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SECTION 1 — 30 marks
Attempt ALL questions

Which of the following lists electromagnetic radiation bands in order of increasing
wavelength?

X-ray, infrared, ultraviolet, radio
Infrared, ultraviolet, X-ray, gamma

Ultraviolet, visible, infrared, radio

O N W >

Radio, infrared, visible, gamma

Which of the following states that electrons fill orbitals in order of increasing energy?

Hund’s rule
The aufbau principle

The Pauli exclusion principle

O N W >

The valence shell electron pair repulsion theory

In the periodic table outlined above, one area is marked X. Moving across area X, from one
element to the next, the extra electron usually occupies an orbital of type

A s
B p
c d
D f

Which of the following molecules contains three atoms in a straight line?

A BF,
B CH,
C H,0
D SF,

Looking for more resources? Visit https://sqa.my/ - Scotland’s #1 Past Paper Archive Page 2




The complex ion [Cu(CN),]* is called

hexacyanocopper(ll)
hexacyanocopper(lV)

hexacyanocuprate(ll)

o N W™ >

hexacyanocuprate(lV).

HCN(aq) + H,0(2) = H;0"(aq) + CN(aq)

In the above equation HCN(aq) is acting as

A anacid

B aconjugate acid
C abase
D

a conjugate base.

The use of an indicator is not appropriate in titrations involving

A hydrochloric acid solution and methylamine solution
B nitric acid solution and potassium hydroxide solution
C methanoic acid solution and ammonia solution
D

propanoic acid solution and sodium hydroxide solution.

Which of the following can produce a buffer solution when added to aqueous NH,Cl?

Ammonia
Ethanoic acid

Potassium chloride

O N W >

Ammonium sulfate

Which of the following reactions cannot be described as an enthalpy of formation?

Si(s) + 4Cl(g) — SiCl,(2)

Mg(s) + 720,(g) — MgO(s)

C(s) + 2H,(g) + 20,(g) — CH;0H(®)
2C(s) +3H,(8) — C,Hy(9)

O N W >
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10. Which of the following is likely to have the lowest standard entropy at 100 °C?

11.

12.

A Neon

B  Mercury

C  Sulfur

D Phosphorus

For the reaction
2A+2B— C
the rate equation is

rate = k[A][B]>.

Which of the following could be a possible mechanism for this reaction?

A A+B—X (fast)
X+A+B— C (slow)

B A+2B— X (slow)
X+A—C (fast)

C 2A+B—X (slow)
X+B—C (fast)

D 2A+B— X (fast)
X+B—C (slow)

Which line in the table has the correct number and type of bonds in the structure shown?

|
H H
G CTH
D
T
C
H/l\H
H
Number of o-bonds Number of m-bonds
A 2 18
B 4 16
C 16 4
D 18 2

Looking for more resources? Visit https://sqa.my/ - Scotland’s #1 Past Paper Archive

Page 4



13.

14.

15.

5-Methylhept-3-ene-2-one is an aroma molecule found in some types of tea.

Which of the following
5-methylhept-3-ene-2-one?

31 (4

Which of the following does not exhibit hydrogen bonding between its molecules?

Ethanol
Ethylamine

Ethanoic acid

O N W >

Ethoxyethane

In the homologous series of amines, an increase in chain length is accompanied by

shows a structural

formula for trans-isomer

Volatility Solubility in water
A increased increased
B decreased decreased
C increased decreased
D decreased increased
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16.

17.

18.

19.

Which of the following will react together to produce 2-ethoxypropane?

CH;CH,0H and CH;CH,COONa
CH;CH,ONa and CH;CH,CH,Br
CH;CH(OH)CH; and CH;COONa
CH;CH,ONa and CH;CHBrCH,

o N W™ >

Aldehydes can be converted into alcohols by the reaction shown

R! R
(i) CH;MgBr |
(=0 —|——="» H,c—C—OH
e (if) H* |
H

Which of the following aldehydes would produce a primary alcohol?

A Methanal
B  Ethanal
C Propanal
D Butanal

CH,CHO + NH,NH, — CH,CH = NNH, + H,0

This reaction is an example of

A hydration

B hydrolysis

C dehydration

D condensation.

When but-1-ene reacts with hydrogen chloride, 1-chlorobutane and 2-chlorobutane are
formed. According to Markovnikov’s rule

there will be more 2-chlorobutane than 1-chlorobutane
there will be more 1-chlorobutane than 2-chlorobutane

there will be equal proportions of both products

o N0 W >

it is impossible to tell the relative proportion of each product.

