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SECTION 1 — 25 marks
Attempt ALL questions

The outermost occupied orbital in a noble gas is

A an s orbital

B ap orbital

C ad orbital

D ansorporbital.

The common ions of copper are Cu* and Cu?*.

Which of the following electronic configurations does not represent an atom or ion of
copper in its ground state?

152 2s% 2p® 3s% 3p® 3d°
1s% 252 2p® 3s% 3p° 3d™°
1s? 2s% 2p® 3s? 3p°® 3d° 4s?
152 2s% 2p® 3s% 3p® 3d"0 4!

O N W >

VO?* can react to form [V(OH,),]*" as shown.
VO** —  [V(OH,)*

Which line in the table is correct for this reaction?

Oxidation number of

vanadium in VOZ* Type of reaction

A +2 reduction
B +4 reduction
C +2 oxidation
D +4 oxidation
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4, Compounds containing transition metal ions can form coloured solutions when dissolved in

water.

Transition metal ion

Colour of solution

Ti purple
NiZ* green
Cu? blue-green
Co** red

Using the information in the table, the transition metal ion with the greatest energy gap
between split d orbitals is

A
B
C
D

5. The name of the complex ion [CoCl,(NH,),]" is

A
B
C
D

6. Which line in the table is correct for a molecule of xenon difluoride, XeF,?

dichloridotetraamminecobalt(l)
dichloridotetraamminecobalt(lIl)
tetraamminedichloridocobalt(l)

tetraamminedichloridocobalt(lll).

Arrangement of electron
. Shape of molecule
pairs around xenon atom
A linear
B tetrahedral angular
C trigonal bipyramidal linear
D trigonal bipyramidal angular
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7.

10.

Propanoic acid partially dissociates into ions in aqueous solution and an equilibrium is
established.

Which of the following decreases in concentration when potassium propanoate is added to
this equilibrium?

A Propanoate ions

B Hydronium ions

C  Hydroxide ions
D

Propanoic acid molecules

The ionic product of water, K, is 5.48 x 107" at 50 °C.
The pH of water at 50 °C is

A 5.48
B 6.63
C 7.00
D 133

Excess calcium carbonate was added to 100 cm? of 1 moll™" hydrochloric acid.

The experiment was repeated using the same mass of calcium carbonate and 100 cm? of
1 mol ™ methanoic acid.

Which of the following was the same for both experiments?

The mass of unreacted calcium carbonate at the end of the reaction.
The time taken for the reaction to be completed.

The pH of the mixture at the end of the reaction.

O N W >

The initial rate of the reaction.

The pH of a buffer solution made by mixing equal volumes of 0.100 mol ™" ethanoic acid
and 0.100 mol I sodium ethanoate is

A 238
B 2.88
C 3.76
D 476
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1. A+ 2B — C + D AG® =-10 kJmol™
Which of the following can be concluded from the above information?

The reaction is feasible.
The reaction is exothermic.

The reaction is third order overall.

O N W >

The reaction has a low activation energy.

12. Which line in the table shows the correct changes in entropy for the spontaneous formation
of a snowflake?

AS::;\T?SE: of AS surroundings
A + +
B + -
C - +
D — —

13. The graph shows the change in concentration of reactant A as a reaction proceeds.

A

[A]

time

The order of reaction with respect to A is

A zero

B first

C second
D third.

[Turn over
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14. Which of the following formulae could only represent an aldehyde?

15.

16.

17.

A CH,0
B CH,0
C GCHoO
D CHO

Propanoic acid would not be produced by the reaction of

C,H;CHO and acidified permanganate
C;H,0H and Fehling’s solution
C,H;CO0C,Hs and H*/H,0

C,H;CN and H"/H,0

o N W >

The formula C;HgO could represent an alcohol or an ether.

Which of the following statements is not correct?

They are both used as solvents.
They can both form hydrogen bonds with water.

They can both be made by nucleophilic substitution of a haloalkane.

o N W >

They both produce a peak between 3600 cm™" and 3200 cm™ in an infrared spectrum.

