OXFORD CAMBRIDGE AND RSA EXAMINATIONS
A2 GCE

F335/01
CHEMISTRY B (SALTERS)
Chemistry by Design

TUESDAY 17 JUNE 2014: Afternoon

DURATION: 2 hours
plus your additional time allowance

MODIFIED ENLARGED

Candidate Candidate
forename surname
Centre Candidate
number number

Candidates answer on the Question Paper.

OCR SUPPLIED MATERIALS:
Data Sheet for Chemistry B (Salters) (inserted)

OTHER MATERIALS REQUIRED:
Scientific calculator

READ INSTRUCTIONS OVERLEAF

DC (AC/SW) 4042936237 97320/1
© OCR 2014 [J/500/7969]




INSTRUCTIONS TO CANDIDATES

The Insert will be found inside this document.

Write your name, centre humber and candidate number
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for the quality of written communication in your
answer.
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ensure that text is legible and that spelling,
punctuation and grammar are accurate so that
meaning is clear;

organise information clearly and coherently, using
specialist vocabulary when appropriate.

You may use a scientific calculator.

A copy of the Data Sheet for Chemistry B is provided as
an insert with this question paper.
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Any blank pages are indicated.



Answer ALL the questions.
1 Research is being conducted into chemical reactions
that can be used on other planets such as Mars.
One reaction being studied is shown below.
Hy(g) + CO,(g) = H,0(g) + CO(g)
AH = +40kJ mol™ EQUATION 1.1

The atmosphere of Mars consists mainly of carbon
dioxide. Hydrogen is initially brought from Earth.

(a) Suggest, with reasons, what effect increasing
temperature and pressure would have on the
EQUILIBRIUMYIELD of carbon monoxide and
water in EQUATION 1.1.

In your answer you should use appropriate
technical terms, spelled correctly.

[4]




(b) A catalyst of iron and chromium is used.

State why a catalyst is used, giving its effect on

K.

[2]




H,(g) + CO,(g) = H,0(g) + CO(9)
AH = +40kJ mol~! EQUATION 1.1

(c) At 500K, the equilibrium constant for
EQUATION 1.1 is 7.76 x 1073.

In an equilibrium mixture at 500K, the
concentrations of hydrogen and carbon dioxide
are:

[H,] = 1.00 x 10> moldm™3

[CO,] = 3.46 x 10> moldm™

Calculate the equilibrium concentrations of H,0
and CO at 500K.

Assume the H,0 and CO come solely from this
reaction.



Give your answers to an APPROPRIATE number of
significant figures.

[H,0(9)] = moldm™3

[CO(9)] = moldm™3
[4]

(d) The water is electrolysed to regenerate the
hydrogen.

(1) Suggest a source of the energy needed to
electrolyse water.

[1]




(ii) Suggest a reason why the electrolysis of water
is beneficial to sustaining life on Mars.

[1]

Hy(g) + CO,(g9) = H,0(g) + CO(g)

AH = +40kJ mol ™ EQUATION 1.1
(e) The entropies of the gases involved in EQUATION
1.1 are:
Gas Entropy, S
/Jmol~ 1K1
CcoO +198
co, +214
H,0 +189
H, +131
(i) Calculate the entropy change, AS ys’ of the
forward reaction in EQUATION 1.15.
AS... = Jmol~ 1K1 [1]

sys



(i) Calculate the temperature at which AS,, = 0,
giving the units.

T= units [3]

(iii) What can you conclude about the equilibrium
when AS; ; = 0?

[1]
[TOTAL: 17]




2 Procion Brilliant Red 2BS, shown below, is a ‘fibre
reactive’ dye that attaches itself to wool by covalent

bonds.
*Na—03S SO3~Nat
N=N
OH NH
SO>~Nat
] N

Procion Brilliant Red 2BS

(a) Suggest the formula of ONE functional group on
the dye that makes it more soluble in water.

Explain why your suggested group does this.

[2]
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(b) A reaction scheme for the formation of a simple

azo dye is shown below.

¢ NOILOV3d

1DH/°ONEN

9 ANNOdINOD = ¢

} NOILOV3YH

TON3Hd
IO@ + 8 dANNOdINOD

VY ANNOdINOD

)
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(i)

(i)

(iif)

(iv)

Name the functional group in compound A
other than the benzene ring.

[1]

NAME compound B.

[1]

Give the name that describes REACTION 2 in
the context of dye formation.

[1]

Phenol is acidic in solution. Carboxylic acids
are also acidic but react in a way that phenols
do not.

Give details of this acidic reaction of
carboxylic acids.

[2]
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(c) Procion Brilliant Red 2BS reacts with the side-
groups in wool in a condensation reaction.

(1) Give BOTH products of the reaction below.

Z_
0
o
=
Z_
A
N
| Y I
O <—

YE
N

13 [2]



(ii) It is often necessary to wash wool that has
been dyed.

Give an advantage of a dye that is attached to
wool by covalent bonds compared with a dye
that is attached to wool by hydrogen bonds.

Explain why it has this advantage.

