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Us Examine
Answer all the questions. { F| e

1) How are the cheug
spectrometer?

1 Lithium was discovered in 1817 by the Swadish chemist Arfvedson. Lithium exists naturally
as a mixture of Isotopes.

(a) Explain the term isotopes.

(b} Which isotope is used as the standard against which relative atomic masses are D U TS OSSOy, SO
measured?

{e) The first ionlsation energy of lithium is +520 kd mol~!,

{¢) The mass spectrum below shows the isotopes present in a sample of lithium.
{) Define the term first ionisation energy.

100
80
60
% composition st e
20 ' (i) The first ionisation energy of sodium is +496 kJ mol™,
O T f ' e Explain why the first ionisation energy of sodium is less than that of lithium. Your
0 5 10 15 answer should compare the atomic structures of each element.

relative isotopic mass

{) Use this mass specirum to help you complete the table below for each lithium
isotope in the sample.

- number 0{ ............ TR P T TP P P T T PO L PR PRI PYI T
isotope percertage compositian
protons neutrons
6L
o e U PURURRPRRON I |
8
‘ [Total : 15
(i) Calculate the relative atomic mass of this lithium sample. Your answer should be
given to three significant figures.
[2 !
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2 Electrons are arranged in energy levels. The diagram below for the 7 electrons in a nitrogen
atom is incomplete. it shows two electrons in the 1s level.

[ |

energy

s [y

(a) Complete the diagram for the 7.electrons in a nitrogen atom by

() adding latels for the other sub-shell levels, 1

(ii) showing how the electrons are arranged. 2

(b} Magnesium reacts with nitrogen forming magnesium nitride, which is an ionic
gcompound.

() Complete the slectronic configuration for the 12 electrons in a magnesium atom,
() What is the charge on each ion in magnesium nitride?

magnesium jon ...

FHEHB O oteiirincesiiosstssssnssnsescanaenessrssestanes sant aovm sesanpete s ess beueste e sanistssres i sansssssse [ O]
{lliy Complete the electronic configuration of sach ion in magnesium nitride.

MAGRBSIUM 0N 187 et s s s smress st

nitride ion 182 ereremsresresensetsvesemems e rabanansestrssssee s s e sre e e semesnensmnneneseserers )

(iv) Deduce the formula of magnesium nitride.

]

2811 Jan!
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(¢) Magnesium reacts with carbon dioxide forming a mixture of magnesium oxide, MgO, e
and carbon,
() Write an equation, with state symbols, for this reaction.
2]
(i} When water Is added to the mixiure containing magnesium oxlde, some of the
magnesium oxide reacts to form a solution of magnesium hydroxide.
MgO{s) + H,O() — Mg{OH),(aq)
Predict the pH of this solution.
<1
[Total : 12]
2811 Jangt [Tum over
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3 Calcium carbonate is added to an excess of hydrochloric acid.
CaCO,(s) + 2HClag) — CaCly(aq) + CO,(@) + H0M
{a) Deduce two observations that you would expect to see during this reaction,
OBSEIVEIION T .orveecerereeeesastrsnsisssssen susssiressses sribs s iasssssassssss sasssbe s ssssss et mn anrssanensanssarasmssasnseseass
observatfon 2 [2]
(b} !n this experiment, 0.040g GaCQ, is added to 25 cm? of 0.050maldm™2 HCL

(i} Explain what is meant by 0.050 mol dm-® HCL

(liy Calculate how many moles of CaCO, were used in this experiment.

{2]

(i) Calculate how many moles of HCI are required to react with this amount of GaGC,.

1]
{lv) Hence show that the HCl is in excess.
(1
{c) State one large-scale use of a named Group 2 compound that is being used to reduce
acidity.
...................................................................................................................................... [1]
[Total - 9]

2011 Jan01
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4 Water is the most abundant compound on Earth. Much of the chemistry of water is e
influenced by its polarity and its ability to form hydrogen bonds.
{a) Polarity can be explained in terms of electronegativity.
(I} Explain the term electronegativity.
(il) Why are water molecules polar?
w1
{b) The polarity of water molecules results in the formation of hydrogen bonds.
() Draw a diagram to show hydrogen bonding between two molecules of water. Your
diagram must include dipales and lone pairs of electrons.
4]
(iiy State the bond angle in a water molecule.
1]
(c) Siate and explalin two properties of ice that are a direct result of hydrogen bonding.
DPIODEIIY ..ot nbesssssmsssssinaes
L= e =TT 0 o T O O
property ......
OXDIANIAUON ©vvevrirasereeseeasaereseemsessansssstsssessteses anmeevasasnasessas dneassnsebeestsseesbadabesi veebessastvusesnne dsie
..14]
[Total : 12}
2011 Jano [Turn over
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5 Well over 2 000 000 tonnes of sulphuric acid, H,SO,, are produced in the UK each year. (¢} The concentration of the sulphuric acid can be checked by fitration. A sample of the |
This is used in the manufacture of many important materials such as paints, fertilisers, sulphuric acid was analysed as follows.

detergents, plastics, dyestuffs and fibras. o ‘
= 10.0cm3 of sulphuric acld was diluied with water to make 1.00 dm?® of solution,

The sulphuric acid 1s prepared from sulphur in a 3 stage process. » The diluted sulphuric acid was then titrated with aqueous sodium hydroxide, NaOH.
H,50,{aq) + 2NaOH(zq) — Na,50,(ag) + 2H,0(
Stage 1: 25, {aq) ,50,(ag) L,0())

The sulphur is burnt in oxygen to produce sulphur dioxide, * In the fitration, 25.0cm® of 0.100moldm™ aqueous sodium hydroxide required
S + 0, —» S0, 20.0cm? of the diluted sulphuric acid for neutralisation.

{i} Calculate how many moles ot NaOH were used.