Looking for more resources? Visit https://sqa.my/ - Scotland’s #1 Past Paper Archive

Page 6



20. When 2-bromobutane reacts with ethanolic potassium cyanide and the compound formed is

21.

hydrolysed with dilute acid, the final product is

butanoic acid
pentanoic acid

2-methylbutanoic acid

o N W >

2-methylpentanoic acid.

H

H

H

H H H

T
o

H Cl H 1 H OH H 2
H H H H
| | | |
AN A A B B
H O H 3 H H H 4

Which line in the table correctly identifies W, X, Y and Z in the reaction sequence?

reduction dehydration addition
W X Y yA
w X Y V4
A 1 4 2 3
B 3 2 1 4
C 3 2 4 1
D 4 1 2 3

22. Which of the following statements about benzene is not true?

It is planar.

o N W >

It is readily attacked by bromine.

It is susceptible to attack by electrophilic reagents.

Its carbon to carbon bonds are equal in length.

[Turn over
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23. (CH,;);CBr + OH™ — (CH5);COH + Br~
The above reaction proceeds via an Sy1 mechanism.

What effect will doubling the concentration of hydroxide ions have on the reaction rate?

A It will have no effect.

B The reaction rate will halve.

C The reaction rate will double.

D The reaction rate will increase by a factor of four.
24. H H O

Which of the following shows the splitting pattern for the circled H atom above, in a high
resolution proton NMR spectrum?
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25. H OH H H OH H
\C/ N/ \/ N/
\C/ \H ~c~ \CH3
/\
H H
HO
OH OH
Noradrenaline Phenylephrine
H OH H
\ / /
\/c\/ H
H CH;
Amphetamine

Noradrenaline and phenylephrine stimulate receptors in the body resulting in increased
blood pressure. Amphetamine has the same effect but works indirectly in the body by

stimulating production of noradrenaline.

The structural fragment acting directly on the receptor is

OH

- H
\/ /
C N

OH

H OH H
\ / /
c___N

OH

[Turn over
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26.

27.

28.

29.

In a UK workplace, the maximum short-term exposure limit for carbon monoxide is 200 ppm
in a 15 minute period.

If a person breathes in 134 ¢ of air in a 15 minute period, what is the mass of carbon
monoxide breathed in at the maximum short-term exposure limit?

A 1-49mg
B 26-8mg
C 1-49g
D 26-8¢g

Sodium hydroxide is unsuitable for use as a primary standard because it

is corrosive
is readily soluble in water

is available in a high degree of purity

O N W >

readily absorbs water from the atmosphere.

What volume of 0-25moll™" calcium nitrate is required to make, by dilution with water,
500 cm? of a solution with a nitrate ion concentration of 0-1 mol[™"?

A 50cm?
B 100cm?
C 200cm?
D 400cm?

1-60¢g of an anhydrous metal sulfate were dissolved in water. Addition of excess barium
chloride solution resulted in the precipitation of 2:33 g of barium sulfate.

The original substance was

copper(ll) sulfate
magnesium sulfate

sodium sulfate

o 0O W >

calcium sulfate.
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30. 0-020 moles of the salt Pt(NH),Cl, required 20-0 cm® of 4-0moll ™" nitric acid to react
completely with the NH; ligands.

The value of x is

2
4
6
8

O N0 W >

[END OF SECTION 1. NOW ATTEMPT THE QUESTIONS IN SECTION 2 OF YOUR QUESTION AND
ANSWER BOOKLET]
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|_ SECTION 1 — 30 marks _|

The questions for Section 1 are contained in the question paper X713/77/02.
Read these and record your answers on the answer grid on Page 03 opposite.

Use blue or black ink. Do NOT use gel pens or pencil.

1. The answer to each question is either A, B, C or D. Decide what your answer is, then fill in
the appropriate bubble (see sample question below).

2. There is only one correct answer to each question.

3. Any rough working should be done on the additional space for answers and rough work at
the end of this booklet.

Sample Question

To show that the ink in a ball-pen consists of a mixture of dyes, the method of separation would
be:

fractional distillation
chromatography

fractional crystallisation

O O @ >

filtration.

The correct answer is B — chromatography. The answer B bubble has been clearly filled in (see
below).

A B C D
O @ O O

Changing an answer

If you decide to change your answer, cancel your first answer by putting a cross through it (see
below) and fill in the answer you want. The answer below has been changed to D.

