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Use of Data Booklet is relevant to this question

Hydrogen polyoxides are chemical compounds that consist only of hydrogen and oxygen
atoms, bonded exclusively by single bonds.

One such hydrogen polyoxide contains 97.56% by mass of oxygen.

What could be the identity of this hydrogen polyoxide?
A Hz0: B H203 C H0. D H20s

Use of Data Booklet is refevant to this question
A 5g sample of a diatomic gas was found to contain 3.76 x 102 atoms.

What is the relative molecular mass of this gas?
A 40 B 80 c 120 D 160

Carbon disuffide vapour burns in oxygen according to the following equation.

CSa(g) + 40:(g) - CO2(g) + 280s(g)
A sample of 10 cm? of carbon disulfide was burned in 50 cm? of oxygen. After measuring
the volume of gas remaining, the product was treated with an excess of aqueous sodium
hydroxide and the volume of gas measured again. All measurements were made at the
same temperature and pressure in which carbon disulfide was gaseous.

What were the measured volumes?

volume of gas volume of gas
after burning / cm? after adding NaOH(aq) / cm?
A 30 0
B 30 10
c 40 10
D 40 30

Use of the Data Booklet is relevant to this question.

Two moles of an oxidising agent, WOs>, in the presence of excess acid oxidised
68.1 dm? of sulfur dioxide gas at standard temperature and pressure to S04

What is the number of moles of electrons accepted by one mole of WO2*?
A 1 B 2 cC 3 D 4

[Turn over

Partnerinl.eaming

71
More papers at WWWQtestpapersfree.com

BP~604



3

5 G* has a relative atomic mass of 75 and contains 45 electrons.

Which of the following is an isotope of G?

Number of protons | Number of electrons | Number of neutrons
A 42 42 33
B 42 42 35
c 48 48 27
D 48 48 30

6 Use of the Data Booklet is relevant to this question.

The valence electronic configuration of 4 elements, J, L, M and Q are listed below.

Element Vaience Electronic Configuration
J 182
L 2s® 2p°
M 3s?
Q 3s? 3p°

Which of the following statements about these elements are true?

Element J and M are in the same group but different period.
Element L and Q are in the same group but different period.
Element M and Q are in different group but the same period.

A

Element J and L are in different group but the same period.

1 and 2 only
1 and 3 only
2 and 3 only

o0 m >

2 and 4 only

7 Use of the Dafa Booklet is relevant to this question.

Which of the following species has the same number of unpaired electrons as Cu in Cul?

A Na
B Mn*
cC CcFP
D v*

[Turn over
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8  Which of the following species contain a co-ordinate bond?
1 AICIl~
2 CO
3 NO;
4 SO&

1 and 2 only
2 and 3 only
3 and 4 only

o0 m P

1 and 4 only

9  Which of the following molecules are planar?
1 BCh
2 ICl
3 HO

1,2 and 3
1 and 2 only
2 and 3 only

=2 I

1 only

10 Which of the following gases requires the least amount of pressure to liquefy?
A CO; B CHi:CHa C CHCH:F D CHsCH:OH

11 Which of the following equations represents the lattice energy of MgO?
A Mg(s) + %£02(g) —> MgO(s} |
B Mg¥(g) + % 02(g) —» MgO(g)
C Mg¥(g) + 0*(g) —» MgO(s)
D 2Mg*{(g) + 02> (g) — 2 MgO(s)
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5
[Turn over
Consider the following energy cycle.
A < AH;, B AHz > C
AH7 AHS 1 AHS
AHe AHy

F —————pE 4D

Which of the following is the AH of A to D?
A AH;+AHo + AH,
B AH;:+ AHa+ AHs
C  AHs;— AH, — AH;
D AHs— AHs — AH;

To monitor the kinetics of a reaction between Q and R, two experiments were conducted
to monitor the concentration of R over time with different concentrations of Q. The graph
below shows the resulfs obtained.

[R]/ moldm®
A

0.10

0.05

\{Q] = 1.0 moldm?

[Q] = 2.0 moldm™®

0 20 » time / min

Based on the graph above, which of the following is the rate equation of the reaction
between Q and R?

A rate=k

B rate =k[Q]

C rate=k|[R]

D rate =k[Q]R]

[Turn over
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Q14 and 15 will make reference to the reversible reaction between X and Y fo produce Z

14

15

16

Given that the K; for the following equilibrium is 9,
X(s) + 2Y(g) = 2Z(g)

What is the mole ratio of Y : Z at equilibrium?
A 1:1 B 1:3 c 3:1 D 9:1

When the same reaction between X and Y was repeated at a higher temperature, the K
value was found to be 12.
Which of the following statements about this equilibrium are correct?

1 The production of Z is an endothermic process.

2  When the pressure of reaction is reduced, more Y is produced.

3 Adding more Z after equilibrium has been established will lead to a
decrease in the K. value.

4  Adding a catalyst to the equilibrium will speed up the rate of the forward and
backward reaction but the value of K; remains unchanged.

1 and 4 only
2 and 3 only
3 and 4 only

oo m>P

1 and 2 only

Boric acid, B(OH)s, is often used as an antiseptic and as a precursor to other chemical
compounds. The following equilibrium iliustrates the acidity of boric acid.

B(OH)s (aq) + 2H20 (/)

B(OH)s (ag) + H30" (aq)

Which of the following statements about the above equilibrium are incorrect?
1 Boric acid accepted a lone pair of electrons from OH".
2  Boric acid is a weak monobasic acid.
3 Boric acid is a Brensted-Lowry acid.
4 Boric acid is an Arrhenius acid.

A 3only

B 1and2only

C 2and4only

D 1,3and4only

[Tum over
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7

Human plasma is buffered mainly by dissolved CO. which has reacted to form carbonic
acid, HzCOa.

HzCOa(aCD

H*(aq) + HCOa(aq)

Given that the ratio of [HCO3"] to [H2COs] in human plasma is 20 : 1 and the acid

dissociation constant, K, of carbonic acid is 8 x 10-" mol dm™3, which of the following
statements is incorrect?

A The pH of human plasma is 7.4.

B The concentration of H2COs will decrease while the concentration of HCO;~ will
increase when a small amount base is added to human plasma.

C This buffer is more efficient in removing acid than base.

D This buffer system can be prepared by mixing suitable amounts of sodium
hydrogencarbonate and sodium hydroxide.

The dissociation of water is an endothermic process and has the following equation,
H0() ==H"(aq) + OH (aqg)

= [H*][OH"] and it represents the ionic product of water.