Stage 2:
The sulphur dioxide reacts with more oxygen using  catalyst to form sulphur trioxide.
250, + 0, —> 250,

Stage 3:
The sulphur trioxide is dissolved in concentrated sulphuric acid to form ‘oleur’, H,S,0,,
which is then diluted in water to preduce sulphuric acid.

k)|

(a) 100 tonnes of sulphur dhoxide were reacted with oxygen in stage 2.

. i (i} Calculate the concentration, in mal dm™2, of the diluted sulphuric acid, H,50,.
Assuming that the reaction was complete, calculate

{i) how many meles of sulphur dioxide were reacted;
M,: 80, 64.1. [1 tonne = 1 x108g)

2

(iii) Calculate the concentration, in moldm™3, of the original sulphuric acid sent for
1 analysis,

{il} the mass of sulphur trioxide that formed.
M: sQ,, 8.1

(11

[Total ; 7]
{1]

(b) Construct a balanced equation far the formation of sulphuric acid from oleum.

......... SRR OTOPIORIN £ )
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6 The atomic radii of the elements Li to F and Na to Cl are shown in the table below.

element Li Be B C N 0 F
atomic radius/nm | 0,134 0.125 0.080 0.077 D.075 0.073 0.071

element Na Mg Al Si P s Cl
atomic radius/nm | 0,154 0.145 0.130 0.118 0.110 0.102 0,098

(a) Using only the elements in this table, select

{i) an element with hoth metallic and non-metallic properties,

1]

(li) the element with the largest first ionisation energy,

1]

(iil) an element with a giant molecular structure.

SOURPNON | ||

{b)} Explain what causes the general decrease in atomic radii across each period?

{c) Predict and explain whether a sodium fon is larger, smafler or the same size a5 a

sodium atom.

2811 Jand

[Total : 9]

i Exa;?rne\
7  Chiorine and its compounds have many uses. Chlorine bleach is used to kill bacteria. e
(a) Chlorine bleach is made by the reaction of chlorine with aqueous sodium hydroxide.
GL(a) + 2NaOH(aq) — NaClO(aq) + NaCi(aqg) + H,O)
() Determine the oxidation number of chlorine in
L& P bR C e oS ee et SRR AL RSN RTA SRR PRSP
V= ] | O ST
NBCT .o ceeresereeesssrtsesresanssrssssssesssses seeas sessemsasepasere e arsaes secsesset st coersbesied seRs RS0t eRusRR R 131
(i) The actual bleaching agent is the CIO™ ion. In the presence of sunlight, this ioh
decomposes 1o release oxygen gas.
Construct an equation for this reaction.
............................................................................................................................... 11
(b) The sea contains a low concentration of bromide ions. Bromine ean be extracted from sea
water by first concentrating the sea water and then bubbling chlorine through this solution.
{I} The chlorine oxidises bromids ions to bromine.
Consiruct a balanced ionic equalion for this reaction.
...... . I
(i) Suggest how bromine could be removed from the sea water after this oxidation.
reemmemarn e e enr et 1]
(&) Phosgene is a compound of chiorine, carbon and oxygen, used to make polyurethanes
g}l?):g:r?é has the percentage composition by mass: Cl, 71.7%; C, 12.1%; O, 16.2%.
() Show that the empirical formula of phosgene is Ci,CO.
K
() The molecular formuta of phosgene is the same as its emplrical formula, 3
Draw a possible structure, including bend angles, for a molecule of phosgene. I
[@
[Total : 10]
2911 Janot [Turn over

1506



12
In the following question, 2 marks are available for the quality of wrilten cormmunication.
You should use diagrams to iliustrate your answer.
B  Sodium reacts with chlorine forming sedium cﬁloride.
(a) Describe the bonding in Na, CL, and NaCL {8l
(b) Relate the physical properties of Cl, and NaCt to their struciure and bonding, [8]

[Total : 16)

2011 Jana)

1

(a) State what is meant by

@) an jonic bond,

(i) a covalent bond.

2

Answer all guestions.

1]

2]

(b) Draw 'dot-and-cross’ diagrams to show the bonding in sodium chlonde and hydrogen

chlonda. You should show outer electron shells only.

sodium chtoride

hydregen chloride

[3]
(c) (i) State whatis meant by an orbital.
w1
(i) Draw diagrams to show the shape of an s orbital and of a p orbial.
s orhital - p orbital
2

2811 801
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{lil Complete the table below to show how many electrons completely fill sach of the

following

number of electrons

a p orhital

a d sub-shell

the third shell (n=3}

2411 801

3]
[Total: 12]
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2 The table below shows the bolling polnts of the elements sodium to chlorine in Period 3 of

the Pericdic Table.

element Na Mg Al Si P S Cl
beiling point/°C 883 1107 2467 2355 280 445 -35

bonding

structure

fa) () Complete the bonding row of the table using

+ M for rmetallic bonding,
+ Cfor covalent bonding. [

(i) Complete the structure row of the table using

+ Sfor a simple molecular structure,
» G for a giant structure. i1

{b} State what is meant by metallic bonding. You should draw a diagram as part of your
answer.

03]
(c) Explain, in terms of their structure and bonding. why the boiling point of
{§ phosphorus is much lower than that of silicon,
........................................................................................... [2]
(f) alummium is much higher than that of magnesium.
............................................................................................................................... [2]
[Total ; 9]