Which of the following compounds reacts with both dilute hydrochloric acid and dilute
sodium hydroxide solution?

A H,NCH,CHO
B HOCH,COOH
C  H,NCH,COOH
D  HOCH,CH,NH,
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18. The first step in the mechanisms of two different reactions are shown below.

H H
\c/ H,C,
"/\‘Br—Br H3C\t—Br
C e /S
/7 \ H,C
H H
reaction 1 reaction 2

Both reaction mechanisms involve

the formation of a cyclic ion intermediate
the formation of a carbocation

breaking a pi bond

o N0 W >

heterolytic fission.

19. Alkenes react with ozone, O,, to form carbonyl compounds.

. R1
\ / O;/hydrolysis \ /

Which of the following alkenes would react with ozone to produce a mixture of propanone
and ethanal?

(CH,),C=CH,
CH,CH=C(CH,),
CH,CH=CHCH,CH,
CH,CH=CHCH,

o N W@ >

[Turn over
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20. HNO, / H,50,
> product

Which line in the table is correct for the substitution reaction above?

Type of substitution reaction Product
NO,
A electrophilic ©/
SO;H
B electrophilic ©/
NO,
C nucleophilic ©/
SO;H
D nucleophilic ©/
21. XandY areisomers.
H H H H
W4 W 4
C C
Bra_ /\ »H Bral /\ »Br
c—cC c—cC
H Br H H
X Y

Which line in the table shows the correct names for X and Y?

X Y

cis-1,2-dibromocyclopropane

trans-1,2-dibromocyclopropane

trans-2,3-dibromocyclopropane

cis-2,3-dibromocyclopropane

trans-1,2-dibromocyclopropane

cis-1,2-dibromocyclopropane

Ol 0| wm| >

cis-2,3-dibromocyclopropane

trans-2,3-dibromocyclopropane
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22.

23.

24,

The number of possible stereoisomers for the compound shown is

O N W™ >

Which line in the table shows how the peaks in a '"H NMR spectrum are produced?

1
2
3
4

|
I—T—I

Particles that flip Pe\itse?‘r:nir:giui?d
A protons emitted
B electrons emitted
C protons absorbed
D electrons absorbed

The empirical formula of a compound was found to be H,S,0;. The total mass of sulfur in a

sample of the compound was found to be 5.182 g.

What mass of oxygen was present in the sample?

O N W >

1.291¢g
2.583¢g
3.874 ¢
7.749 ¢
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25. The structures of four antibiotic molecules are shown.

H O H O
I | s
C—C— N C—C— N S
| Hy
\% CH, H, N CH,
COOH COOH
penicillin G ampicillin
OCH,
H O H
[ H |l J
C—N HO—<: :>—C—C—N
);'/S CH, | );'/S CH,
N CH NH N CH
OCH, ¢ \% ’ 2 0 \% ’
COOH COOH
methicillin amoxicillin
The structural fragment shared by these four antibiotic molecules is
A o] H B H O H
| 0
—C—N —C—C—N
5. ,CH | 5. ,CH,
N CH, NH, N CH,
0 o
COOH COOH
C D
0 H O
O+ O+
— N — —
S5, ,CH, (|: N 5. ,CH,
N\2<CH3 NH, N CH,
0 0
COOH COOH

[END OF SECTION 1. NOW ATTEMPT THE QUESTIONS IN SECTION 2 OF
YOUR QUESTION AND ANSWER BOOKLET.]
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[ 1

SECTION 2 — 85 marks MARKS | bo Not

WRITE IN
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Attempt ALL questions MARGIN

1. Ethanal reacts with hydroxide ions to form 3-hydroxybutanal.

(@) An experiment was carried out to determine the kinetics for the reaction.

The rate equation was found to be
rate = k [CH;CHO(aq)] [OH (aq)]

(i) State the overall order of the reaction. 1

(i) One set of reaction conditions gave the following data.

[CH;CHO(aq)] [OH (aq)] Initial rate
(mol ™) (moll™) (moll™'s™)
0.100 0.0150 1.72 x 1073

Calculate the value for the rate constant, %, including the appropriate
units. 2

(iii)) The reaction mechanism is shown.