Which if the following statements is correct?
A Water is not neutral when temperature of water is increased.
B The pH of water is 7 at all temperatures.
C When the temperature of water is decreased, pH of water will increase.
D When the temperature of water is increased, a pH of 7 is considered acidic.

Which of the following statements about Period 3 elements and their oxides is incorrect?
A The covalent character of Period 3 oxides increase across the period.
B The melting points of Period 3 elements decrease across the period.
C The resultant pH of the oxides in water decrease across the period.
D The maximum oxidation state of Perlod 3 elements increases across the period.

Which of the following elements has a giant lattice structure with its chloride readily
undergoing hydrolysis?

A Mg B Na c Si D S

[Turn over
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Q21 and 22 will make reference to the structure of suffonamide and its synthesis.

21 Sulfonamides are one of the earliest antimicrobial drugs developed in the laboratory.
Below shows its synthesis from nitrobenzene.

NHCOCH;

0—0—0

Nitrobenzene

NHCOCH; NHCOCH;

O—Q—C

OzS—NH; 05—NH; 0;5—C

Suifonamide

Which of the following types of reactions were involved in the above synthesis?
1 Addition
2  Condensation
3 Hydrolysis
4  Reduction

1 and 2 only
3 and 4 only
1,2 and 3 only
2, 3and 4 only

oo w >

22 Which of the following bond angle is not seen in sulfonamide?

A 105°
B 107°
c 1095°
D 120°

{Turn over
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23 The classic red colour from many lipsticks are obtained from pigments and dyes such as
Carmine Red, whose structure is given below.

Carmine Red

Which of the following'functional groups is not found in Carmine Red?

A

B
Cc
D

Carboxylic Acids
Ester

Ketone

Primary alcohol

24  Which of the following molecules are constitutional (structural) isomers?

o0 m >

3 NN
4 \ \ OH

1 and 2 only
1 and 4 only
2 and 3 only
3 and 4 only

[Turn over
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25 Compound T is an alkene with an M: of 94. When it reacts with hydrogen, the product
has an M; of 100.

What is the maximum number of cis-trans isomers possible for compound T?
A 2 B 4 C 6 D 8

26 Alkanes can under free radical substitution with limited liquid bromine to produce mono-
substifuted bromoalkanes.

Which row gives the correct number of possible mono-substituted bromoalkanes and
their ratio when 2,4-dimethylpentane reacts with limited bromine?

No. of possible mono-substituted Ratio between the products
bromoalkanes
A 3 1:1:6
B 3 2:3:3
C 4 1:1:6:6
D 4 1:2:3:3

27 Equal amounts of 3 halogenoalkanes were treated with ethanolic sliver nitrate and the
time taken for a precipitate (ppt) to appear are recorded in the table below.

Alkylhalide Time taken for ppt to appear

Bromoethane 3 minutes

Chloroethane 5 minutes
lodoethane Almost immediately

Which of the following statements best explains this observation?
A lodoethane contains the most number of elecirons.

B Chilorine is the most electronegative atom.
C The bond between carbon and iodine is the weakest.
D The bond between chlorine atoms is the strongest.

[Turn over
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28 Which of the following statements correctly describe the difference between low density
poly(ethane) (LDPE) and high density poly(ethane) (HDPE)?

1 The average polymer chain for HDPE is shorter than LDPE.
2 LDPE chains are branched while HDPE chains are linear.
3 LDPE has a lower flexibility than HDPE.

1 only
2 only
1 and 3 only

oo mw >

2 and 3 only

29 1,3-butadiene can undergo addition polymetrisation according to the following equation.

H H H H H H H H
] | 1] |

n T-—-C-—-C—(l) —_—— C—C—C——T
H H H H=-n

An addition polymer, X, has the following structure.

n

Using the information given above, which of the following is the monomer of polymer X?
A

O

[Turn over
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30 Polymer Z has the following repeat unit.
TP T
COQ™ COOCH;

Which of the following statements about this polymer is correct?
A |tis formed from 2 monomers.
B liis a condensation polymer.
C Itis a water soluble polymer.
D The structure of the monomer contains only 1  bond.

-END OF PAPER-
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Section A
Answer all the questions in this section in the spaces provided.
1 The second ionisation energies of nine consecutive elements A to J in Periods 2 and 3
of the Periodic Table are as shown.

2™ |E /kd mol
3

# Proton Number

(a) (i) A andJ are inthe same group. Explain why the second ionisation energy of

J is lower than that of A. [1]

{ii)  Explain why element A is in Group 16. 1]
(iii) Explain the dip in second ionisation energy from A to B. [2]
PartnerinLearning [Turn over
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1 (b) The oxide of G Is insoluble in water while its chloride reacts completely with
aqueous sodium hydroxide to give a resulting mixture which is neutral.
(i)  Write 2 equations to justify the formation of the resulting neutral mixture. [2]

......................................................................................................

There is another element which forms an inscluble oxide.

(ii) Identify this element. [11
(iii) State the nature of the oxide of the element in (b}{ii) and that of G. (11
Oxide of element in (b}{(il): ...........ccoevreinn il
Oxide of G: ...

(iv) There are two unlabelled samples of white solids which could either be a
sample of the oxide of the element in (b)(ii) or the oxide of G. Describe the
reactions you could carry out on the solids to determine its identity. In your
answers, include the reagents used for each test and describe the
observations. [2]

......................................................................................................
.......................................................................................................
.......................................................................................................
......................................................................................................

[Total: 10]
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2 Synthetics polymers are macromolecules which have many uses. They are made from
monomers which combine fogether in polymerisation reactions.

In a chemical reaction, if all of the product molecules are useful, then the reactant
molecules is said to have a 100% afom economy where there is no waste to dispose of
and so no pollution from the prodf.ucts. if one or more of the product molecules are not
useful, the alom economy is less than 100% where there Is waste to dispose of and the
process is polluting. Reactions with 100% atom economy are less wasteful of resources.

Polymers can be designed to have specific properties so that they can be used for
specific purposes.

Polyamides, PA are polymers which are often used in packaging materials. An
example of PA has the following structure.

— T : _ T 0 -
N
N\/\/\/\/
pd N\
L © AN
PA

(a) (3 Draw the structural formulae of the two monomers used to make PA. {2)
(ii) State the type of polymerisation for PA. (1]

......................................................................................................

(iif) State the reagents and conditions other than the two monomers needed for
the above reaction to make PA. [11

......................................................................................................