2811 501
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3 Hydrogen chloride, HCL, is a colourless gas which dissclves very readily in water forming 4  Sulphur and sulphur compounds are common in the environment. use
hydrochlaric acid. [1 mo! of gas molecules occupy 24.0dm® at room ternperature and pressure
rt.p. (a) A sample of sulphur from a volcano contained 88.0% by mass of 25 and 12.0% by
mass of 34S. :
{a) Atroom temperature ang pressure, 1.00 dm3 of water dissolved 432 dm? of hydragen chlands :
gas. (i} Complete the table balow to show the atomic structure of each isotope of sulphur.
(i How many moles of hydrogen chlaride dissolved in the water? mumbar af :
isotope
protens neutrons electrons
a2g
] a4g
{ii) The hydrachloric acid formed has a volume of 1.40dm?. What is the concentration, in 12
mol dm-3, of the hydrochloric acid? ) ‘
(i) Define the term rsfative atomic mass.
)]
() Insoluton. the molecules of hydrogen chlorids ionise,
HCIfag) — HY@Q) + CIT(BO) e L e 3 :
Dascribe a simple test to confirm the presence of chloride ions. (i) Calculate the relative atomic mass of the volcanic sulphur. Your answer should be
given to three significant figures.
............................................................................................................................................... i2]
{c) Hydrochloric acid reacts with magnesium oxide, MgQ, and magnesium carbonate, MgCQ,, ‘ 2

For each reaction, state what you would see and write a balanced equation.
i Mg0
Lo L= gV 7o s TP

e L )£ O SO OUO SO [2]
(i) MgCO,

OBDBEIVALION oo ecte it eeeeis s et snste aeesests s snesnar s eanns e rasbann rmdenms Sam e e S b Ee oo e s s et bme st et e saaen

L= 7 11 o ¢ P TS TSP TP -2

[Total - 8
. -
2811 801 [Turn over 2611 £07



7
{b) PRotten eggs smell of hydrogen sulphide, H,S, which is a poisonous gas.

A ‘dot-and-crass' diagram, showing outer shell electrons only, of a hydrogen sulphide

molecule is shown below.
(H s i

Draw a diagram to show the fikely shape and bond angle of a hydrogen sulphide
molecule. Explain how you have made your choice.

BXPIANATON .cvcunenisrersesssssesmansmenerravn cvemsoob i e shessase s s e bbb s et ne s LR g SRR R R

-[3]

(¢} Every year, betwesn 20 and 50 million tonnes of sulphur are released intc the

atmasphere fram the oceans in the form of DMS, a compound of ¢arbon, hydrogen and
sulphur. DMS causes the bracing feelng by the sea.

DMS has the percentage composition by mass of G- 38.6%; H: 9.7%; §: 51.7%.

Calculate the empirical formula of DMS.

@]

[Total : 12]

[
2811 801
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5

The reaction between barium and water is a redox reaction.

Ba(s) + 2H,0(} ——= Ba(OH),(aq) + H,lg)
{a) Explain, in terms of electrons, what is meant by

(i} oxidation,

(1]
() reduction.
1]
(b} Which element has been oxidised in this reaction? Deduce the change in its oxidation
state.
LT = = PSP,
oxidation state changes fFrom .......ccrevnonenees o OO [2}

{c) A student reacted 2.74g of barium with water to form 250cm® of agueous harium
hydroxide.

Pl
(i} Calculate how many moles of Ba reacted.

(1

(i) Calculate the volume of H, that would be produced at room temperature and
pressure (r.t.p.). [1 mol of gas molecules occupies 24.0 dm? atr.t.p.]

(1l

(iii) Calculate the concentration, in mol dm-3, of Ba({OH), that was formed.

[1]

(iv) The solution of barium hydroxide is alkaline. Identify a compound that could be

added to neutralise this salution and write a balanced equation for the reaction that
would take place.

L= Te 17117 SO -4

2811 501
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(d) The Group 2 elsments react more vigorously with water as the group is descended.
This can be explained in part by using icnisalion energies.

{iy Define the term first fonisation energy.

.[3]

(i} Explain, in terms of ionisation energies, why the Group 2 elements become more
reactive as the group Is descended.

[Total : 18]

For
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€ The boiling points of water, hydrogen chioride and argon are shown in Table 7.1 below.

Table 7.1
substance H,O HC! Ar
boiling point/°C 100 -85 —186
t;JtaI number of electrans 10 18 18

{(8) H,0, HCI and Ar all have van der Waals’ forces.

Qutline how van der Waals' forces arise between molecules,

...................................................................................................................................... [2]
(&) Liguid H,0 has addibonal intermolecular forces.
(i) What are these forces?
-1
(i) Explain, with the aid of a diagram, how these forces arise hetween molecules of
HOfN.
-..[5]

2811 501
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(c) Liquid HCI also has additional intermolecular forces. What are these forces? e
-1
{d)} Explain the variation in boiling points shown in Table 7.1.
[Total ; 111
2811801 [Turn over
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7  The bonas in an adult human skeleton have a mass of approximately 9kg. Of this, 1kg is
calcium.

{a) The calcium in bones is present as calcium ions, Ca2*.
Complete the electronic configurations of the following.
acalciumatom: 157 s
& calcjum ion: PO 2

(6) Calculate the approximate number of calcium ions in an adult human skeleton.
[The Avogadro constart, L = 6x10% mol1.]

i2]

{€) Suggest why calcium atoms are not present in a human skeleton.

il

{d) The calcium in bones can be assumed to be present as calcium phosphate. A
phosphate ion has the formula PO~

{i) What s the formula of calcium phosphate?

(1]

(i) Estimate the percentage, by mass, of calcium phosphate in an adult human
skeleton.

[3)

[Total ; 9]

2811 801
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B Compare and explain the elecirical conductivity of sodium chloride, diamond and graphite. In
your answer, you should consider the structure and bonding of each of these matenals.

In this question, 2 marks are available for the quality of writlen communication.

[Total ; 13]

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

2811 601 [Turn over

For 2
Examiner'

Use Answer all questions

1 This question refers to calsium chloride, made up of Ca?* and CI~ions.

(a) Complete the table below.

number of
specles
protons | electrons
Ca?+ )
cl-

12]
(b) Complete the electronic configuration of Ca2+,

{c) (i) What is the formula of calcium chloride?

(i) Using outer electron shells only, draw a ‘dot-and-cross' diagram of ealcium chioride.