Step1 CH,CHO + OH- = CH,CHO + H,0
Step2 CH,CHO + ~CH,CHO —  CH,CH(O")CH,CHO
Step3 CH,CH(O)CH,CHO + H,0 — CH,CH(OH)CH,CHO + OH

Explain which step is the rate-determining step. 1

[Turn over
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. (continued)

(b) 3-hydroxybutanal has optical isomers due to the presence of a chiral centre.

"\
O H 0
| B/
H—C—C—C—C
[ N
H H H H

3-hydroxybutanal

(i) Circle the chiral centre in the structure of 3-hydroxybutanal shown
above.

(An additional diagram, if required, can be found on page 34.)

(i) A sample of 3-hydroxybutanal formed in another reaction was found to
be optically inactive.

State why this sample is optically inactive.

* X8 13770106 =*
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2. The spiciness of chilli peppers is due to natural substances known as capsaicinoids.

(@) To extract the capsaicinoids, a sample of dried chilli pepper was soaked in a
suitable solvent. The mixture was then filtered and the solvent was
evaporated.

(i) Suggest a property of a solvent that would be suitable for use in this
extraction. 1

(ii) State how the filtration should be carried out to ensure a fast method of
separation. 1

(b) The spiciness of chilli peppers can be compared by using Scoville heat values.
Scoville heat value = 16.1 x concentration, in ppm, of capsaicinoids in dried chilli pepper

It was found that 2.00 g of dried chilli peppers contained 17.4 mg of
capsaicinoids.

Calculate the Scoville heat value for this chilli pepper sample. 1

[Turn over
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. (continued)

—
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(c) Capsaicin is a capsaicinoid that is used in some pain relieving creams.

0
o
e N 7
H
HO
capsaicin

(i) Capsaicin works as a pain reliever by binding to a receptor to stimulate a
response in nerve cells.

State the classification given to drugs that act in this way. 1

(i) One pain relieving cream contains 1.15 x 10~* mol of capsaicin in a 42.5 g
tube of cream.

Calculate the percentage by mass of capsaicin in this cream. 1
(GFM of capsaicin = 305 g)

AR AR TRV ]

* X8 13770108 =*
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. (continued)

(d) Synthetic capsaicinoids can be prepared using vanillyl amine, as shown.

~0 NH CH,cocl ~0 N)]\
2 _— H
HO HO

vanillyl amine synthetic capsaicinoid

(i) State the class of compounds to which CH;COCI belongs.
(i) Suggest the type of reaction taking place.

(iii) Vanillyl amine reacts with the following compound to produce a different
synthetic capsaicinoid.

0

/\H‘\a

Draw a structure for the synthetic capsaicinoid produced.

[Turn over
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. Human bones and teeth contain traces of strontium.

(@) The electronic configuration of a strontium atom can be written in orbital box
notation, as shown.

IO [0

1
1s  2s 2p 3s 3p 4s 3d 4p 5s

(i) Explain how this orbital box notation shows that electrons within
strontium atoms are arranged according to the Pauli exclusion principle.

(i) State one possible set of quantum numbers for an electron in the 5s
orbital of strontium.

*X813770110%*
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. (continued)

(b) Traces of strontium in archaeological bone samples can be used to investigate
the diets of people in the past.

Strontium in bone samples can be detected by atomic emission spectroscopy.

(i) Explain how a line is produced in an emission spectrum.

(i) The spectral line used to detect strontium in a bone sample has an
energy value of 251 kJmol™.

Calculate the wavelength, in nm, of this spectral line.

[Turn over
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. (continued)

(c) Osteoporosis is a bone disease that can be treated with strontium ranelate.

Strontium ranelate is a complex made up of strontium ions and a ranelate ion
ligand. The structure of the complex is shown.

0

7 O_
S °
o N~¢*®
)—/ \ / \'Sr2+
O ’I_
// 0
N
0
strontium ranelate

(i) Determine the coordination number of one of the strontium ions in this
complex.

