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1 The properties of elements and their compounds show similarities, differences and trends
depending on the positions of the elements in the Periodic Table.

(&) The positions of some elements are shown.

Mg

Ga

Cs|Ba At

Fig. 1.1

(i) Using Fig. 1.1 identify the element that forms a soluble hydroxide and an insoluble
sulfate.

(i) Using Fig. 1.1 identify the most volatile element in a group that contains elements in all
three states of matter at room temperature and pressure.

(ilf) Using Fig. 1.1 identify the element that forms the largest cation.
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(b) Fig. 1.2 shows the relative first ionisation energies of six successive elements in the Periodic
Table.

The letters are not the symbols of the elements.

A

first
ionisation
energy

A B C D E F
element

Fig. 1.2

(i) Define first ionisation energy.
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(c) (i) OnFig. 1.3, sketch a graph to show the trend in the atomic radius of successive elements
in Period 3.

atomic radius
of the element

|

atomic number

Fig. 1.3
[1]

(i) Explain your answer to (c)(i).

[Total: 12]
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2 Carbon and silicon are elements in Group 14.

(@ (i) Describe in simple terms the structure of solid C,.

...................................................................................................................................... [2]
(if) Cg, sublimes (turns directly from solid to gas) at approximately 800 K.
Ceo(s) = Cgo(9)
Diamond also sublimes but only above 3800 K.
Cdiamond(s) - C(g)
Explain why C,, and diamond sublime at such different temperatures.
...................................................................................................................................... [4]

(b) Cg, forms hydrocarbons with similar chemical properties to those of alkenes. One such
hydrocarbon is Cg H, .

(i) Define hydrocarbon.
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(i) CgoH,g is an alkene.
State a test to indicate the presence of double bonds between carbon atoms in alkene
molecules.

(iii) State the observations seen when the test in (b)(ii) is carried out on an alkene.

(c) 0.144gof C,,is placed in a 100 cm? container of hydrogen gas at a temperature of 20 °C and
a pressure of 1.00 x 10° Pa.

The container is heated to make the C, and hydrogen gas react. The reaction occurs as
shown in the equation.

Ceols) + xH,(g) — CyoH, (S)

After the reaction, the container is allowed to cool to 20°C. The pressure decreases to
2.21 x 10" Pa. All of the C, has reacted.

(i) Name the type of reaction that occurs.

...................................................................................................................................... [1]
(i) Calculate the amount, in moles, of C, that reacts.
amount of Cyy = oo mol [1]
(iii)  Calculate the amount, in moles, of hydrogen gas that reacted with the C,.
Show your working.
amount of hydrogen gas = ......cccccceeeiriiiiiiiieieee e mol [3]
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(iv) Use your answers from (c)(ii) and (c)(iii) to deduce the molecular formula of the
hydrocarbon, CeoHox

(If you were unable to calculate the amount of hydrogen gas, assume that 0.00240 mol

of hydrogen gas reacts. This is not the correct value.)
Show your working.

molecular formula = ... [2]

(d) Silicon shows the same type of bonding and structure as diamond.
Silicon reacts with magnesium to form Mg,Si.

Solid Mg,Si reacts with dilute hydrochloric acid to form gaseous SiH, and a solution of
magnesium chloride.

(i) Construct an equation for this reaction. Include state symbols.

(if) Predict the shape of the SiH, molecule.

[Total: 19]
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3  Calcium and its compounds have a large variety of applications.
(a) Calcium metal reacts readily with most acids.
When calcium metal is placed in dilute sulfuric acid, it reacts vigorously at first.

After a short time, a layer of calcium sulfate forms on the calcium metal and the reaction
stops. Some of the calcium metal and dilute sulfuric acid remain unreacted.

Suggest an explanation for these observations.

(b) Calcium ethanedioate is formed when calcium reacts with ethanedioic acid, HOOCCOOH.
Calcium ethanedioate contains one cation and one anion.

(i) State the full electronic configuration of the cation in calcium ethanedioate.

...................................................................................................................................... [1]
(i) Deduce the charge on the cation.
...................................................................................................................................... [1]
(iii) Draw the fully displayed formula of ethanedioic acid.
[1]
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(c) Calcium chlorate(l), Ca(ClO)

9

-, IS used as an alternative to sodium chlorate(l), NaClO, in

some household products.

(i)

(i)

(iii)

© UCLES 2019

The chlorate(l) ion is formed when cold aqueous sodium hydroxide reacts with chlorine.

Write an ionic equation for this reaction. State symbols are not required.