[
(fii) How is a solid structure of ealcium chilaride held logether?
1]

(d) When an electric current is passed through aqueous calcium chloride, chloring gas is
released. The overail equation for the reaction taking place is shown below.

CaCL{aq) + 2H,0(l} — Ca(OH),{aq) + H,y(g) + CL(g)
(i} Predict what would happen to the pH of the solution. Explain your answer.

en[2]

{ii) Explain why an aqueous solution of caleium chloride conducts electricity whereas
solid calcium chloride does not.

2011 Jan02
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(&} 72em? of chlorine gas were collected and shaken with water.
The following reaction takes place.
ClLy(a) + H00) — HGIO(aq) + HCKaq)

{i) Determine the oxidation number of chlorine in

(ii) How many moles of CL, were collested?

[Under the conditions used, 1 mol of gas molecules occupies 24 dm?]

ANSWET worervcircienenirnmnsesnensseens [ 1]

{iil) State a widespread use for this reaction.

[Total : 18]
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2  The first ionisation energies of the elements Na to K are represented in Fig. 2.1 below.

2000

. 1800
g 1600
§. 1400
'5 E 1200
‘g’ 3 1000
'g ~ 800
= 600
2 400
200

0 -

Si
Fig. 2.1

{a) Define the term first ionisation energy.

......... O OO |1
(b) Explain why

{i) the firstionisation energies show an overall increase from Na to Ar;

.................................................................................... 3]
(ii) the first ionisation energy of Alis less than that of Mg.
............................................................................................................................... [2]
(c) Explain the difference between the first ionisation energies of Ar and K,
wee[3]

2811 Jancz




{d) Hofer to Fig. 2.1 to answer this question.
Estimate a value for the first icnisation energy of Na,
First ionisation energy of Ne = ..o kJ mal-1 1]

{e) Write the equation, including state symbols, for the change that accompanies the third
lonisation energy of aluminium.

2]
[Total : 14]

For
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6

The formation of magnesium oxide, MgQO, from its elements Involves both oxidation and
reduction in a redox reaction.

(a) (i} Whatis meant by the terms oxidation and reduction?

[0 a =1 o) T 0 TR

(i} Write a full equation, including state symbols, for the formation of MgQ from its
slements.

................................................... R -

{iii) Write half equations for the oxidation and reduction processes that take place in
this reaction.

Lo =4 O

reguction ..o
(b) MgO reacts when heated with acids such as nitric acid, HNO,.
MgQ(s) + 2HNO,(aq) — Mg{NO,),{aq) + HyO(l)

A student added MgQ to 25.0 cm? of a warm solution of 2.00 mol dm2HNO, until all the
acid had reacted.

(i) How would the student have known that the reaction was complete?

{iiy Calculate how many molss of HNO, were used.

ANSWET wveververrvrrerrnenenennMOlES 1]

(iii} Deduce how many moles of MgQ reacted with this amount of HNO.,,.

ANSWET ......icaurrenrinimsnnnd moles [1]

2811 Jand2
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Exeminer's EXxam.
U I
(iv) Calculate what mass of MgO reacted with this amount of HNO,. “ 4 The compounds NH; BF, and HI all have covalent bonding and simple molecular .
structures. The Pauling electronegativity values shown in Table 4.1 below can be used to
[A: Mg, 24.3; 0, 16.0] - predict polarity in these compounds.
Give your answer to three significant figures. H
2.1
G N 10 F
1.0 3.0 3.5 4.0 !
ANSWET rvoreveecenreesesenescasinannns [3] Na T o
(v) Using oxidation numbers, explain whether the reaction between MgQ and HNO, is 0}'(9 GRS (N : 5';0
a redox reaction. \ R r
08 | o lel ] 28
............................................................................................. A PR C R 7 S T2 T M B |
' S R MRS S DT i L
................................................................................................................................... Table 4.1
""""" ' (a) Explain the tarm elecironegalivily. 35
""[2] ---------------------
{c) MgChasavery highmeling POINL. L e R L AR TR
Explain this property of MgO. eeeeR et sent oot b treaptee SRR Eee AR SRS PR ks s e ARttt bmaa ranpe b nert s cnensns | 2]
................. (k) The electronegativity values in Table 4.1 can be used to predict the polarity of a bond.
.......................................................................................................................................... In the boxes below, show the polarity of each bond by adding &+ or 5~ to each bend.
2] The first box has been completed for you.

[Total : 16}
O-Hé+ H=N F-B H

2]

{¢) Using outer electron sheils only, draw ‘dot-and-cross' diagrams for motecules of NH,
and BF,.

NH, BF,

12]

2611 Jano2 [Turn over 2011 Jantz




g For

|Exarming 10 Exa;c;
. Use E
(d) The diagrams below show the shapes of molecules of NHg and BF5. 5 Inthe UK, over 60 million tonnes of limestone are quartied each year. Much of this limestone e
In the spaces below each diagram, state the bond angle in sach molectile and state the is used to produce cement. The main chemical in imestone is calcium carbonate, GaCO,.
name of each shape. {a) Complete the flow-chart below for reactions starting from calclum carbonate. You
should identify each of the substances A—F by name or formula.
F
/ , heat
H H B " CaCO,— > » +
F
H solid A : gas B
bond angle: bond angle: excess water
shape: shape: L
[4] HCl(aq)
> +
e) Explain why NH, has pol lecul h - 2 .
(e) Expl y NH, has polar molecules whereas molecules of BF, are non-polar. salution € solution D fiquid E
K
...................................................................................................................................... 2 excess CO,(g}
() Poiar molecules of NH, form hydrogen bonds. Draw a diagram to show this hydrogen -
bonding. solution
6]
(b} Cement is a mixture of calcium and aluminium silicates, formed by heating limestone
with clay.
[1] 4CaCO,(s) + ALSI,0,(s) — 2CaBiO;(s) + CaALO4(s) + 4C0,(0)
clay L — 4
{g) NH, reacts with Hl to form the ionic compound NH,I, made up of NH,* and I” ions. cemeni
NH, + HI — NH ] A typical bag of cement has a mass of 25kg. Calculate the mass of limestone (taken as
calcium carbonate) required to make 25 kg of cement,
{i} Explain why the H-N--H bond angle in NH, is less than that in NH,*.
The molar mass of cement, taken as (2CaSiO, + Ca,ALQ,), is 446.6 gmol™
................................................................................................................................... [A: AL, 27.0; G, 12.0; Ca, 40.1; O, 16.0; Si, 28.1]
2]
(i} Describe a simpla test to confirm the presence of I” jons in an acidified solution of
NH,L
............................................................................................................................... [2]
[Total : 17] (8]
2811 Jang2 [Turn over
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{c) Lime mortar is a thick paste made by adding water to a mixture of slaked lime, Ga(OH),, ‘ 6  In this question, 1 mark is available for the quality of written communication. !
and sand. As mortar dries out the slaked lime reacts with carbon dioxide in the air,