[Turn over
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2 (a) (iv) Suggest whether or not the atom economy of the production of PA is 100%.
Explain your answer. M1

......................................................................................................

v

It was suggested to use PA as a material for the packaging of the above
mentioned fertilizer. Explain if it is suitable for PA to be used. 2]

[Turn over
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2 (a) (vi) Predict whether PA is a thermosetting or a thermoplastic polymer. Explain
your answer with the aid of a suitable diagram, and your knowiedge of the
structure and bonding in polymers. [3]

.......................................................................................................
.......................................................................................................

.......................................................................................................
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considered carefully.

8

The table below shows properties of 4 polymers labelled A to D.

2 (b) When choosing a polymer for a specific use, the properties of the polymer must be

polymer melting chemical strength rigidity
point/°C reactivity
A 200 low medium medium
B 500 high medium high
c 1000 iow high low
D Decompose high high high
upon heating

State which polymer would be the most suitable for making a bullet-proof vest that

can withstand a bomb blast in a chemical warfare.
Explain your choice by considering each of the 4 properties listed in the table

above,

[4]

...............................................................................................................

...............................................................................................................

...............................................................................................................

...............................................................................................................
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3 Use of Data Booklet is relevant to this question.

Ethanol, C2HsOH, is an important industrial chemical and is used as a solvent and a fuel.
A student used the apparatus shown below to find the enthalpy change of combustion of

ethanol, AHq(ethanol).
Thermometer

Metal tin

Water

Tripod stand

Spirit lamyp containing ethanol

Block of wood

The measurements recorded by the student are shown in Table 3.1.

Mass of Initial Final Initial mass of | Final mass of

water /g | temperature | temperature spirit burner spirit burmer
of water/°C | of water/°C | and ethanol /g | and ethanol /g |

BP~623

200 27.6 59.56 113.25 112.22
Table 3.1
(a) (i) Define, with the aid of an equation, the term sfandard enthalpy change of
combustion of ethanol. 2]
[Turn over
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3 (a) (i) Using the data from Table 3.1, calculate a value for the enthalpy change of
combustion of ethanol, AH{ethanol). Hence, calculate the efficiency of the
heating process given that the theoretical value of the standard enthalpy
change of combustion of ethanol is — 1367 kJ mol™'. 31

(iii) Use the bond energies given in the Data Booklet to calculate another value
for the standard enthalpy change of combustion of ethanol. [2}

{iv) Suggest an explanation for the difference between the theoretical value and

your value in (a)(iii). (]

.......................................................................................................

[Turn over
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3 (a) (v} Given that the activation energy is 335 kJ mol, sketch a clearly labelled
reaction pathway diagram for the combustion reaction of ethanol using the
theoretical value of the enthalpy change of combustion of ethanol from

(a)(ii). [2]

Energy / kd mol™

A

.
=

Reaction pathway

(b) Ethanol can be oxidised using hot acidified potassium dichromate(VT).

(i} Draw the displayed formula of the organic product formed and give the
IUPAC name. - 2]

HUPAC Name: oo

(i)  Write a balanced equation for the oxidation of ethanol using [O] to represent
the oxidising agent. State the colour change observed. [2]

......................................................................................................

.......................................................................................................

urn over -
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3 (b) (iii) Other than using oxidising agents, suggest a simple chemical test to
distinguish ethanol from the organic product obtained in (b){i). [2]

.......................................................................................................

(iv) Infrared spectroscopy can be used to identify molecules by their different
functional groups. Ethanol and the product in (b)(I) have different infrared
absorption sbectra. With reference to the Dafa Booklet, state two differences
in the infra-red absorption spectra of ethanol and the product in (b)(1). 2]

......................................................................................................
.......................................................................................................

.......................................................................................................

[Total: 18]
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4 Steel is an interstitial alloy, as carbon atoms fit in between
iron atoms in the lattice. Brass is a subsfitution alloy, as zinc
atoms replace the copper atoms in the Iattide. Stainless
steel is a combination of interstitial and substitution alloys,
because carbon atoms fit in between the lattice, but some of

13

the iron atoms are replaced with nickel atoms.

interstitial

substitution

The alloy’s structure will determine properties such as hardness, which measures the
material's resistance to permanent shape change when a force is applied. These
properties rely on how much elecirostatic attraction is present between ions and
electrons in any given volume of the lattice.

+

Lattice Strength & Z-

r

(a) The ionic radius and ionic charge of the following element are given in the following

fable.
Element C|V|{Cr | FeiNi [CujZn | W
lonic radius (10?m) |16 |64 | 62 | 64 | 60 | 73 | 74 | 66
lonic charge 14 | +3 | +3 | +3 | +3 | +2 | +2 | +4

() Adding a small amount of which metallic element is likely to increase the
lattice strength of iron most? Give a reason for your answer.

[

.......................................................................................................

(ii) From the table above, suggest another element, other than nickel, that can
be added to iron to form a substitution zlloy.

(1

(iii) An aqueous solution of Fe® is known to be acidic due to its high charge
density, similar to AP*. Write an equation to justify the acidity of an aqueous
solution of Fe*.

[1]

.......................................................................................................
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(b} ()  With the aid of a labelled diagram, describe the structure and bonding in
jron. [2]

.......................................................................................................

(i) Metals are malleable because they can be hammered or pressed into
shapes without breaking the metallic bond. The hardness of iron is enhanced
when carbon atoms are added to iron atoms in the lattice. With reference to
your answer in (b){i), explain how adding carbon atoms enhance the

hardness of iron in steel. [1]

......................................................................................................

.......................................................................................................

(c) Cations of some of the metals such as Fe and Cr can act as catalysts for specific

reactions.
(i) Define the term, catalyst. [1]

e TEEESSAEEEEFIASRRAAEEEEEFEANGGAEEREEETeTEAbAd SR EEEETEITAR AR R YT b i dN R PN T T ARy
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4 (¢) (1) With the aid of a suitable diagram, explain how catalysts increase the raté of
reactions. [3]

......................................................................................................
.......................................................................................................
......................................................................................................

.......................................................................................................

[Total: 10]
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5 (a) Polystyrene (PS}is a type of polymer used to make foam box for food packaging
and has the following structure.

I
|_ C C C C J
| | 1y
H H H H
{i) Draw the skeletal formula of the monomer and state its IUPAC name. 2]

JUPAC Name: .......cccevnvuiincicrnrarianinan
(i)  State the reagents and conditions on how the monomer can be synthesized

from 1-phenylethano!. Write a balanced equation for the reaction.
OH

1-phenylethanol
[2]

Reagent and condition: .........cccoceeeminiii

Balanced Equation:

......................................................................................................