[3]
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(d) Explain, in terms of chromophores and electron
energy levels, why different dyes have different
colours.

In your answer you should make it clear how your
points link together.

[5]
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(e) CgHg can be represented as either structure C,
which is benzene, or structure D, which contains
three separate double bonds.

STRUCTURE C STRUCTURE D

(i) Predict the reactions of structures C and D
with bromine.

Give the TYPE of reaction and the SKELETAL
FORMULA of the organic product you would
expect in each case.

Structure C Structure D

Type of reaction

Skeletal formula
of organic product

[4]
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(ii) What would structure D suggest about the
bond lengths between carbon atoms in the
ring? Explain your answer.

[2]

(f) Hydroxyl groups can be substituted on to aromatic
rings by a reaction sequence, such as that shown
below.

REACTION 3 REACTION 4
benzene » chlorobenzene = phenol

(i) Write an equation for reaction 3, giving the
formula of a suitable catalyst over the reaction
arrow.

[2]
(ii) Suggest a reagent for reaction 4.
[1]
[TOTAL: 26]
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3 Trans-esterification reactions are used to make esters
from vegetable oils. These esters are suitable for use
as biofuels, such as biodiesel.

One trans-esterification reaction is shown opposite.

(@) (i) Give the systematic name for compound F.

[1]

(i) Give the systematic name for compound H.

[1]

(b) Ester G is unsaturated.

Give the number of double bonds in the C7H11
group.

[1]

(c) One type of intermolecular bonding in esters E
and G is instantaneous dipole—-induced dipole.

(i) Give another type of intermolecular bond

that exists between molecules of E and also
between molecules of G.

[1]
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(ii) Ester G is more suitable as ‘biodiesel’ than
ester E as it has a lower boiling point.

Explain the difference in boiling points in
terms of intermolecular bonding.

[3]

(d) An alkaline catalyst is used in the process of
trans-esterification.

The catalyst removes a proton from the alcohol,
ROH, to form an RO™ ion.
The RO ion then attacks ester E.

The intermediate rearranges to eliminate one
molecule of ester G.

(i) Complete the mechanism for this reaction by
adding the intermediate and the curly arrows
showing the electron movements in STEP 1
and STEP 2.

20
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(ii)

(e) (i)

(ii)

What is the role of RO~ in the mechanism in
STEP 17

[1]

A chemist makes ester G in the laboratory by
reacting the appropriate acid and the alcohol
ROH.

Write an equation for the equilibrium reaction,
using structural formulae.

[2]

The chemist uses concentrated sulfuric acid in
carrying out the esterification.

Suggest TWO functions of the sulfuric acid in
the esterification process.

[2]
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BLANK PAGE
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(f) Another ester J has the molecular formula
CgH;,0,- The infrared and proton NMR spectra for
ester J are given opposite.

You may use the page opposite for working but all
answers must be transferred to the lines on pages
26 and 27.

24
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(i) C:H,,0, has isomers that are acids.
5 10 - :
One of these acids has a chiral centre.

Give the structure of this isomer, circling the
chiral centre.

[2]

(ii) Explain, using the infrared spectrum, why
compound J cannot be an acid and is an
ESTER.

[2]

26



(iii) Use the NMR spectrum to work out the
structure of ester J, 05H1002.

Give your reasoning.

Include in your answer an explanation of the
doublet at a chemical shift of 1.2 ppm.

[3]
[TOTAL: 24]
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4 Scientists involved in the conservation of old leather
books are concerned about the presence of acidic
ammonium sulfate rotting the surface of the leather.
This ammonium sulfate is formed by sulfuric acid
from polluted air reacting with proteins in the leather.

(a) Proteins contain —CONH, groups that react with
aqueous sulfuric acid.

(i) Name the -CONH,, group.

[1]

(ii) Complete and balance the equation below to
show the reaction of this group with aqueous
sulfuric acid to form ammonium sulfate,
(NH,),S0, and an organic product.

RCONH2 + H2$O4 + H20 —_—
[2]

(iii) Classify this reaction by circling one word
from the list below.

addition
condensation
elimination
hydrolysis

substitution

[1]
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(b) The dissolving of ammonium sulfate in water is an
endothermic process.

(i) The circle below represents an ammonium ion.
Complete the diagram to show how this ion is
hydrated in aqueous solution and name the
bonds formed between water and the ion.

Include any relevant partial charges.

©

name of bonds [3]

29



(ii) Part of the relevant enthalpy level diagram
for the endothermic dissolving of ammonium
sulfate, (NH;),SO,, is shown below.

A

enthalpy

lattice
enthalpy

Complete the enthalpy level diagram to show the
level for ammonium sulfate solution.

Label the levels with the correct species including
state symbols.

Label the other enthalpy changes.
[5]
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(c) The following equilibrium exists in an aqueous
solution of ammonium ions.

—_ +

(i) Indicate an acid—base pair on the equation

(ii)

(iii)

above, labelling which is the acid and which
the base. [1]

Write the expression for K, for the ammonium
ion.