forming calcium carborate which causes the mortar to harden. The halogens have different reactivities.

(i) Wiite an equation to represent the hardening of mortar. Assumne the sand does not (a) Describe how displacement reactions can be used to show the different reactivities of
react. chlorine, bromine and iodine.
............................................................................................................................... [1] In your answer, yeu should include equations and observations. [4]

{ii} Intime, lime mortar crumbles and needs to be replaced. Suggest why this happens (b) Explain the trend in reactivity of the halogens. 43
more quickly when the mortar is expesed to air contaminated with acidic poliution. .

[Total : 8]
..................... [1]
ITOMAL S 1] | e R RO LSRR R A b :
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13

In this question, 1 mark is availabie for the quality of wriften communication,

Analysis of a sample of bromine in a mass spectrometer showed that it contained a mixture
of the 7®Br and ®1Br isotopes in the proportions: 7°Br, 55.0%; ' Br, 45.0%.

(a) Caleulate the relative atomic mass of bromine in this sample.

12]
(b) Outline the basic principles of a mass spectrometer and how mass spectrometry can be

used to confirm this isotopic abundance. [8]

2811 JanC2

2

Answer all questions

Iridium, atomic number 77, is a very dense metal. Scientists believe that meteorites have
deposited virtually all the iridium present on Earth. A fragment of a metecrite was analysed
using a mass spectrometer and a section of the mass spectrum showing the isotopes
present in iridium is shown below.

100

a0

60
% composition

40

20

Ob—T—T
0 190 195 200

relative isotopic mass

{a) Explain the term isotopes.

1]

{b) Use the mass spectrum to help you complete the table below for each iridium isotope in
the meteorite.

numtber of

isotope | percentage composition
protons neutrons

191|I’
189);
i3l
(c) () Define the term relative atomic mass.
]3]

26811 JunD2
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{ii) Galculate the relative atomic mass of the iridium in this meteorite. Give your answer

to one decimal place.

{d) Iridium reacts with flugrine to form a yellow solid Y with the percentage compesition by

mass: Ir, 82.75%; F, 37.25%.
The empirical formula of ¥ can be caleulated from this information.

(i} Define the term empirical formuja.

(ii} Calculate the empirical formula of Y.

{ili) Write a balanced equation for the reaction between iridium and fluorine,

2811 Jun2

For
Examiner’s

Use
12]
1]
{2]
[1]
[Total : 13]
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4

2  This guestion concerns elements and compounds from Group 2 of tha Periodic Table.

(a) State the trend in reactivity of the Group 2 elements with oxygen. Explain your answer.

[T o R R =T L 1 1 OO PP PITPRN
[ o L= £ S R
4]

{b) The reactions of strontium are typical of a Group 2 element. Write the formulae for
substances A-Din the flow chart below.

H,0({l
Sr(s) _,ZL,._ +
solution A gas B
CC,(m)
Y
SICO,(s) heat,_ +
solid © gas D

4]

[Totai : 8]
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This question is about aluminium oxide, ALO,.

{a) Successive ionisation energies provide evidence for the arrangement of electrons in

atoms,
The graph below shows the B successive ionisation energies of oxygen.

[og ionisation
energy

0 1 2 3 4 5 53 7 8
number of electrens removed

{ Write an equation, including state symbols, to represent the second ignisation

energy of oxygen.
............................................................................................................................... (2]
(ii} How does this graph provide évidence for the existence of two electron shells in
oxygen?
121
(b) (i) Complete the electronic configuration for an aluminium atom.

(i) On the axes below, sketch a graph to show the thirteen successive ionisation
energies of aluminium. [2]

log ionisafion
energy

Q 1 2 3 4 5 6 7 8 9 10 11 12 13

number of electrons removed

2811 Jun02
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(c) Alummium oxide can be formed by reacting together aluminium and oxygen. -
(i) Write an equation, including state symbols, for this reaction.
............................................................................................................................... [2}
(if) The bonding in aluminium oxide 18 intermediato between icnhic and covalent
bonding. Explain why aluminium oxide has intermediate baending.
)|
{d) Gemstones such as rubies, sapphires and topaz mainly contain aluminium oxide.
Artificial rubies can be made by heating aluminium oxide with very small traces of
transition metal oxides and coaling sfowly. The traces of these oxides give the rubles
their celours.
Calculate how many moles of ALO, are needed to make a 25.0g ruby.
Assume that &ll the mass of this ruby is aluminium oxide.
ANBWEL eoeeemererereeemeremeeeneas mol
[2]
[Total : 14]
2811 Junbz [Turn over




4 A major use of chlorne is In the purification of dnnking water. When chlonne is added to
watar, the following reaction takes place.

Cly(g) + H,0()) — HOCl{aq) + HCXaq)
(a) Determine the oxidation number of chlorine in
(b) HOCI has covalently bonded molecules.