[Turn over
PartnerinLearning

736
More papers at www.testpapersfree.com



BP-631
17

5 (a) (ili) The progress of the reaction can be monitored by following the concentration
of 1-phenylethanol. Describe how the completion of this reaction can be
confirmed by means of a simple chemical test. [2]

......................................................................................................
.......................................................................................................

(b) Suggest an advantage and disadvantage of using polystyrene as a food packaging.

(21

...............................................................................................................

[Total: 8]
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Section B
Answer one question from this section in the spaces provided.
6 Phosgene is a toxic gas prepared by the reaction of carbon monoxide with chlorine.

CO {g) + Cl, ([g) =——— COCI; (9) K, = 1200 at 300°C

(a) (i) Write the K: expression for the preparation of phosgene. (11

......................................................................................................

(i)  If the equilibrium concentration of chlorine and phosgene are the same at
300°C, calculate the equilibrium concentration of carbon monoxide in the

reaction. 1]

(i)  Given that the enthalpy change of the above reaction is exothermic, deduce
how the K. will change when temperature increases. [2]

......................................................................................................

......................................................................................................

. [Turn over
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6 (b) The reaction between carbon monoxide and chlorine in the preparation of

phosgene is studied at constant temperature.

The initial concentration and rate data obtained for each experiment is given in

 Table 6.1.
Experiment initial rate / Initial [CO}/ Initial [CA}/
mol dm s~ mol dm™ mol dm=
1 1.29 x 10% 1.00 0.10
2 1.33 x 1030 0.10 0.10
3 1.30x 10 0.10 1.00
4 1.32x 103 0.10 0.01
Table 6.1

() Determine the order of reaction with respect to each reactant and hence
deduce the rate equation for this reaction. Use data from Table 6.1 to

explain your answers.

[31

(i}  Using experiment 1, calculate the value of the rate constant, stating its units.

PartnerinLearning
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6 (b) (iii} Using your answer in (b){i), sketch a graph of 1 mol dm-? carbon monoxide

against time when chlorine is in excess. [2]

{c) The structure of phosgene is as shown below.

ﬁ
C
a” e
Draw labelled diagrams to show how orbitals overlap to form a sigma (o) bond and
a pi (x) bond in the C=0 bond. [2]
[Turmn over
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(d) Table 6.2 shows the electronegativity values of the atoms in phosgene.

Atom | Electronegativity / Pauling units
c 25
CI 3.0
O 35
Table 6.2

Predict all possible intermolecular forces which could exist between phosgene
molecules. Explain how these forces arise. [3]

..............................................................................................................
..............................................................................................................
..............................................................................................................
..............................................................................................................
..............................................................................................................

T

(e} Phosgene reacts with methylamine to form methyl isocyanate.
COCI; + CHaNH; ————» CHiNCO + 2HC/

Draw the dot-and-cross diagram of methyl isocyanate given that it has two double
bonds. [l

[Turn over
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() 2.4-diisocyanatc-1-methylbenzene is used to make polyurethane foams. It can be

made in the following three-step process.

Compound A
CH, CH, CH,
NO, NCO

cocl,

- —_— —

Step 1 Step 2 Step 3

NO, NCO
(1) Using the information in (e), suggest the structural formula of A. [1]

(i) Step 2 is a reduction reaction. Write an equation for Step 2 using [H] to

represent the reducing agent. 1]
(iii}  State the type of reaction in Step 1. 1]
[Total: 20]
[Turn over
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7 Fumaric acid is an organic compound with the formula HO,CCH=CHCO,H. A white
solid, fumaric acid occurs widely in nature.

(a) (i) Wwrite the IUPAC name of the compound formed when fumaric acid is

reacted with hydrogen gas in the presence of nickel catalyst. [1]

.......................................................................................................

(ii) Draw skeletal diagrams to show cis-trans isomerism in fumaric acid and
explain how this isomerism arises. [2]

.......................................................................................................

(iif} Define the term constitutional isomer and draw the structural formuia of a
constitutional isomer of fumaric acid that does not contain a carboxylic acid
functional group. [2]

.......................................................................................................

(b) Fumaric acid is a weak acid that dissociates in water to fom a mono-anion,
hydrogen fumarate, HQ,CCH=CHCOQ,~.

(i)  Write an equation for the equilibrium between fumaric acid and water. Label

the conjugate acid and conjugate base in your equation. [2]

.......................................................................................................

[Turn over
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7 (b) (ii)

(iii)

24

Fumaric acid is reacted with cold acidified potassium manganate to form
tartaric acid.

HO OH
O%_\/I—o »> O \ o
OH HO OH HO
fumaric acid tartaric acld

0.20 mot dm™ of fumaric acid has a pH of 5.0 whilst 0.060 mol dm- of tartaric
acid has a pH of 5.5. With the aid of relevant calculations, predict if tartaric acid

or fumaric acid is a weaker acid. [2]

With the aid of a suitable diagram, explain how sodium hydrogen fumarate is
soluble in water. [2]

.......................................................................................................

.......................................................................................................

[Turn over
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7 (¢) Fumaric acid (M. = 116) has been used as a food additive since 1946 in the EU,
USA, Australia and New Zealand. As afood additive, it s used as apH

regulator and can be dencted by the E number, E297. It is generally used in
beverages and baking powders.

(0

(i)

An equimolar mixture of fumaric acid and hydrogen fumarate ion is an acidic
buffer. Write an equation fo show how the buffer regulates the pH on the
addition of H* ions. [1]

The ingredient labei of a brand of baking powder has been found to contain
E297.

A 1g sample of baking powder is dissolved in 15 cm® of excess
0.0535 mol dm™ sodium hydroxide. The impurities in the baking powder are
insoluble and do not react with sodium hydroxide. The solution is filtered into
a 250 cm?® graduated flask. Deionised water is added so that the total volume
of the solution is 250 cm?. This is solution Z. 10 cm® of solution Z required
15.60 cm?® of 0.001 moldm sulfuric acid for complete neutralisation.
Calculate the percentage by mass of E297 in the sample of baking powder.

[3]

[Turn over
PartnerinLearning
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7 (d) Predict and explain whether magnesium hydrogen fumarate or sodium hydrogen
" fumarate has a higher meiting point. [21

...............................................................................................................
...............................................................................................................

...............................................................................................................

{e) Fumaric acid undergoes complete combustion to form carbon dioxide gas and
water.

