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Magnetite, FesO4, is an equimolar mixture of iron(ll) oxide, FeO, and iron(l1l) oxide, Fe>Os.

3.48 g of magnetite is dissolved in excess dilute sulfuric acid.

25.0 cm® of K>Cr.0+(aq) exactly oxidises the dissolved Fe?* present according to the equation.
Cr,0;% (aq) + 14H* (aq) + 6Fe?* (aq) — 2Cr®* (aq) + 7H.0 (l) + 6Fe®*" (aq)

What is the concentration, in mol dm=3, of the K,Cr,O-(aq) used?

A 001 B 0.05 Cc 0.10 D 0.20

What are the oxidation states of oxygen in the following compounds?

0, OF2 H20>
A -2 -1
B +2 -1
C -2 -2 -2
D -2 +2 -2

An acidified solution of the salt KCIO, oxidises Ti**(aq) to Ti"*(aq) while the chlorine is reduced
to Cl(ag). When 0.00245 mol of KCIO; reacted with 0.400 mol dm= Ti**(aq), 24.50 cm? of
Ti**(ag) was needed for complete reaction.

What is the value of n?

An ion X?* contains 24 protons.

What is the electronic configuration of X?*?

1s? 2s? 2p® 3s? 3p° 3d*

1s2 2s? 2p® 3s? 3p°® 3d? 4s?
1s? 2s? 2p® 3s? 3p°® 3d° 4s!?
1s2 2s? 2p® 3s? 3p°® 3d° 4s?

O 0O W >



The table gives the successive ionisation energies for an element G.
1st 2nd 3rd 4th 5th 6th
lonisation energy / kJ mol—? 750 1800 3700 5600 | 16000 | 20300

What is the formula of the chloride of G?

A GClI B GCl; C GCls D GCls

Which of the following pairs of molecules have the same shape?
A AICI; and PCl;

B SOz and BF3
C NH3 and BC|3
D SO, and CO;

Which of the following statements about graphite is incorrect?

A All the bond angles in it are 120°.

Each carbon atom is bonded to three other carbon atoms.

w

C It is able to conduct electricity due to the presence of delocalised electrons that are free
to move within each layer.

D It has low melting point due to the weak instantaneous dipole-induced dipole interactions
between the layers.

[Turn over
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The diagram shows the structure of part of a crystal of ice.
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Which statements about this structure are correct?

o 0O o >

The open structure of ice causes ice to be less dense than water.

The hydrogen bonds, shown by the dotted lines, are stronger than the O-H covalent
bonds.

All the bond angles surrounding each oxygen atom is 105°.

Four electrons from each oxygen are involved in forming hydrogen bonds.

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

The lattice energies of rubidium fluoride, RbF, and caesium chloride, CsCl, are —760 kJ mol

and —650 kJ mol™, respectively.

Which value is likely to be the lattice energy of caesium fluoride, CsF, in kJ mol™'?

A
B
C
D

-460 kJ mol™
-550 kJ mol™
-680 kJ mol™
—-800 kJ mol™



10 When equal masses of X and Y absorb the same amount of energy, their temperatures rise by
5 °C and 10 °C respectively.

Which of the following statements is correct?

The specific heat capacity of X is twice that of Y.
The specific heat capacity of X is half that of Y.
The specific heat capacity of X is one fifth that of .

o 0O o >

The specific heat capacity of X is the same as Y.

11

1 3
~1a(s) + 5 Clo(9) > ICLy(s)

1 3
5 [(9) + 2 Cly(9)
l2(g) + 3Cla(g) — 2 ICls(s) AH® = —214 kJ mol?
I2(s) — 12(9) AH® = +38 kJ mol

What is the standard enthalpy change of formation of iodine trichloride, ICl3(s)?

A +176 kI mol?
B  —-88kJmol?

C -176 kJmol™*
D -214kJ mol?

[Turn over



12  The graph shows the Maxwell-Boltzmann energy distribution curve for a given gas at a certain

temperature.

Proportion of molecules

v

Kinetic energy
How will the curve change if the temperature of the gas is increased, while other conditions

remain constant?

1 Maximum becomes higher
2 Graph shifted right
3 Areaunder the graph becomes larger

A 1 only
B 2 only
C 1 and 2 only
D 2 and 3 only



13

14

The dotted line represents the formation of oxygen, Oz (g), from the uncatalysed complete
decomposition of hydrogen peroxide, H.O; (aq).

Volume of oxygen / dm?

\4

Time /s

Which curve represents a catalysed reaction under the same conditions?
Ans: B

The equilibrium constant K. for the following reaction increases with temperature.
X(s)=Y(s)+Z(g)

What deduction can be made from this information?

The yield will increase at higher pressure.
The forward reaction is endothermic.

The value of K; depends on the amount of X used.

o 0O o >

The yield is independent of temperature.

[Turn over
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Ammonia is manufactured industrially by the Haber Process as shown.