A B C D
O ® O @

If you then decide to change back to an answer you have already scored out, put a tick (v) to the
right of the answer you want, as shown below:

C D A B C D

A B
O % O & O ®v O O

or

L AR AR A -
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SECTION 1 — Answer Grid _|

*O0BJ30AD1=*

A B C D A B C D
1 O O O O 16 O O O O
2 O O O O 17 O O O O
3 O O O O 18 O O O O
4 O O O O 19 O O O O
5 O O O O 20 O O O O
6 O O o O 21 O O o O
7 O O o O 22 O O o O
8 O O O O 23 O O O O
9 O O O O 24 O O O O

10 O O O O 25 O O O O

11 O O O O 26 O O O O

12 O O O O 27 O O O O

13 O O O O 28 O O O O

14 O O O O 29 O O O O

15 O O O O 30 O O O O

AR AR A -
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MARKS

SECTION 2 — 70 marks
Attempt ALL questions

. Ethene can be hydrated to produce ethanol.

CH,2 + H,00) — C,H,OH()

Standard free energy of Standard enthalpy of
Compound formation, AG° (kJ mol™") formation, AH% (kJ mol™)
Ethene 68 52
Water -237 -286
Ethanol -175 -278

(@) For the hydration of ethene, use the data in the table to calculate:

(i) the standard enthalpy change, 4H°, in kJmol™; 1

(i) the standard entropy change, 45°, in J K 'mol". 3

(b) Calculate the temperature, in K, at which this reaction just becomes
feasible. 2
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In the periodic table, period 2 is comprised of the elements lithium to neon.

The following table shows two of the quantum numbers for all ten electrons
in a neon atom.

Principal Angular momentum
Electron quantum number, n | quantum number, [
1 1 0
2 1 0
3 2 0
4 2 0
5 2 1
6 2 1
7 2 1
8 2 1
9 2 1
10 2 1
(@) Write the electronic configuration for neon in terms of s and p orbitals. 1

(b) The angular momentum quantum number, [, is related to the shape of an
orbital.

Draw the shape of an orbital when [ has a value of 1. 1

(c) The magnetic quantum number, m, is related to the orientation of an
orbital in space.

State the values of m for the orbital which contains the tenth electron. 1

*X7137 70107 *
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3. Iron can form a variety of complexes with different ligands. Each complex has
different properties.

(@) Some iron complex ions are paramagnetic. Paramagnetic substances are
substances that are weakly attracted by a magnetic field.

Paramagnetism is caused by the presence of unpaired electrons.
In both [Fe(H,0),]*>" and [Fe(CN),]*", the Fe?" ion has six d-electrons, but
only [Fe(H,0)]*" is paramagnetic.

(i) Complete the d-orbital box diagram for the complex ion
[Fe(CN)]*". 1

Energy A

(An additional diagram, if required, can be found on Page 28)

(i) The relative ability of a ligand to split the d-orbitals when forming
a complex ion is given by the spectrochemical series.

The spectrochemical series for some ligands is shown below.
CN™ > NH; > H,0

The [Fe(H,0),]>" ion has unpaired electrons and is therefore
paramagnetic.

Explain how unpaired electrons can arise in this complex ion. 2

(ifi)) Explain why all of the complex ions formed by the Fe*' ion are
paramagnetic. 1

L AR AR -
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MARKS

(continued)

(b) Human blood is red due to the presence of haemoglobin bonded to
oxygen. Other animals have different coloured blood due to the presence
of different complex ions bonded to oxygen.

Animal Complex ion Colour of blood
CH,
CH,
HaC
RED
H3C
Human
0 Haemoglobin OH
OH [0}
| w2 |\C| 24 /\K
\
)\/ (.L -l NH BLUE
Spider \CH3 H,
Oxyhaemocyanin
0
» GREEN
Leech
o Chlorocruorin
OH [0}
(i) State the co-ordination number of the Fe?" jon in haemoglobin. 1

*X7137 70110 %*

DO NOT I

WRITE IN
THIS
MARGIN

Looking for more resources? Visit https://sqa.my/ - Scotland’s #1 Past Paper Archive

Page 22



I MARKS | DO NOT I

WRITE IN
THIS
MARGIN
3. (b) (continued)
(i) Spiders’ blood contains the oxyhaemocyanin complex ion.
Oxyhaemocyanin contains copper ions.
Suggest an analytical technique that could be used to determine
the presence of copper ions in spiders’ blood. 1
(iii) Using your knowledge of chemistry, comment on why these
animals have different coloured blood. 3
[Turn over
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4, As part of an Advanced Higher Chemistry project, a student determined the

chloride ion concentration of seawater by two different methods.

Volumetric method
A sample of seawater was titrated with standard silver nitrate solution.