(i) Define the term standard enthalpy change of formation of fumaric acid with

the aid of a balanced chemical equation. [11

(ii) Relevant values of AH% are given in Table 7.1.

Compound AH%/ kJ mol!
Fumaric acid - 811
Carbon dioxide -394
Water - 286
Table 7.1

Using relevant values from Table 7.1, calculate the standard enthalpy
change of combustion of fumaric acid. [2]
Equation for the combustion of fumnaric acid:

H H

HO,C——C==C——CO,H (s) + 30,(g) — 4C0z(g) + 2H:0()

[Total: 20]
-END OF PAPER-
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NAME Class

ST ANDREW’S JUNIOR COLLEGE

JC2 Preliminary Examination [Worked Solutions]

H1 Chemistry (8873/01) 18 Sep 2020
Paper 1 Multiple Choice 1 hour
Additional Materials: Multipie Choice Answer Sheet, Data Booklet

READ THESE INSTRUCTIONS:

Write in soft pencil.
Do not use staples, paper clips, glue or correction fluid.

There are thirty questions on this paper. Answer all questions. For each question
there are four possible answers A, B, C and D.

Choose the one you consider correct and record your choice in soft pencil on the
separate Answer sheet.

Each correct answer will score one mark. A mark will not be deducted for a wrong
answer.

Any rough working should be done in this booklet.

The use of an approved scientific calculator is expected, where appropriate.

This document consists of &5 printed pages (including this page).
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Answers:
1 D 7 [+] 13 B 19 B 25 D
2 D [] A 14 B 20 c 26 A
3 C 9 B 15 A M D 27 C
4 C 10 D 16 A 22 A 28 B
[ B 1" [o] 17 D 23 B 29 B
[] [+ 12 8] 18 [+ 24 A 30 C

Use of Data Booklet is relevant to this question

Hydrogen polyoxides are chemical compounds that consist only of fiydrogen and oxygen
atoms, bonded exclusively by single bonds.

One such hydrogen polyoxids contains 97.56% by mass of oxygen.

What could ba the Identity of this hydrogen polyoxide?
A HO:z B HO ¢ HO. B B
Ans: D
Since the compound only contain hydregen and oxypen, the % by mass of hydrogen
=100 — 97.56 = 2.44%

H:O
2.44 : 97.56 (%)
2.44 ; §,0975 (divide by Ar)

1: 2.5 (divide by smallest number)

25

Use of Data Booklet is relevant to this question

A 5g sample of a diatomic gas was found to contain 3.76 x 10% atoms,

What is the relative molecular mass of this gas?

A 40 B 80 c 120 I
Ans:D -
Since the gas is diatomic, the number of molecules of this gas in the 5 g sample
=(376x 10%)/2=188x 10%
Thersfore, the number of moles of this gas = {1.88 x 10%) / (6.02 x 10¥) = 0.03125
Thus, Mr of the gas = & / {0.03125) = 160

PartnerinLeaming
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3
Carbon disulfide vapour bums in oxygen according fo the following equation.
CS2(g) + 40:g) -» CO2(g) + 280a(g)
A sampie of 10 cm? of carbon disulfide was burned in 50 cm? of oxygen. After measuring
the volume of gas remaining, the product was treated with an excass of agueous sodium
hydraxide and the volume of gas measured again. All measurements were made at the
same tamperature and pressure in which carbon disulfide was gaseous.

What were the measured volumes? .
volume of gas volume of gas

after burning / cm? after adding NaOH(aq) / cm®
A 30 0
B 30 10
| L I ]
D 40 30
Ans: C

Voiuma of gas before burning = 60 cm?

Volume of gas used = 10 + 30 = 40 cm®

Volume of gas produced after burning = 30 em?
Volume of gas remaining = 60 — 40 + 30 = 50 cm?

CO; and SO» are both ackdlc gases hence both will react with ag NaOH.
Henee vol of gas after adding aq NaOH = 50 — 30 = 20 om?

Use of the Data Booklot is relevant fo this question.

Two moles of an oxidising agent, WOs?-, in the presence of excess acid oxidised
68.1 dm?® of sulfur dioxide gas at stendard temperature and pressure to S04,

What Is the number of moles of electrons accepted by one mola of W07

A1 B 2 E E D 4
Ans: C

n(SC;) = 68.1/22.7= 3

80z + 2H0 D S04 + 4H* +2e

WO = SO;

2 : 3

3 mol of 30, donate 6 mol of elsctrons which Is accapted by 2 mol of WOs*
Hence 1 mol of WO accepts 3 mol of electrons

PartnerinLeaming
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6

Which of the following molecules are planar?
1 BCh
2 ICL
3  HO*

Poael A sy
BT LA LI

A
i
€ 2and3only
D 1only
And: B
Option 1 is 3bp, Olp so trigonal planar; Option 2 is 4bp, 2 Ip s0 square planar and
Option 3 Is 3bp, 1Ip o Its trigonal pyrarmidal. Hence only Option 1 and 2 are planar
Which of the following gases requires the least amount of pressure to liquefy?

A CO: B CHiCHs ¢ CH3CHsF 0
Ans: D
When liquefying gas, the one with the strongest Intermolecutar force would require the
least amount of prassure. A and B have id-id , C has pd-pd whils D has H-bond. H hond
being the strongest among the 4 will aliow D to requira the least amount of pressure to
liguefy.
Which of the following squations represents the Iattice energy of MgO?

A Mg(s) + % Ozfg) ———+MgO(s)
B Mg?(g) + %05 (g) ——» MgO(g)

Vit

D 2Mg*(g) + O (g) —* 2MgO(s)
Ans: C
By deflnition, latfice energy is the energy evolved when one mole of the solid ionic

compound is formed from its gaseous ions at 298K and 1 bar.

PartnerinLeaming
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13

Conslider the foliowing energy cycle.

ALl g _ B o
AH
Ft gt _p

Which of the folfowing is the AH of A to D7
A AH; + AHz+ AHs
B AH, + AH,+ AHs
€ AHs - AH: - AHy

Ans: D

.n._,oa are 3m:< saém‘”o nmﬂ from A to D,

its either — AHy + AHz + AHy OR — AH; — AHs— AHq OR — AH7 + AHg + AHs+ AHz+ AHs
OR — AHy + AHa— AH4ywhich when rearranged Is option D.

To monitor the kinetics of a reaction between Q and R, two experiments were conducted
to monitor the concentration of R over time with different concentrations of Q. The graph
below shows the results obtained.

= .” moldm®
A

0.10

0.05-

™[] = 1.0 moldm?®

[Q] = 2.0 moldm™?

