3.2 Use of Amount of Substance on Pure Substances (H)

Questions are for both separate science and combined science students unless indicated
in the question

Q1.
This question is about iron.
(a) lronis a metal.

Describe how iron conducts thermal energy.
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(b) Pureiron is too soft for many uses.

Explain why mixing iron with other metals makes alloys which are harder than pure
iron.

)
(c) When iron reacts with chlorine, 0.12 mol of iron reacts with 0.18 mol of chlorine (Cly).

Which is the correct equation for the reaction? (HT only)

Tick (v') one box.

Fe L,
0-12 0-1%

0-12 0-1%
2 Fe + Clz — 2 FeCl 0-12 0-12

2 Fe + 3 Cl, — 2 FeCls yd | -5

Fe + Cl — FeCl,

Fe + 3 Cl. — FeCls

(1)
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3.2 Use of Amount of Substance on Pure Substances (H)

The most common oxides of iron are Fe2Os and FesO4

(d) What is the ratio of the numbers of ions in Fe3047?

Tick (v') one box.

2 Fezt

1 Fe

3 Fe?*

3 Fed*

(e) Calculate the percentage (%) by mass of iron in Fe3O4

11 Fe3:4 02

12 Fe’:4 0%

14 0%

14 0z

Relative atomic masses (Ar): 0=16

0, (€,0) =

(2x56) + (4= 16)

gk day = 4x0
=9

Tolal Posibve - 49
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Mew of € = (3x56) = 16% 4 mol”
To fe = 168 . 100
232
= 24y

Percentage by mass of iron = 72 Ll’ %
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3.2 Use of Amount of Substance on Pure Substances (H)

(f)

Fe20s reacts with carbon to produce carbon dioxide.
The equation for the reaction is:
2 Fe20s(s) + 3 C(s) — 4 Fe(s) + 3 CO2(g)
2 %

Calculate the volume of carbon dioxide gas at room temperature and pressure that
is produced from 40.0 kg of Fe2Os using excess carbon. (chemistry only) (HT only)

Relative formula mass (M:):  FezOs = 160
The volume of 1 mole of any gas at room temperature and pressure is 24 dm3.
Anwk o €0, = 40Oky = 40000,
o (,0,) 40000, = 250 ad
160 4 mol”’
260, oodums 2 md (O,
n (CO_\\ = 250 md * 3 = 375 mol

2
. (0, 275 mol % 24 dut mol”

1000 dﬂa\a

1

"

Volume of carbon dioxide = 4000 dm?3

(5)
(Total 15 marks)



3.2 Use of Amount of Substance on Pure Substances (H)

Q2.

This question is about different forms of carbon.

Figure 1 represents the structure of diamond.
Figure 1 e

K
Oeéarbon atom COVGM 60@0\

(a) Describe the structure and bonding of diamond.
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(b) Explain why diamond has a very high melting point.
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3.2 Use of Amount of Substance on Pure Substances (H)

Figure 2 represents the molecule Cro

Figure 2

(c) What is the name of this type of molecule?

Tick (v') one box.

Fullerene v

Graphene

Nanotube

Polymer

(1)
(d) Molecules such as Cr can be used in medicine to move drugs around the body.

Suggest one reason why the Cz molecule is suitable for this use.
C S 05 0 Cs bha
‘ocrls. It 5 ole  cneaskivo “oud  aenLexic.
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3.2 Use of Amount of Substance on Pure Substances (H)

(e)

Calculate the number of C7o molecules that can be made from one mole of carbon
atoms. (HT only)

The Avogadro constant = 6.02 x 1023 per mole

Musoec o) C abows o 1 mde

Nuwoec of C alows o 1 Gy

i

£.02% 10" akoms
70 ohowms

Numoec of Cop mosalts = 6.02%10° ohous
Cigd: con Yo weds

70 olgms

= %6 % \02\

A\
Number of molecules = ?)6 X \O

3)
(Total 11 marks)



3.2 Use of Amount of Substance on Pure Substances (H)

Q3.

This question is about silicon and compounds of silicon.

(@)

(b)

The reactivity series sometimes includes non-metals such as carbon, hydrogen and
silicon.

Silicon can be extracted by reducing silicon dioxide with different substances.
The equation for one possible reaction is:
2 C(s) + SiOz(s) — Si(s) + 2 CO(g)

Explain what this reaction shows about the position of silicon in the reactivity series.

(atbon disgass, Sdlicmn o Si0,
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(2)

Aluminium also reduces silicon dioxide.

Carbon is used rather than aluminium to reduce silicon dioxide because carbon is
cheaper than aluminium.

Carbon can be obtained by heating coal.
Aluminium is obtained from aluminium oxide.

Explain why aluminium is more expensive than carbon.
A Numinion cerde ‘03

duobaligs
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(2)

Magnesium also reduces silicon dioxide.

The equation for the reaction is:

(c)

2 Mg(s) + SiOz(s) — Si(s) + 2 MgO(s)

Give one reason why the products are difficult to separate if magnesium is used to
reduce silicon dioxide.

Bdh oaduds (¢ wd M0} ase =did.

(1)



3.2 Use of Amount of Substance on Pure Substances (H)

2 Mg(s) + SiOz(s) — Si(s) + 2 MgO(s)

2 )

Calculate the minimum mass in grams of magnesium needed to completely reduce
1.2 kg of silicon dioxide. (HT only)

(d)

Relative atomic masses (A): O=16 Mg=24 Si=28
M (%0) =28+ (2%16) = CO gqd
Qmoatk Si0, = 1-:2 by = 1200,
a(%:0,) = 1200, = 20 ml
6O a mol”™’
N\ N { ‘ 9&02

NON\O\ Nﬁ = 0md x2 = &0 g\o(
Nass “5 f ;l—gom\ x Al 4 ol
- (4]

Minimum mass of magnesium = qGO g
(5

Si2Hs is a covalent compound of silicon and hydrogen.

(e) Complete the figure below to show the outer shell electrons in a molecule of SizHs

S

:

(1)



3.2 Use of Amount of Substance on Pure Substances (H)

(f)

Si2Hs reacts with oxygen.
The equation for the reaction is:
2 Si2Hs(g) + 7 O2(g) — 4 SiO2(s) + 6 H20(g)
2 7 6

30 cm? of SizHs is reacted with 150 cm? (an excess) of oxygen.

Calculate the total volume of gases present after the reaction. (chemistry only) (HT
only)

All volumes of gases are measured at the same temperature and pressure.
3
| 0d o3 ob BTF = Qb dw
. 3
\olams d Staue wed = 20 m

Vbt of Oy nwded = 30% 7 = (05 o
Vol comy o\ O‘gl (d,kosld = 150-105 = 45 up
Voo o) W0cyy produd = 20% = = 90 ow’
%md:qm pievent = k5 +90 = \235 i

T d

Qj'lk_(fﬂd‘.&bﬂ ‘ (Og. + 1,0)

Volume of gases = ‘55 cmsd

(4)
(Total 15 marks)