Draw a 'dot-and-cross' diagram of a molecule of HOCL

2

(¢) () Outline how the electron pair repulsion theory ¢an be used to predict the shape of a
covalent molecule.

3
(i) Using your answers to (b) and (¢)(i), draw a diagram to show the likely shape of a

molecule of HOCI Pradict the bond angle in this molecule and show this ¢learly on
your diagram.

i2]

{d) Chilorine, Ci,, is a strong oxidising agent and oxidises aqueous iodide ions, I"{aq), to
iodine, I,,

(i} What is meant by the term oxidation?

1]

(i) Suggest what you would expect to see when CLyJ{g) is bubbled through a solution
containing I7(aq).

2011 Juno2

For
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{ii) Write a balanced ionic equafion for the oxidation of I=(aq} by CL{g)-

(e} Industrially, chlorine, CL(g), is prepared by passing an electric current through a
concentrated solution of sodium chloride, NaCl, known as brine.

In this question, assume brina has a concentration of NaCl of 4.00 mol dm™s.

(i} Calculate the mass of NaCl dissolved in 1.00dm? of brine.

ANSWET v cieeerisersense s imsanente g
(2]
(ii} Calculate the volume of ClL(g) obtained from 1.06 dm? of brine.
2NaCl(aq) + 2H,0(l) — Cl,(g) + 2NaOH(aq) + H,(g)
Assume that 1 mole of CL{g) occupies 24.0 dm?.
ANSWET cvecrnsesrianesereeneneues dm®
(21

(iii)y Every day in the UK 2,5 x 169 dm® of CLy(g) are produced for many uses, including
water treatment and the manufacture of plastics.

Assuming that all CL, is produced from brine, calculate the volume of brine required
for CL, production each day in the UK,

Assume that 1 mole of CL(g) occupies 24.0 dmd,

ANSWEL <o cecee e e eeen e

{1l
[Tatal : 17]

2811 Junoz [Turn over
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10

Describe the nature of hydrogen bonding and explain two anomalous praperties of water in
terms of this bonding.

In this question, 1 mark is available for the quality of written communication.

7]
QWG [1]

[Total : 8]

2811 Jun02
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2

Answer all the questions.

Galliur, atomie number 81, exists naturally as a mixture of its isctopes, Ga and 7'Ga.

(a) Complste the table below to show the atomic structure of each isctope of gallium.

number of
isotope
protons nautrons electrons
683a
MGEa

(21

} A mass spectrometer can be used 1o identify the isotopes in a sample of an element.
g he diagram below shaws a mass spectrometer.

Com '.-*:,:- diagram by adding the names of the processes 1hat take
of the four'fggelled regions. o p

For
Examingr’s
Use




% composition
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{c) A sample of gallium was analysed in a mass spectrometer to produce the mass v o . ) . . Exagsh:ers )
spectium helow, The Telative alomic mass of gallum can be calculated from this mass 2 When magnesium is heated in air, it reacis with oxygen to form magnesium oxide. i
spectrum. .
2Mais) + O(a} ~—» 2MgO(s)
100 {a) Complete the elactronic configuration of a magnesium atom.
80 . )
{b) What is the oxidation state of magnesium in
(i) MO . 1]
60 (i) Mgo? .. []
{e) When magnesium is heated in air, It also reacts with nitrogen to form solid magnesium
40 nitride, Mg;N,.
{i) Construct an equation, with state symhbols, for this reaction between magnesium
and nitrogen.
20
- 2]
{liy Suggest why magnesium reacts with air to form much morte MgQC than Ma;N,.
o I T R E N N S B B B
65 70 75
_ . . [}
ralative isotopic mass
(d) Magnesium oxide has an extremely high melting point which makes it suitable as a
{i) Define the term relative atomic mass. lining for furnaces.
.................................................................................................................................. Explain, in terms of its structure and honding, why magnesium oxide has this property.
N ;O GV
() Estimate the percentage composition of each isolope presentinthe SAMBIE. | e eeeeeeee et e s e bt [3]
[1]
{ili) Calcutate the relative atomic mass of this sample of gallium. Your answer should
be given to three significant figures.
ANSWEOT cuvancirnsiinsissscercseorenenteeees [ 2]
[Total : 12]
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(e) When magnesium oxide is added to warm dilute nitric acid, a reaction takes place
forming a solution of magnesium nitrate.

MgO(s} + 2HNO,{aq) —> Mg(NOg)(ag) + H O

A student reacted 0.0500 mol MgO with 0.400 meldm2 nitric acid.

(i) What would you see during this reaction?

-1
(ii) Calculate the mass of MgO that reacted.
[2]
@iil) Calculate the volume of 0.400 moldm™ HNO, required 1o react exactly with this
amount of MgO.
[2]
(f) The solution formed in this reaction cantains ions.
(Il Why does this solution conduct electricity?

- [

(il State the formulae of two ions present in this solution.
- [2]

[Totar : 17]

For
Examiner's 6
Use
3  This question is about chlorine and chlarine compounds.

(a) Chlonne reacts with water to form a solution.

Cly{g) + H,0) —> HClag) + HOCl(ag)

(iy Why is chlorine added to water on a large scale?

- [l
(i) Green universal indicator is added to this solution.
What colour changes would you see
IMMEIALEIY ©.vereiereresiissssnmcrnsrsseasmsssmssstossnsrssrans serssssnrssnsssess voeriessssaneecmsomnsssnsscss L1
after SOME TIMAT ..o veeernre v e vre e te s s e sbnessesmsasss srmesssssnannsss [ 1]

{b) Describe a simple test that you could carry out {o show that chloride ions are present
in a sample of sea water.

L= L= 7 S TSR UV

OBSEIVANOIT 1vv.viivastieeiee s beaitoirisssvsas rssmns s s s e b e sas 1 A sees s e er e snp P e e e e ennes
L= {0 1L U PP PSPPI PPP PPN
[3l
{c) Some dry-cleaning solvents include the chlorine compeund Perc.
Perc has the following percentage composition by mass: Ci, 85.6%: C, 14.4%.
The relative molecular mass of Percis 166.
(i) Calculate the molecular formula of Perc.
[3]

(i) Suvggest why Perc would not reacl in the test in (b}.