Gravimetric method

A sample of seawater was reacted with standard silver nitrate solution to

form a precipitate. The precipitate was collected by filtration and weighed.

(@ For the volumetric method, a 0-1moll™ standard solution of silver

nitrate was prepared by following the instructions below.
1. Dry 5 g of silver nitrate for 2 hours at 100 °C and allow to cool.

2.  Weigh accurately approximately 4-25 g of solid silver nitrate.

3. Use this sample to prepare 250cm?® of standard silver nitrate

solution.

(i) State what is meant by “weigh accurately approximately”

4-25 g of solid silver nitrate.

(i) Outline how the student would have prepared the standard silver

nitrate solution.

(iii) Samples of the diluted seawater were titrated and the average titre

was found to be 3-9 cm?.

Suggest an improvement the student could make to reduce the

uncertainty in the titre value.

*X713770112 *
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4. (continued)

(b) For the gravimetric method, standard silver nitrate solution was added to
a seawater sample to form a precipitate of silver chloride.

(i) Describe how the filtration should have been carried out to ensure
a fast means of separating the precipitate from the reaction
mixture. 1

(i) After the precipitate was filtered, the filtrate was tested with a few
drops of silver nitrate solution.

Suggest why the student tested the filtrate in this way. 1

(c) The student also planned to carry out an analysis of chloride ion
concentration in fresh river water.

Explain why the volumetric method, rather than the gravimetric method,
would be more appropriate for the analysis of chloride ion concentration
in fresh river water. 1

[Turn over
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Mandelic acid, 2-hydroxy-2-phenylethanoic acid, is a component of skin care
products.

OH
OH

0

mandelic acid

(@) Mandelic acid is a weak acid.
C¢HsCH(OH)COOH(aq) + H,0(®) = CH;CH(OH)COO (aq) + H;0'(aq)

Write the expression for the dissociation constant, K,, for mandelic acid. 1

(b) A 100 cm? sample of skin care product contained 10-0¢g of mandelic acid.
The K, of mandelic acid is 1-78 x 107,

(i) Calculate the concentration of the mandelic acid, in moll™,
present in the skin care product. 2

(i) Using your answer to (b)(i), calculate the pH of a solution of
mandelic acid of this concentration. 3
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Chlorine is a versatile element which forms a wide range of compounds.

(@) One example of a compound containing chlorine is vanadium(lV)
chloride. It reacts vigorously with water forming a blue solution.

The blue solution absorbs light of wavelength 610 nm.

Calculate the energy, in kJmol™, associated with this wavelength. 2

(b) Chlorine dioxide, ClO,, is used in water sterilisation.

An experiment was carried out to determine the kinetics for the reaction
between chlorine dioxide and hydroxide ions.

2Cl0,(aq) + 20H (aq) — ClO, (aq) + ClO;(ag) + H,0(8)

Under certain conditions the following results were obtained.

[ClO,] (moll™") [OH] (moll™") Initial rate (molU's™)
6-00 x 1072 3-00 x 1072 2-48 x 1072
1-20 x 107" 3-00 x 1072 9.92 x 1072
1-20 x 107" 9-00 x 1072 2-98 x 107"

(i) Determine the order of reaction with respect to:
A do, 1

(B) OH" 1

AR TR0 -
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6. (b) (continued)

(i) Write the overall rate equation for the reaction. 1

(iii) Calculate the value for the rate constant, k, including the
appropriate units. 2

L AR AR -
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Aldehydes and ketones can exist in two forms, a keto form and an enol form.

For example, the aldehyde ethanal exists in equilibrium with its enol form,
ethenol.

0 OH
7

/
H;,C—C — H,C=C K=3-0x107"
\ \
H H
ethanal ethenol
(keto form) (enol form)

These two different molecules are known as tautomers.

(a) State which of the tautomers is the more abundant in this equilibrium. 1

(b) 3-Methylpentan-2-one is optically active and exists in equilibrium with
its enol tautomer.

(i) Circle the chiral centre on 3-methylpentan-2-one. 1

HC. H  CHy
\N/ /
c—c¢

/N
HC—CH, O

(i1) Suggest why the optical activity of 3-methylpentan-2-one decreases
over time. 1
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MARKS
(b) (continued)

(iii) Draw the skeletal formula for 3-methylpentan-2-one. 1

(c) A possible mechanism for acid-catalysed enolisation is shown below,
where R, R" and R" are alkyl groups.