(i) State the term used to classify the type of ligand in this complex.

*X813770112 *
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(continued)

(d) Strontium chloride is added to some toothpastes to reduce tooth sensitivity.
An experiment was carried out to find the value of n in the formula of
hydrated strontium chloride, SrCl,.nH,0. The experimental method is outlined
below.

Step 1 Weigh accurately approximately 2.5 g of SrCl,.nH,0 into a crucible of
known mass.
Step 2 Heat the sample to constant mass.
(i) State what is meant by the term weigh accurately approximately.
(ii) Outline the steps required to heat the sample to constant mass.
(iii) The following results were obtained.
Mass of crucible =14.87¢g
Mass of crucible and SrCl,.nH,0 =17.58¢g
Mass of crucible and SrCl, =16.49¢
Calculate the value of n in SrCl,.nH,0.
(Clearly show your working for the calculation.)
[Turn over
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. The colours of crocus flowers are due to pigments.

(@) The purple colour of crocus petals is due to pigments known as delphinidins.

(i) Delphinidins contain a chromophore.
Circle the part of the structure below that contains the chromophore. 1

(An additional diagram, if required, can be found on page 34.)

a delphinidin

(i) Complete the diagram below to show an absorption spectrum for a
purple delphinidin. 1

(An additional diagram, if required, can be found on page 35.)

A

absorbance

wavelength (nm)

DO NOT
WRITE IN
THIS
MARGIN

A0 ]
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. (continued)

(b) Saffron is a spice obtained from crocus flowers. The yellow colour of saffron is
partly due to the pigment zeaxanthin.

OH
XYY
HO
zeaxanthin
In this structure of zeaxanthin the carbon-carbon double bonds are
represented by two lines.
Describe, in terms of overlapping orbitals, what each of the two lines in a
double bond represent.
(c) Explain fully why different pigments absorb different wavelengths of light.
[Turn over
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. Astudent wanted to determine the composition and purity of the bright green
crystals of potassium trioxalatoferrate(lll), K;[Fe(O,C,0,);1.3H,0, that they had
prepared.
Using your knowledge of chemistry, discuss techniques that the student could use
to determine the composition and purity of the crystals. 3

AEAHN AR TR AR ]
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—

MARKS

NMR spectroscopy can be used to detect the chemical environments of 'H atoms in
molecules.

(@) (i) State the type of electromagnetic radiation used in NMR spectroscopy. 1

(i) Name the standard reference substance used to give the peak at 0 ppm
in a "H NMR spectrum. 1

(b) Methyl methacrylate is an ester used in some gel nail polishes.

(i) A 'H NMR spectrum of methyl methacrylate has a peak at 1.9 ppm.

On the structure below, circle a hydrogen atom that gives rise to this
peak. 1

(An additional diagram, if required, can be found on page 35.)

H /|-I
~N
C
VN / OH
H C—
\ /
N
C/
H H \
H

methyl methacrylate

[Turn over
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. (b) (continued)
(ii) The hydrogen atoms circled on the structure below are in two different
environments.
0]
\
C—OCH,
C=C
CH,
methyl methacrylate
Suggest why these hydrogen atoms are in two different environments. 1

(iii) Nuclei of the isotope '*C behave in a similar way to 'H nuclei in a
magnetic field. '3C NMR spectra have peaks, each representing a
different carbon environment in a molecule.

Predict the number of peaks that would be seen in the *C NMR spectrum
of methyl methacrylate. 1

AR AR TRV ]
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(©) The C and "H NMR spectra of a different ester are shown below.

3C NMR spectrum

relative intensity

220 200 180 160 140 120 100 80 60 40 20 O
chemical shift (ppm)

"H NMR spectrum

s

relative intensity

chemical shift (ppm)

Using the data from these spectra, draw a possible structural formula for this
ester. 1

L AR AR ]
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. Fresh milk contains the sugar lactose and calcium ions.

(a) Bacteria in milk slowly convert lactose into lactic acid, lowering the pH.

HO
OH

0]

lactic acid

(i) Write the molecular formula for lactic acid.