- 1]
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7
{(d) Sodium chloraie, NaClQ,, is a chlorine compound used as a weed killer.
When heated, NaClO, releases oxygen gas.
2NaCi0,(s) —> 2NaCi(s) + 30,3}

Calculate the volume of O, that can be formed at room temperature and pressure by
heating 4.26 g of NaCIO,,.

1 mol of gas molacules occupies 24.0dm? at room temperature and pressure.

[4]
[Total ; 14]
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Tha first six successive ipnisation energies of an element D are shown in Table 4.1 below.

Table 4.1

ionisatien energy / kJd mol™?

element
1st 2nd ard 4th Sth 6th
D 1086 2353 4621 6223 37832 47278
(a) Define the term first ionisation energy.
.. [3]
{b) Write an equation, with state symbols, to represent the third ionisation energy of
element D.
. 2]
(c) Use Table 4.1 to deduce which group of the Periodic Tabte contains element D.
Explain your answer. :
GFOLD vevssmesvavessrieeessessspmsesssssiessesnst st sestnseab ee reRePaRsESnERRPER L2 bu o PR P AP RS L AAR S A b s RIS s
B oL 11 - = U Oy OU——

.. [3]
[Total : 8]
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In this question, one mark will be awarded for the quality of written communication.

In the Pericdic Tabte, describe and explan the trend in atomic radii shown by
e the Group 2 elements Be-Ra

e the Pericd 3 elements, Na-Ar.

.8

Quality of Written Communication [1]

[Total ; 9]

For
Examinar's
Use 2

Answer all the questions.

1 This question is about two elements, A and B, in the Perlodic Table.

{a) Each atom of element A has 15 electrons.

(i} Identify slement A.

(i) Complete the electronic configuration of an atom of A.

1 O

(iill) Predict the charge on an ion of A and complets its electranic configuration.

. ]

[

CHAIGE ON 0N e eeeeeciremsticasists s i sa s s s embot e n et s ncnn s

elactronic configuration of 0N o A 182 ... remercsnnrmse s rmiise st s snaneanes

(b) Element B exists as a mixture of three Isotopes.

(I} What is the difference between the atomic structures of isotopes?

(i) The atoms of element B have elght electrans in the 3d sub-shell.

|dentify element B.

2811 Jungd

2]

- Ml
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(c} A sample of element B was analysed in a mass spectrometer. The relative atomic *
mass of element B ¢can be calculated from the results shown in Table 1.1 below.
Table 1.1
isotope 1 isotope 2 isotope 3
relative isotopic mass 58.0 60.0 62.0
percentage composition /% 68.2 27.3 4.5
(i} Explain what is meant by the relative atomic mass of element B.
....... {31
(ii) Using the Information in Table 1.1, calculate the relative atomic mass of this
sample of B. Glve your answer to three significant figures.
[
[Total: 1]
2811 Jun03 [Turn over

4

2  The halogens chlorine, bromine and iodine each exist as diatomic molecules at room

temperature and pressure.

{a) Draw a ‘dot-and-cross’ diagram of a bromine molecule, showing outer electrons only.

[1
(b) The boiling points of the halogens chlorine to iodine are shown below,
halogen boiling point/°G
chlorine -35
bromine 58
iodine 184
Explain why the halogens show this trend in boiling paints.
.................................................................................................................................... [3]

2811 Jun0?
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{c} When chlorine, CL,, is added to aqueous sodium bromide, NaBr, a reaction takes
placs.

(i} State what you would see in this reaction.

................................................................................ [1]
(i) Write an equation for this reaction.
- [1
{iil) What happens to elactrons during this reaction?
|
(iv) Why does no reaction take place when bromine Is added to aqueous sodium
chloride?
.M
(v) Describe a simple test to confirm the presence of iodide ions in aqueous sodium
iodide.

............. VOO 1)
[Total; 11]

2811 Junda
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3 Calcium oxide, Ca0, is used for making cement which is widely used in the construction
industry. Calcium oxide can be prepared as ‘quicklime’ by heating limestone in a lime kiln to
about 550 °C. The calcium carbonate in the limestone decomposes inlo calcium oxide and
carbon dioxide.

CaCO, — Ca0 + CO,

{a) Draw a ‘dot-and-cross’ diagram of calcium oxide, showing outer electrons only,

(2
{b} In CaCO,, what is the oxidation state of
{i)y Ca,
)
(iiy C?

..... v eses e seesenseesseestmssesesrrsamesseestsememieessssemaeneeseees [1]

(c) Calculate the mass of CaO that could be made from limestone containing 20 tonnes of
GaCO,,

molar masses: CaCOg, 1009 mol~': Ca0, 56 gmol™'.

1 tonne =108 g,

[£=4

(td) When water Is added to quicklime, a vigorous reaction takes place forming slaked
) lime, Ca(OH),.

Write an equation for the formation of slaked lime in this reaction.

-]

[Turn over

2611 Junod

For
Examin
Use




(e) Farmers often add 'lime' to acid soils. The lime is mostly present as slaked lime.
A chemist neutralised 25.0 cm? 0.200 mol dm~8 HCI with slaked fime.

Ga{OH),(s) + 2HCHad) —> CaClyfaq) + 2H,0()
(i) What is the molar mass of Ca{OH),?

[
(i} How many moles of HGlware neutralised?

1]
{iiiy Calculate the mass of Ca(OH), that neutralises this HCL

(2

(iv} The chemist neutralised the same amount of HCI with NaOH. Explaln why the
chemist would need to use more moles of NaCH than Ca{OH),.