10 20 » time / min

Based an the graph above, which of the following Is the rate equation of the reaction
between & and R?

rate = kK

RN

rate =k [R]

rate = k [QIR]

o 0>

PartnarinL.esaming
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Ans: D
A ls comect: K = [HCOs™] [H*1/ [HCO4] = (20} [H*1/ (1)
Thus [HY] = Ka /20 =4 x 108, pH =g {4 x 10°) = 7.39 =74

B is correct: When OH- is added to the buffer, H:COswill react with it and produce HCOs™.
Hence [HCOs] will increass whils [H2CO3) will decraase.

C Is correct; Given the ratio of [HCOs™} : [H2COa] Is 20:1, there are more HCO5™ present
to remove H*.
D Is incorrect: The proposed mixture would produce & buffer of COs* and HCOy.

Hence, This buffar system can be prepared by mixing suitable amounts of carbonie acld
and sodium hydroxide OR sodium hydrogencarbonate and hydrochloric ecld
The dissociation of water is an endothermic process and has the following equation.

Hz0(f) ===H"(aq) + OH (aq)

K= [HY[OH-] and # reprasents the ionic product of water.
Which if the following statements is correct?

A Water is not nsutral when temperature of water Is Increased.
B The pH of wateris 7 at all 83_“_«3.5.3.

B o 4 A
D When the temperature of water is increased, a pH 2 7 is consldered acidic.

Ans: C

Option A is wrong as at all temperatures, (H*] = [OH] which makes water neutral at ail
temperatures.

Whaen the temperature of water increase, position of equilibrium will shift to the right
glven the dissociation of water is endothermic. Hence, [H*] wil Increase. With that, pH is
expacted to falf and hence option B Is wrong.

Due to the same reason, tha neutrs! pH of water will fall below 7 when temperature s
ingreased and hence a pH of 7 Is sesn as basic and not acidic, making option £ wrong.
When temperature falls, the reverse will happened and [H*] in tha solution will decrease
eausing pH to increase. Henca option C is no:.oﬂ. :

18  Which of the following statements about Period 3 elements and their oxides is Incorrect?

The covalent o_._m_.mnoq of Period 3 oxides increase across the _umzon

The resultant u: o::m ox.n@m in water decrease across the uw.._oa
The maximum oxidation state of Period 3 elements increases across the period.

A
B
c
D

PartnarinLeaming
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Ans: B

Optlon A is trus as Period 3 oxides change from lonic to lonic with covalent character to
covalent across the period.
Option B Is false as thera Is an increasa in meiting point from Na to Si before
decreasing.
Option C Is true as the pH of the oxides in water change from basic to acidic.
Option D is true as the oxidation state of the cation change from +1 to +6 for oxides.
Which of the following elements has a giant lattice structure with ita chloride readily
undergoing hydrolysis?

A Mg B Na R B D 8
Ans: G
Since 5@ slament :mm a m_m_.: lattice structure, _,“ maans its m_§mq a metal o_. a n_ma

. oo<m_ma _._._o_mo:_m q:_w rules out option D.

Chioride of Na don't hydrolyse in water while that of Mg only partially hydrolyse in
water. Chioride of Si howsver undergoes complete hydrolysis in water.

Q21 and 22 wilf make reference to the structure of sulfonarnide and ifs synthesss,

21

Suifonamides are one of the earliest antimicroblal drugs developed in the laboratory.
Below shows its synthesls from nltrobenzene.

J NHCOCH,
Nitrcbanzena

“ NHCOCH, z:non_._a

Oy8—NH; Oz5—NH; 08—l
Sulfonamide

Which of the following types of reactions were Involved in the above synthasis?

1  Addition
2 Condenssation
3 Hydrolysis
4  Reduction
PartnerinLeaming
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26 Alkanes can under frae radical substitution with limited liquid bromine to produce mono-
m:cﬂ._g bromoalkanes.

Which row gives the comrect number of posstble mono-substituted bromoalkanes and their
ratio when 2 4-dimethylpentane reacts with limited bromine?

No. of possible mono-substituted Ratio betwaen the products
bromoalkanes
K} | e
B 3 , 2:3:3
c 4 1:1:6:6
D 4 1:2:3:3
Ans: A

For frea radical substitution of 2,4-dimethyipentane, there ars only 3 possible products

as the molecule is symmetrical.

M Equal amounts of 3 halogenoalkanes were treated with ethanolic sliver nitrate and the
time taken for & precipitate (ppt) to appear are recorded In the table betow.

Alkylhalide Time taken for ppt to appear

Bromoethane 3 minutes

Chiorogthane 5 minutes
Iodoethane Almost immediataly

Which of the following statemants best explains this observation?
A Iodosthane contains the moest number of electrons.

B Chlorine is the most electronegative atom.

D The bond batween chlorine atoms is the strongest.

Ans: C

The rate of the reaction betwean alkylhalides is depandant on the bond strength between

carbon and the halogen. The weaker the bond, the faster the reaction and hence, the

faster the ppt will appesar.

28 Which of the following statements comractly describe the difference between low density
poly(ethane) {LDPE) and high density paly(sthane} (HDPE)?

1 The average polymer chain for HDPE is shorter than LDPE.
2 LDPE chalns are branchad while HDPE chains are linear.
3 LDPE has 2 lower flexibility than HDPE.

R R e e YL L LRIU NS I IL

1 only

1 and 3 only
2 and 3 only

o oki>»
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Ans: B

Only option 2 correctly points out the difference between [.DPE and HDPE. HDPE has a
longer average polymer chain than | DPE. HDPE is mare rigid and slife and hence less
flexible than LDPE.

1,3-butadiene can undergo addition polymerisation according to the following equation.

H H H H H H H H

LT ]
n n_u|n|0|% . Lt _u .ﬂlﬂlnla_u

H H H H-<4dn

An addition polymer, X, has the following structure.

Using the informaticn given above, which of the following is the monomer of polymer X7
A

c

Ans: B
How the polymer Is formed

(Focusing on the middle monomer In red)

- One of the bond of the C=C will break and the 2 electrons that make up the
bond will split and move in opposite directions as Indicated by the arrows (each
amow represent one electron)

- Where the arrows meet (as indicated by the red square is where a new bond is
formed and the polymer below Is formed

PartnerinLeaming
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2

Section A

Answer alt the questions In this saction in the spaces provided.