(i) A sample of milk was found to have a lactic acid concentration of
1.12 x 107 mol l™".

Calculate the pH of a solution of lactic acid (K, = 1.38 x 10~*) with a
concentration of 1.12 x 10> mol ",

*X8137 70120 %*
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. (continued)

(b) The concentration of calcium ions in milk can be determined by volumetric

titration with EDTA. Calcium ions react with EDTA in a 1:1 ratio.

(i) State the name given to this type of titration.

(i) To determine the mass of calcium ions in milk, 10.0 cm® samples of milk
were titrated with 0.0200 mol "' EDTA solution. The average titre volume

was found to be 14.9 cm?.

Calculate the mass, in mg, of calcium ions in 100 cm? of this milk.

*X813770121%*
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Sulfur trioxide and sulfur dioxide are two oxides of sulfur.
(@) Sulfur trioxide decomposes to form sulfur dioxide and oxygen.
2505(8) = 2S0,(2) + 0(9) AH = +196 kJ mol™
(i) Write an expression for the equilibrium constant, K, for this reaction. 1

(i) In an experiment to determine the equilibrium constant, K, 0.700 moles
of sulfur trioxide were placed in a sealed 1.00 litre container and heated

to temperature 7.
At equilibrium the mixture contained 0.125 moles of O,.

Calculate the equilibrium constant, K, for the reaction at 7;. 2

(iii)) The experiment was repeated at the same temperature, 7}, using
0.700 moles of sulfur trioxide in a sealed 2.00 litre container.

State the effect of this change in volume on the value of the equilibrium
constant, K. 1

JAEAHN AR ER AR ]
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8. (a) (continued)
(iv) The experiment was then carried out using 0.700 moles of sulfur trioxide
in a sealed 1.00 litre container at a different temperature, 7.
The equilibrium constant, K, had a lower value at 7, than at 7.

Explain fully whether T, is a higher or lower temperature than 7. 2

(b) The table shows information about the structures of sulfur dioxide and
sulfur trioxide molecules.

Molecule Structural formula Bond angle
Sulfur dioxide 7 N0 119°
0
Sulfur trioxide g 120°
O/ \O

Suggest a reason why the bond angle in sulfur dioxide is smaller than the bond
angle in sulfur trioxide. 1

[Turn over
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9. The Kelpies are 30 metre high sculptures of two horses, constructed from steel.

(@)

(b)

Before building the full-sized sculptures, models were constructed from steel
dipped in molten zinc.

Zinc is in the d-block of the periodic table and only forms ions with an
oxidation number of +2.

Explain why zinc is not considered to be a transition metal.

Steel can also contain manganese. The manganese content in steel can be
determined by converting the manganese to an aqueous solution of purple

permanganate ions, MnO, .
The concentration of permanganate ions can be measured by colorimetry.

(i) The first stage is to produce a calibration graph.

(A) A standard stock solution of potassium permanganate must be
prepared.

Outline the steps required to prepare the standard stock solution
from a weighed sample of solid potassium permanganate.

(B) Outline the steps required to obtain results that would allow a
calibration graph to be drawn.

* X8 13770124 =*
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9. (b) (continued)

(i) The following calibration graph was produced.

0.60

0.50

0.40

0.30

absorbance

0.20

0.10

0

0 1.0x10™* 2.0x107* 3.0x107*

concentration of permanganate solution (moll™)

The manganese in a 0.285 g sample of steel was converted to
permanganate ions and made up to a 500 cm? solution.

This solution had an absorbance of 0.28.

Calculate the percentage by mass of manganese in the steel. 2

[Turn over
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10.

Epoxyethane, C,H,O, can be made by the oxidation of ethene.

CH, (@ + 10,90 — CH,0(9)

The following information was obtained for the above reaction at 298 K.

Substance Standard free energy of Standard enthalpy of
formation, AG,° (kJmol™) formation, AH° (kJmol™")
CHi9) 68.2 52.4
0,(9) - B
C,H,0(9) ~13.1 526

(a) For the oxidation of ethene, calculate:

(i) the standard enthalpy change, AH°®, in kJmol™

(i) the standard entropy change, AS®, in JK'mol™

(iii) the temperature, in K, at which this reaction becomes feasible.