H+
H R H R R R
R—C— C/ = R'—\(C\— C/ \C C/
N, ;N\ T /T
R .0 R" or R" 0
H' </ o o

Using structural formulae and curly arrow notation, show a possible
mechanism for the acid-catalysed enolisation of 3-methylpentan-2-one. 3
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. Aspirin can be used as a starting material for the synthesis of the drug,
salbutamol, which is used in the treatment of asthma. Salbutamol acts as an
agonist by stimulating receptors in the lungs.
A possible synthetic route is shown.
HO,C o
? Step @D HO,C
_—
AlCl5
H;COCO
HO
CH;OH/H* | Step @
0 0
H,CO,C Br  Step @  H,coc
B
Br,
HO HO
Step (&
0
H,CO,C N_ CHs
/C
i€ \CH
HO 3
\ Step ®
OH III
N /CH3
Ho”~ >c
i€ \CH
HO 3
(a) State what is meant by the term agonist. 1
(b) Step (D is known as a Fries rearrangement.
Suggest the role of AlCl; in this rearrangement. 1

AR TRV -
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8. (continued)

() Suggest a reaction condition required for Step 3. 1

(d) Identify the type of reaction taking place in Step @. 1

(e) Step (® involves several reactions.

Suggest a suitable reagent that could be used to convert the ketone
carbonyl group to the hydroxyl group. 1

[Turn over
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8. (continued)
(f) The purity of salbutamol can be determined using a variety of analytical
techniques.

Using your knowledge of chemistry, discuss how analytical techniques
could be used to determine the purity of salbutamol. 3

L AR AR -
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. Parabens are used as preservatives in cosmetics, pharmaceutical products

and foods. Parabens are esters of 4-hydroxybenzoic acid.

One common paraben used as a food preservative is ethylparaben.

o) 0\/

OH
ethylparaben

(@) Ethylparaben is an aromatic compound containing both sigma and pi
bonds.

(i) Write the molecular formula for ethylparaben. 1

(ii) State the type of hybridisation which is adopted by the carbon
atoms in the aromatic ring. 1

(iii) Describe how pi bonds form. 1

[Turn over
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. (continued)

(b) Another preservative is sodium 4-hydroxybenzoate. It can be prepared by
refluxing ethylparaben with sodium hydroxide solution.

0 NG 0 O Na*

+ Na'OH —— +  CH,CH,OH

OH OH

(i) Complete the diagram below to show how the reaction mixture is
heated under reflux. 1

Heating mantle

(An additional diagram, if required, can be found on Page 28)

(i) At the start of the reaction, two layers were observed in the
reaction mixture.

Explain why only one layer was observed when the reaction was
complete. 1
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(b) (continued)

(i) Explain fully why a solution of the salt sodium 4-hydroxybenzoate
has a pH greater than 7. 2

(iv) After refluxing, dilute hydrochloric acid was added to the reaction
mixture and a white precipitate of 4-hydroxybenzoic acid was
produced. The crude 4-hydroxybenzoic acid was recrystallised.

4-hydroxybenzoic acid is soluble in different solvents but only
some of these solvents are suitable for recrystallisation.

State two factors that should be considered when selecting an
appropriate solvent for this recrystallisation. 2

(v) In this experiment, the percentage yield of 4-hydroxybenzoic acid

was 77-5%.
Calculate the mass of ethylparaben (GFM = 166¢) required to
produce 2-48 g of 4-hydroxybenzoic acid (GFM = 138 g). 2

[Turn over
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MARKS

10. Phenylbutazone is an anti-inflammatory drug used for the short-term
treatment of pain and fever in animals.

(@) Phenylbutazone can be synthesised, in a multi-step process, starting
from compound A.

Elemental microanalysis showed that compound A has a composition, by
mass, of

50-0% C; 5-60% H; 44-4% O

Calculate the empirical formula of compound A. 2

(b) Aninfra-red spectrum for compound A is shown below.

100 —
&
3
c
£ 50
-
!
|_
L L L L
3500 3000 2500 2000 1500 1000
Wave number (cm™)
Identify the functional group responsible for the peak at 1710 cm ™. 1
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(continued)

(c) The mass spectrum for compound A is shown below.

100 H 27

72
80 H

60 + 55
45

%

40

43
20 - 25

0 I I I I
10 30 50 70 90
m/z

(i) Write the molecular formula for compound A. 1

(i) Suggest a possible ion fragment that may be responsible for the
peak at m/z 27. 1

(d) Considering all the evidence, draw a structural formula for compound A. 1

[END OF QUESTION PAPER]
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ADDITIONAL DIAGRAM FOR USE IN QUESTION 3 (a) (i)

A

Energy A

ADDITIONAL DIAGRAM FOR USE IN QUESTION 9 (b) (i)

Heating mantle
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