The second lonisation energles of nine consacutive elements A to J In Periods 2 and 3
of the Pariodic Table are as shown,

27 {E fkJ mol -

r 3

» Proton Number

(@)

(in

(an

A and J are in the same group. Explain why the second ionisation energy of
J Is lower than that of A. [11
J has an extra guantum shesll; the valence electrons are fugther away from
nugleus and less strongly attragted and thus a lower IE.

Explain why element A Is in Group 18. 1
Element D must be from Group 1 as it has the highest 2™ (E because the 2™
hell. Since A —- D are

consecutive elements, A must be in Group 16 .

Explaln the dip in second ionisation energy from A to B. [2]
‘The second lonisation of A involves tha removal of the singly-occupied 2p
glsciron while that In B involves the removal of a paired 2p electron.

Paired p electron experiences inter-electronic repulsion and hence require
lesser enargy to Temove it. )

PartnerinLsaming
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1 (b) The oxde of G is insoluble in water while its chloride reacts completely with
aqueous sodium hydroxide to give a resulting mixture which Is neutral.

U]

Write 2 equations to justify the formation of the resulting neutral mixture. [2]
GCl + 2 H;0 — GO, + 4 HCI

NaOH + HC/ — NaCl + H0

*Can represent G as Si

There fs ancther slement which forms an insoluble oxide.

m

(.

(V)

Identify this element. 1
F {symbol).or A
State the nature of the oxide of the element in (b){1l) and that of G. M

Oxide of element i (b)(Il): amphoteric

Oxide of G: acidic .o -
There are two unlabelled samples of white solids which could either be a
sample of the oxide of the etement in (b){il) or the oxide of G. Describe the
reactions you could carry out on the sollds to determine its identity. In your
answers, Include the reagents used for each test and describe the
observations. 21
| would dissolve both solids in two separate portions of aqueous nitric acid
(or any acid). The one which digsglyed to give a colourless solution will be
the oxide of F whila the one which stay undissolved will be the oxide of G.
OR
 would dissolve both sollds In two separate portlons of agusous/dilute
sodium hydroxide. The one which disgolved to give a colourless solution wilt
ba the axide of F while the one which stay undissolved will be the oxide of G.
[1

[Total: 10]

Synthetics polymers are macromolecules which have many uses. They are made from

monomers which combine togsther in polymerisation reactions.

In & chemical reaction, if all of the product molecules are useful, then the reactant
molecules is said to have a 100% atom economy where there is no waste to dispose of
and 8o no poliution from the products. If one or more of the product molecules are not
useful, the atom economy is less than 100% where there is waste to dispose of and the
process Is polluting. Reactions with 100% atom economy are less wasteful of resources.

PartnarinLearming
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2 {b) When choosing a polymer for a specific use, the properties of the polymer must be

considered carefully.

The table belaw shows propertias of 4 polymers labslled A to D.

polymer melting chemical strength rigidity
point/*C reactivity
A 200 low medium medium
] 500 high medium high
[ 1000 low high low
D Dacompose high high high
upoh heating

Stata which polymer would be the most suitable for making a bullet proof vest that
can withstand a bomb blast in a chemical warfare.

Explain your cholce by considering each of the 4 properties listed in the table
above. 41

c

Meiting point: High to withstand bomb blast

Chemica! Reactivity: To prevent chemical from reacting with the vest

Strength: High strength required to prevent the shrapnel from cutting through the

vast
Rigidity: Low rigldity so as to have a better fit when wearing the vast

[Total: 14]

3 Use of Data Booklet is refevant fo this question
Ethanol, CzHsOH, Is an important Industrial chemical and Is used as a solvent and a fuel.
A student used the apparatus shown below to find the enthalpy change of combustion of

athanol, AH{ethancl).

PartnerinLeaming
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Tha measurements recorded by the student are shown in Table 3.1.

Mass of Initlal Final Initial mass of | Final mass of
water/g | temperature | temperature spirit burner spirit bumer
of water /9C | of watar oC | and ethanol /g | and ethanol /g
200 27.6 59.5 113.25 112.22
Table 3.1
(@ (1) Define, with the aid of an equation, the term sfandard enthalpy change of
combustion of ethanol. [2]

m

Standard enthalpy change of combustion of ethanol is the ensergy
releasedichange when ons mole of ethanol is bumtireacted in excess
oxyqen under standard conditions of 298K and 1 bar.

CoHsOH (1) + 3 02 () — 2 CO2 (g) + 3IH0 (N

Using the data from Table 3.1, calculata a value for the enthalpy change of

.combustion_of ethanol, AH{ethanol}. Hence, calculate the efficiency of the

3 (@ a9

(v

heating process given that the theoretical value of the standard enthalpy
change of combustion of ethanol is — 1367 k.f mal'. 31
Mass of sthanol bumt = 113.26 - 112.22=1.03¢g
Amount of ethanol bumnt = 1.03 / 46 = 0.02239 mol
Q=meAT =200 x4.18 x (58.5 — 27.6) = 26668.4 J = 26.6684 kJ
Atg{sthanol) = (- 26,6684 / 0.02239)

=~ 1191.1 kJ mol~*

=— 1180 kJ mol' (3 5.f)
efficlency = (1191.11387) X 100% =871 %
Use the bond enargles given In the Data Bookiet to calculate ancther value
for the standard enthalpy change of combustion of ethanol. [2)
Bongs Broken: 5C-H, 1 C-C, 1 C-0,1 O-H, 30=0
Bonds Formed: 4 C=0 {COz), 6 O-H

AHe{ethanol) = [5(410)+(350)+(360)+{480)+3(498)]
— [4{805)+6(450)]
= 4708 - 5980 = -1272 kJ mat’

Suggest an explanation for the diffarence between the theoretical value and
your value in {a)(lil}). 1]
The bond energy values in the Data Booklet are average values

or

The heat change for the converslon of water from liquld to gaseous state Is
not considered in the calculation using bond energies. .

Partnerinl.eaming
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An aqueous solution of Fe™ is known to be acldic due to its high charge
density, simllar to AP*. Write an equation to Justify the acidity of an aqueous
solution of Fe®. ]
[Fe(H:0)P* + H0 == [Fa{H0)(OH)** + H:0*

With the ald of a labelled diagram, describe the structure and bonding In
jron. 121

n&enm-mmm electrong
° ° @‘n metal cations
Giant metatli ure with strong slectrostatic forces of effraction between
catfong and sea of delocali lectrons.