*X8137 70126 *
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10.

(continued)

(b) Epoxyethane is produced industrially by the oxidation of ethene using a solid

silver catalyst.

GHJg) + 30,8 — GCH,0(@)

State the term used to describe this type of catalyst.

(c) Epoxyethane can be used to make ethane-1,2-diol.
CH,CH,0 + H,0 — HOCH,CH,0OH

Suggest a name for this type of reaction.

(d) The equation shows the reaction of epoxyethane with methanol.

2CH,CH,0 + CH,0H — HO(CH,CH,0),CH,

Draw a skeletal structure for the product of this reaction.

(e) The equation shows the reaction of epoxyethane with ammonia.

NCH,CH,0 + NH; — NHg (CH,CH,0H),

Write a formula for the product when n = 3.

*X813770127 *
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11.

Potassium hydrogen phthalate, KHP, is a primary standard used in volumetric
analysis.

(@) To standardise a sodium hydroxide solution, a student dissolved an accurately
known mass of KHP in distilled water in a conical flask and titrated it directly
with the sodium hydroxide solution.

0 0
O K* O K*
+ NaOH ———— » + H,0
OH O Na*
0] 0
KHP

(i) Calculate the mass, in g, of KHP needed to obtain a titre volume of
15 cm® of 0.10 mol U! sodium hydroxide solution.

*X813770128*
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11.

(@) (continued)
(ii) A titration curve for the reaction between KHP and sodium hydroxide is
shown.
14 -
121
101
H
P 3
6 B
4 u
>
volume of NaOH added
Explain how the student would use this titration curve to select a
suitable indicator for the titration.
(i) The student accurately weighed out two separate samples of KHP and
titrated each of these samples using the sodium hydroxide solution.
A teacher told the student not to expect concordant titre volumes for
these titrations and each volume should be used separately to calculate
the concentration of the sodium hydroxide solution.
Suggest why concordant titre volumes should not be expected for these
titrations.
[Turn over
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11.

(continued)

(b) A standard solution of KHP can be used as a standard solution of carbon.

The exact mass used to prepare the standard solution depends on the purity of
the KHP available.

The table shows the different masses of KHP required to prepare 1 litre of a
solution with a carbon concentration of 1000 ppm.

Purity of KHP (%) Mass of KHP (g)
100 2.126
99.9 2.128
99.5 2.137
99.0 2.147

(i) Explain why the mass of KHP required increases as the purity decreases.

(i) Calculate the concentration of carbon, in ppm, of a 250 cm? solution
prepared by dissolving 0.670 g of KHP with a purity of 99.5%.

*X8137 70130 %*
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12. A student wanted to design a multi-step synthetic route to make molecule X from
methylpropane.
PN o
methylpropane molecule X
(@) Name molecule X. 1
(b) The student considered that in the final step of the synthesis, molecule X
could be made from methylpropene.
methylpropene
(i) State a reagent that could be used to carry out this step. 1
(i) The student realised that the major product in this step would be an
isomer of molecule X.
Draw a structural formula for this isomer. 1
(iii) Explain why molecule X would be the minor product in this step. 1
[Turn over

L AR ERARAC 0 S ]
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12.

(continued)

(c) The student devised the following reaction scheme to synthesise
methylpropene from methylpropane.

)\ )<Cl /K
methylpropane 2-chloromethylpropane methylpropene

The reaction of methylpropane to make 2-chloromethylpropane involves
homolytic fission.

(i) State what is meant by homolytic fission.

(i) State a reason why the yield of 2-chloromethylpropane would be very
low in this reaction.
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12.

(continued)

(d) The student wanted to design another multi-step synthetic route to make an
ester from 2-chloropropane.

Cl

PN

2-chloropropane

Using your knowledge of chemistry, discuss some of the reactions that would
be required to synthesise an ester from 2-chloropropane.

[END OF QUESTION PAPER]
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