetramethylsilane (TMS).

[1 mark]
H
I
H—C—H
H H
I I
H—C Si C—H
I I
H H
H—C—H
I
H
TMS is non-toxic.
Give two other reasons why TMS is a suitable standard.
[2 marks]

Reason 1 All 12 H atoms (4 C atoms) are in the same environment, so

it gives one single peak.

Reason 2 It is inert and volatile (low boiling point), so it is easily

removed from the sample.

2 4

stemup.co.uk IB/G/Jan24/CHO04

Do not write
outside the
box


https://stemup.co.uk

25

Compound W with molecular formula C4H,, decolourises bromine water.

W has two peaks in its Bc spectrum and one singlet peak in its 'H NMR spectrum.

El Draw the structure of W.

[1 mark]

E Draw the structural isomer of W that has only one peak in its '°C NMR spectrum
and one peak in its "H NMR spectrum.

[1 mark]
CCly is the solvent used to take the 'H NMR spectrum of W.
E Explain why CCl, is non-polar despite the difference in electronegativity
between C and Cl
[1 mark]

CCl, is symmetrical (tetrahedral), so the C-Cl bond dipoles cancel and

there is no overall dipole.

Question 8 continues on the next page
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The structure of X is shown

Table 2 shows data for 'H NMR spectrum of X.

Table 2
Chemical shift / ppm 1.2 3.3 3.5
Spin-spin splitting pattern triplet singlet guartet
Integration value 3 3 2

@ Complete Table 2 to show the spin-spin splitting patterns for the three peaks
in the "H NMR spectrum of X.

Use Table B on the Chemistry Data Sheet.
[2 marks]

2 6
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Two isomers of C,H,0, are investigated using NMR spectroscopy.

For each isomer of C,H,O,

e the 'H NMR spectrum has only two peaks
¢ the integration ratio of the peaks is 3:1

Give the structures of the two isomers.

Isomer 1 CH3COOH

Isomer 2 HCOOCH;

END OF QUESTIONS

[2 marks]
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