Metals are malleable bscause they can ba hammered or pressed Into
shapes without breaking the metallic bond. The hardness of lron Is enhanced
when carben atoms are added to Iron atoms in the lattice. With reference to
your answer in (b){l), explain how adding carbon atoms enhance the
hardness of iron in steel. 1]
Adding carbon stoms into the space betwsen the iron atoms in the (attice will
prevent the iron atoms from gliding over ea or oasily and hence do not

go out of shape easily.
(¢} Cations of some of the metals such as Fe and Cr can act as catalysts for specific
reactions.
(Y Define the term, catalyst. ' [11

of a chemical reaction with

Omﬁ_‘mn is a substance that jncreases th

PartnerinLearning
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4 (c) () With the ald of a sultable dlagram, explain how catalysts increase the rate of

reactions. 3
Uncatalysed
4 Fraction of molecules reaction
having energy E Number of
. Catalysed reaction
T Number of

molecules having

m._ Ea

_Energy

. > nwﬁ_ﬁ. oimﬁ Em Km”_mu mnmEK 9. m reaction by ﬂqwsg_:c an

giternative reaction pathway. There will be then an increase in the number of

which results in the frequency of
rate of the reactlon to increases.

llisions increases. This will cause the

[Total: 10]

& {a) Polystyrene (PS) is & type of polymer used to make foam box for food packaging
and has the following structure.

R A R

Draw the skeletal formula of the monomer and state Its IUPAC name.  [2]

AN

IUPAC name: phanylethene / benzene ethene

PartnerinLeaming
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14 15
{l}  Using experiment 1, calculate the value of the rate constant, stating its units.
21 Pradict all possible intermolacular forces which could exist between phosgene
129x 102 y molecules. Explain how these forces arise. 131
f = = i 10 Fdm?s1
Using experiment 1, k AL 1.28 x 10%® mot*dm , Thers is ins .

6 {b) A._E Using your answer In (b)), sketch a graph of 1 mol dm® carbon monoxide

against fime when chiorine is In excess. @ ’ oxygen than between carbon and chloring, phosgene has an o
[coy momeni OR is a polar malecule.

i In phosgene, the slactrons are constantly moving thus resulting in a temporary

uneven distribution of electrons |.e. instantaneous n__uoﬁ The instantaneous dipole
1 . attract/repel neighbouring ao_mn:_ow_ hence
(8) Phosgena reacts with methylamine to form methyl Isocyanate.

0.5 L--.2 COCh + CHsNHz ——— CH NGO + 2HC!
0.25 Draw the dot-and-cross diagram of methy! isocyanate given that it has two double
~ time bonds. M1
e e S H .+E
X x +, no -~
. +- ln—- z at ““O H
(c) The structure of phosgens is as shown below. H

__ 6 (f 2 4-diisocyanato-i-methylbenzene is used to make polyurethane foams. It can be

o a mads In the following three-step process.
Draw a labelied diagram to show how orbitals overlap to form a sigmea (o) bond and Compound A o
a pi () bond in the C=0 bond. [2]
NDy NCO
Cocl
a bond: head on everlap — .
m wWH@Sn&?.&oBa%an Step 1 Step 2 Step 3
accept both a_mu_.n—s”“ NM“ -
NOy NGO
pi bond: side on overiap between . (Il  Using the Information in {e), suggest the structural formula of A. 1]
orbital of O and obital of C. oH,
NHy

6 (d) Table 6.2 shows the electronegativity values of the atoms in phosgene.

Ny
Atom | Electronegativity / Pauling units

c 2.5
(o) 30
o) a5
Table 6.2
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7 () Fumaric acid (M. = 116) has been used as a food additive since 1948 In the EV, (e} Fumaric acld undergoes complete combustion to form carbon dioxide ges and

BP~659

USA, Australla and New Zealand. As afood additive, it is uzed as an acidity
regulator and can be denoted by the E number, E297. It Is generally used in
beverages and baking powders.

()  Anequimolar mixture of fumaric acld and hydregen fumarate lon Is an acidic
buffer. Write an equation to show how the buffer behaves as an acidity
regulator. m
HO:CCH=CHCQ;~+ H* — HO,CCH=CHCO,H

{i)  The ingredient label of a brand of baking powder has been found to contain
E297.

A 1g sample of baking powder is dissoived In 15 cm® of excess

0.0535 mol dm® sodium hydroxide. The Impurities in the baking powder are

insoluble and do not react with sedium hydroxide. The sciution fs filtered Into

& 250 om?® graduated flask. Delonised water is added so that the total volume

of the solution is 250 em®. This Is solution Z. 10 cm® of solution Z required

15,60 cm? of 0.001 moldm® sulfuric acid for complete neutralisation.

Calculate the percentage by mass of E297 In the sample of baking powder.
B3l

Moles of sulfuric acid = 1.56 x 105 mal

Since mole of sulfuric acid : NaOH=1:2

Moles of excess NaQH = 3,12 x 105 mal in 10cm?

Molas of excess NaOH = 7.8 x 10*mol in 250cm®

Moles of NeOH reactad with E297 = (15/1000 x 0.0535) - 7.8 % 10+

=8.0265x 10*-7.8x 10 =2.25 x 10 mol

Since mole of E297 : NaOH=1:2

Moles of £297 = 1.125 x 10°

Mass of E297 = 1.126 x 10%x 116 = 1.31 x 10 g

% by mass of E207 = (1.31 x 10/ 1) x 100% =0.131 %

7 (d) Predict and explain whether magnesium hydrogen fumarate or sodium hydrogen

fumarate has a higher melting point. [2]
Magnesium hydrogen fumarate has a magnesium cation with a larger charge and

smaller size than sodium cation in sodium hydrogen fumarate.
less exothermic

Hence, sodium hydrogen fumarate has a smaller ma
Iattica energy than magnesium hydrogen fumarate. Thus magnesium hydrogen
fumarate has a higher melting point

PartnerinLeaming
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water.

m Define the term standard enthalpy changs of formation of fumaric acld with
the ald of a balanced chemical equation. 11
4C(s) + 2Hz (g) + 202 ([g) —— HO,CCH=CHCO:H (s}

{l)  Relevant values of AH®% are given in Table 7.1.

Compound AH%/ kJ mol!
Fumaric acld - 81
Carbon dioxide -394
Water ~ 286
Table 7.1
Using relevant values from Table 7.1, calculate the standard enthalpy
change of combustion_of fumaric.acld.. . 121
Equation for the combustion of fumaric acid:

H H

HO.C—C=—C——CO.H (s} + 30;(g) ~—————» 4C0;(g) + 2HO ()
AHY, = [4(-394) + 2(-288)] — (-811) = - 1337 kJ mal!

{Total: 20]
-END OF PAPER-
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