The chlorate(l) ion is unstable and decomposes when heated as shown.
3CIO™ — 2CI™ + CIO;”
This reaction can be described as a disproportionation reaction.

Describe what is meant by disproportionation reaction.

Deduce the oxidation number of chlorine in each species for the equation in (c)(ii).
Complete the boxes.

3CIO™ — 2CI~ + CIO;

oxidation number of chlorine | +1

[1]
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(d) Calcium carbonate reacts with 2-hydroxypropanoic acid to form product Y.

2-hydroxypropanoic acid Y
(l)H
H3C—C|:—H Ca(CH,CH(OH)COO0),
COOH
Fig. 3.1
(i) Identify the two other products of the reaction of 2-hydroxypropanoic acid with calcium
carbonate.
...................................................................................................................................... [1]
Two possible methods of making 2-hydroxypropanoic acid are shown in Fig. 3.2.
Tl) OH
/C\ reaction 1 - H,C—C—H
H,C H | reaction 2
CN
(l)H
H,C—C—H
COOH
1" I / 2-hydroxypropanoic acid
H3C—C|3—H reaction 3 . /ll:\ reaction 4
H,C COOH
CH,OH
Fig. 3.2
(ii) State suitable reagents and conditions for reactions 1 and 3.
FEACTION L oo
1= 1o 10 ) 1
[4]
(iii) Deduce the type of reaction that occurs in reaction 2.
...................................................................................................................................... [1]
(iv) The reagent for reaction 4 is NaBH,.
Identify the role of NaBH, in this reaction.
...................................................................................................................................... [1]
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(v) 2-hydroxypropanoic acid has a chiral centre.

State what is meant by chiral centre.

[Total: 15]
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4  Areaction scheme involving cyclohexane is shown in Fig. 4.1.

Cl

reaction 1

Reaction 1 involves a free radical substitution mechanism.

reaction 2

\

Fig. 4.1

(a) State the essential condition required for reaction 1 to occur.

\

(b) Complete Table 4.1 to give details of the mechanism in reaction 1. Include curly arrows to

show the movement of electrons occurring in the termination step.

Table 4.1

name of step

eqguation

C1, — 2Cle

propagation O + Cle — O +
Cl
................................. O A U o
Cl
termination —_— O/

(c) Deduce the type of reaction that occurs in reaction 2.
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(d) Hex-3-ene is an isomer of cyclohexane. Hex-3-ene can be converted into propanoic acid.

reaction 3
hex-3-ene » propanoic acid

Deduce the reagents and conditions for reaction 3.

[Total: 9]
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5 Compound X contains atoms of carbon, hydrogen and oxygen only.

The mass spectrum of X is recorded. Information about the two peaks with m/e greater than 100
is shown in Fig. 5.1.

100

relative
abundance

6.5

T T
100 101 102 103
m/e
Fig. 5.1
(@) A molecule of X contains 6 carbon atoms.

Demonstrate that this is correct using information from Fig 5.1. Show your working.

[2]
(b) Suggest the molecular formula of X using information from Fig. 5.1.
.............................................................................................................................................. [1]
(c) Suggest the molecular formula of the fragment of X at m/e = 31.
.............................................................................................................................................. [1]
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(d) Fig 5.2 shows the infra-red spectrum of X.

transmittance / %

100

3500 3000 2500

2000 1500 1000 500

wavenumber/cm-1

Fig. 5.2
Table 5.1
bond | functional group containing the bond | characteristic infra-red absorption range
(in wavenumbers)/cm™

C-O | hydroxy, ester 1040-1300
C=C | aromatic compound, alkene 1500-1680
C=0 | amide 1640-1690
carbonyl, carboxyl 1670-1740
ester 1710-1750
C=N | nitrile 2200-2250
C—H | alkane 2850-3100
N-H | amine, amide 3300-3500
O-H | carboxyl 2500-3000
hydroxy 3200-3650

Identify the functional group present in X using your answer in (b) and information from
Fig. 5.2 and Table 5.1. Give a reason for your answer.

© UCLES 2019
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Important values, constants and standards

molar gas constant

R=8.31JK mol™?

Faraday constant

F =9.65 x 10* C mol™

Avogadro constant

L =6.022 x 102 mol™

electronic charge

e=-1.60x10"°C

molar volume of gas

V_=22.4dm>mol™" at s.t.p. (101 kPa and 273 K)
V_ =24.0 dm> mol™" at room conditions

ionic product of water

K,, = 1.00 x 10 mol”* dm™ (at 298 K (25 °C))

specific heat capacity of water

c=4.18kJkgtK* (4.18Jg K™D

© UCLES 2019
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