Ka =
[1]

The pH of a 0.10moldm™2 solution of
ammonium ions is 5.13.

Calculate the value of Ka for the ammonium
ion and give its units.

K, = units [3]
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(iv) Ammonia is a weak base and it has an
‘ionisation constant’, K,,, given by:
[NH 4+] [OHT]

K. =
b [NH,]

Use the expressions for K, K, and K, and
your value for K, to calculate a value for K,

K, = 1.0 x 1071 mol?dm

K, = moldm™3 [2]

32



(d) A buffer solution based on ‘lactic acid’ is
sometimes used to buffer the acidic effects of the
ammonium sulfate. Lactic acid is a weak acid and
its ionisation can be represented by the equation
below.

HA — H* + A™
Explain, using the equation above, how a solution

containing HA and A" ions acts as a buffer
solution when a small amount of acid is added.

[4]
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(e) The skeletal structure of lactic acid is shown
below.

LACTIC ACID
O

A

OH

When left standing over concentrated sulfuric

acid, lactic acid, C,H.O,, forms a cyclic ester with
3.6-3

molecular formula CgHgO,.

Suggest how the cyclic ester is formed from lactic
acid.

Give the structure of the cyclic ester.

[2]
[TOTAL: 25]

34



5

In the volcanic crater at Solfatara, near Naples, the
air smells of sulfur dioxide. Crystals of sulfur can be
seen on the ground, together with orange ammonium

sulfide.

(a) Sulfur dioxide can be represented as a sulfur atom
with double bonds to each of two oxygen atoms.

(i) Draw a ‘dot-and-cross’ diagram for this
structure.

[2]
(ii) Explain why this molecule is ‘V-shaped’.

Predict the bond angle.

[3]
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(iif)

(iv)

Ozone has a similar SHAPE to sulfur dioxide,
with an oxygen atom replacing the sulfur atom.
Oxygen, however, can only have a maximum of
eight electrons in its outer shell.

Suggest a possible ‘dot-and-cross’ diagram for
ozone.

[2]

Sulfur dioxide gives rise to ‘acid rain’ in the
atmosphere.

Write an equation that shows how sulfur
dioxide forms aqueous hydrogen ions in the
atmosphere.

Show state symbols.

[2]

36



(b) (i) The element sulfur can be formed by the

(ii)

reaction of hydrogen sulfide with sulfur
dioxide, as shown in the equation below.

Write the oxidation states of sulfur on the lines
below the equation.

SO, + 2H,S — 3S + 2H,0

[3]
44.3g of SO, are mixed with 44.3g of H,S.

Calculate the maximum mass of sulfur that
could be formed.

Show your working.

mass of S = g [3]

37



(iii) The element sulfur has a simple molecular
structure.
Predict TWO physical properties of sulfur,
apart from solubility and boiling point, and
explain how these are related to the structure.

In your answer, you should make it clear how
your points link together.

[4]
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(c) Hydrogen sulfide and water are both Group 6
hydrides. The two hydrides have different states at
room temperature.

(i) Explain what is meant by a ‘Group 6 hydride’.

[2]

(ii) Water is a liquid at room temperature whereas
hydrogen sulfide is a gas. This is because the
intermolecular bonding is much stronger in
water.

Explain this difference in strength of
intermolecular bonds in terms of the
differences between sulfur and oxygen atoms.

[2]
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(iii) Another unusual property of water is the
density change when it freezes.

Describe and explain this change.

[2]
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(d) Ammonium sulfide crystals, (NH,),S, are also
found in the volcanic crater.

(i) Write the electron conflguratlon (in terms of s
and p sub-shells) for a sulfide ion, §2-

[1]

(i) Ammonium sulfide, (NH,),S, reacts with
sodium hydroxide to form sodium sulfide.

Suggest an equation for this reaction.

[2]
[TOTAL: 28]

END OF QUESTION PAPER

41



ADDITIONAL ANSWER SPACE

If additional answer space is required, you should use the
following lined page(s). The question number(s) must be
clearly shown in the margins.

42



43



44



45



46



BLANK PAGE

47



&
OCR™”
Copyright Information

OCR is committed to seeking permission to reproduce all third-party content
that it uses in its assessment materials. OCR has attempted to identify and
contact all copyright holders whose work is used in this paper. To avoid the
issue of disclosure of answer-related information to candidates, all copyright
acknowledgements are reproduced in the OCR Copyright Acknowledgements
Booklet. This is produced for each series of examinations and is freely
available to download from our public website (www.ocr.org.uk) after the live
examination series.

If OCR has unwittingly failed to correctly acknowledge or clear any
third-party content in this assessment material, OCR will be happy to correct
its mistake at the earliest possible opportunity.

For queries or further information please contact the Copyright Team, First
Floor, 9 Hills Road, Cambridge CB2 1GE.

OCR is part of the Cambridge Assessment Group; Cambridge Assessment
is the brand name of University of Cambridge Local Examinations Syndicate
(UCLES), which is itself a department of the University of Cambridge.

* 4 042936237 48