N2(g) + 3H2(g) == 2NHs(g) AH<O

The operating conditions are:
400 to 450 °C; a pressure of 200 atm; an iron catalyst

Which of the following statements are true about the Haber process for the manufacture of

ammonia?

1 At higher temperatures, the yield goes down but the rate of production of ammonia is faster.
2 At higher pressures, the yield goes down but the rate of production of ammonia is faster.

3 The presence of a catalyst shifts the equilibrium position to the right and increases the yield.
A 1 only

B 2 only

C 1 and 2 only

D 1,2and 3

Which of the following is a Lewis acid but not a Brgnsted-Lowry acid?

1 CHsCOOH
2 AICly
3 HF

A 1 only B 2only C 1land2only D 2and3only
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18

19

Stomach juice has a pH of 1.0.

Aspirin is a monobasic acid represented by HX (K. = 10* mol dm) which dissociates into ions

of H" and X~.

What are the relative concentrations of H*, X~ and HX when an aspirin tablet is ingested and

enters into the stomach?

[HX] > [HT =[X]
[H]> [X7] > [HX]
[H]=[XT>[HX]
[H]> [HX] > [X7]

o 0O W >

Which of the following could act as buffers?

1 A 1:2 mixture of HCI and NH3
A 2:1 mixture of NaOH and H.CO3
A 1:1 mixture of NaH>PO4 and Na;HPO4

A 1,2and 3

B 1 and 2 only
C 1 and 3 only
D 3 only

Which of the following oxides will dissolve in water to give the solution with the lowest pH?

A A|203 B MgO C P4010 D SIOz

[Turn over
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Which of the following statements concerning the third period elements (sodium to sulfur) and
their compounds is correct?
The elements become more electronegative from sodium to chlorine.
Aluminium oxide is the only oxide in Period 3 which is amphoteric.
pH of the chlorides increases across the Period 3 elements.
A 2 only
B 1 and 2 only
C 1 and 3 only
D 2 and 3 only
The graphs below show the variation in two properties of the elements Na to S.
Graph 1 Graph 2
0 T T T T T 0= T T T T T
Na Mg Al Si P S Na Mg Al Si P S
Which properties are illustrated in Graphs 1 and 2?
Graph 1 Graph 2
A atomic radius first ionisation energy
B atomic radius melting point
C electrical conductivity first ionisation energy
D electrical conductivity melting point
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11

What is the IUPAC name of the following molecule?

Br

CH3CHCHCHz3
CH2CHs
2-bromo-3-ethylbutane

3-methyl-4-bromopentane

2-ethyl-3-bromobutane

o 0O W >

2-bromo-3-methylpentane

Which of the following isomers of CsHi11OH gives, on dehydration, the greatest number of

different alkenes (including cis-trans isomers)?
A
OH
B \/Y
OH
D NN

OH

Methyl ethanoate is prepared by heating a mixture of ethanoic acid, methanol and concentrated

sulfuric acid under reflux. Why is concentrated sulfuric acid used?

To keep the pH of the solution low
To maintain a high temperature

To prevent charring of the reaction mixture

0O wm >

To provide hydrogen ions to catalyse the reaction
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The diagram shows a reaction scheme involving 2-chlorobutane, CHz;CHCICH,CHs.

P R
C,H,y ———» CHZCHCICH,CH; ———» C,H,,0
la
C,Hs

Which of the following statements is incorrect?

Reactions P and R are substitution reactions.
Reaction Q is a reduction reaction.

The product formed from reaction R decolourises purple KMnO,.

o 0O o >

Sodium hydroxide is a reagent used in both reactions Q and R.

Which of the following alcohols can be formed when a ketone is reduced with NaBH4 dissolved
in methanol?

A /\(\\
OH
B /\)Oi
) /\(TH\
0 /\TH/\
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Polyglactin is a polymer that is used to stitch wounds together during surgery. It is broken down

into smaller molecules over three to six months. Patients, therefore, do not have to undergo a
second surgery to remove the stitches.

Polyglactin

Which of the following statements explain polyglactin’s suitability for this function?

1 Polyglactin can be hydrolysed in the body.

2 Polyglactin is a thermoplastic.

3 The small monomers produced upon hydrolysis are water-soluble.
A 1,2and 3

B 1 and 2 only

C 1 and 3 only

D 3 only

The diagram shows a repeat unit of a polymer.

CH CH; CH, CH

CeHs

What are the monomers for this polymer?

CsHsCH3 and CH3CH2CHs
CsHsCH=CH; and CH,=CH,
CsHs and CH,CH=CHCHjs
CeHsCH=CH, and CH3CHs

o 0O o >
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The structure shows part of the Kevlar polymer.

10 ; @E_E

Which of the following correctly describes Kevlar?

type of polymer reaction of polymer with strong acid
A addition hydrolysis
B addition no reaction
C condensation hydrolysis
D condensation no reaction

What is the maximum size, in at least one dimension, of a nanomaterial?

A 1x10%m B 1x10°m C 1x10°%m D 1x107'm

END OF PAPER 1
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