....... e reesemmeaeeessmmesreess e esmseesanereesrisemesnssmssernsrisrsesseeees [2]

of wat snadhis solution was left exposed o the air, the solution slowly became
milky as a fine whiteﬁﬁ%ﬁpit_‘até:ormed. —

................................................................................................. 2
[Total: 15]
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4 Chemicals show a range of different structures. The table below shows four types of
strugture,

structure example

giant metallic

giant ionic

giant molecular

simple molecular

{a) Complete the table by giving an example of each type of structure. Write its name or
formula in the second column.

[4]
(b) A giant metallic structure has metallic bonding.
(i) Draw a labelled diagram to show metallic bonding.
(2]
(i) How does a substance with a giant metallic structure conduct electricity?
-1

2811 Jundd
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9

{¢) Explain why a substance with a giant ionic lattice conducts electricity when molten but
not when solid.

..................... DO - |

(d) Explain why a substance with a giant molecular structure has a higher boiling point
than a substance with a simple molecular structure.

[Total: 12]

2813 Junoa [Turn over
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10

In this question, one mark is available for the guality of written communication.

Explain how you can predict the shapes of, and bond angles in, simple molecules. In your
answer, you should choose examples of four different molecular shapes,

eeeeeteteeenn. [10]
Quality of Written Communication [1]
[Total: 11]
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Answer all the gueslions.

1 A sample of the element boron, B, was analysed using a mass speclrometer and was tound to
contain two isotopes, 1°B and '1B.

(a) (i) Explain the term isoiopes.

(i) Complete the fable below for the two isotopes of boron.

isotope protons neutrons electrons
g
g

{b) The relalive atomic mass of boron in the sample analysed was 10.8.

(i} Define the term relative alomic mass.

I T T T LT L L TP T P P PP P P PP e PP P P PP TR

...... vernveernran[3]

(i) What doas the value jor the relative atomic rnass sugges! about the relative proportions
of the boron isctopes in the sample?

Explain your reasening.

I @0CA 2008

2 (g

(R A

et e S T T

3
(c) The element boron was first isolated in 1808 by reacting bori¢ acid, H,BO,, with potassium.

{) [n addition to boron, the reaction produces an alkali.

Suggest a balanced equation for this reaction.

(i) Explain, using oxidation numbers, why boron in boric acid has been reduced.

...................................... OO /-

(d} The structura of & molecule of boric acid is shown below.
Prodict values for the bend angies labelled X and Y in a boric acid maolecule,

Explain your reasoning.

BIONE BNGIS Xt cne et siermimim sttt oA 101 b bbb es b RR e E S b SRR SRR AT e n e
L= 0 13T O R PPN

Eap e e T e mama e a ream b P B AR R R AR R A R R AR YT EA TR Ay T A A NN RS AR Re N n s rataesannndnndn fnd

oo aTu =) T = S P SO

(= =T o1 o TSSO

[Totak 15]
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Quicklime, CaQ, and slaked lime, Ca{OH),, are bases made by the chemical Industry with uses in
bullding and farming.

(a) (i) Howls quicklime made by the chamical industry?

LJ1
(i) Give one use of slaked lime in farming.

(b) Slaked lime is slightly soluble in watar forming a solution commonly referred to as limewater.
A student carried out a liration o find the concentration of limewater. 25.0cm? of limewater
was neutralised by 22,45 cm?® of 0.0105 moldm ™ nitric acid, HNO,,

{) Balance the equation for the reaction that takes place.

wonCE(OH)(BT) + ..o HNC (ag) —» annGalNOgl lag) + .....H0{) [1]

(iiy Calculate how many moles of HNO,4 were used.

............. L~ mol [1]
{ili) Determine how many moles of Ca(OH), reacted with the HNO,,
............... mol [1]
(iv) Calculate the concentration, in mol dm~?, of the Ca{OH}), in the limewater.
e eeeeeens IO A3 [1]

{v} After the titration, the siudent allowed the water to evaporate to obtain a hydrated
crystalline solid with a molay mass of 272.1g moi.

Determine the formula of lhe hydrated solid. Show your working.

2]

&OCR 2008

o
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5
(c) Limewater can be made by adding calcium metal to water.

Write an eguation, with state symhols, for this reaction.
2]
(d) When calciurn metal reacts, each calcium alom loses iwo electrons. The energy change

required fo converl Ga atoms inta Ca2* ions involves both first and second ionisation energies.
The lirst and secend ionisation energies of calcium are shown below.

ionisation number ist 2nd

ionisation energy/kJ mol™! 578 1145

{) Write an equation, including state symbols, that represents the second jonisalion enargy

of calcium.
-[2]
(I Calculate how rmuch energy; in kJ, would be needed to form 5,009 of Ca®(g) ions
from Ca(g}.
Give your answer to three significant figures.
ANSWET S ovvninisnnens lJ [3]
(I} The first ionisation energies of the elements In Group 2 show a frend,
State and explain this lrend.
............. SF RN |- |

[Total: 19)
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6
3" This question is about the chemistry of chlorine and its compounds.

{a) Completa the selecironic configuration of an atam of CL

{b) Chlorine reacts with magnesium to form magnesium chloride.
Mgis) + CL{g) — MgCiy(s)

() Draw a 'dot-and-cross' diagram for MgCl,.

(2]
{iij Solid MgCL, does not conduct electricity but sofid magnesium does.
Solid MgG, digsolves in water and the resulling solution does conducl electricity.

Explain these observations.

{¢) Chiorine and magnesium are both elements in Ferlod 3 of the Periodic Table. The radius of a
Cl afom is smaller than that of an atom of Mg.

Explain why.

I & OCH 2008

{d) Bleach is a solufion of sodium chicrate(l), NaClO, made by reacting chlorine with aqueous
sodium hydroxide.

Gllg) + 2NaOH(ag) — > NaCiOfaq) + NaCiag) + H,O()

A student prepared some bleach by reacting 145 cmd of chlorine gas with an agueous solution
containing 0.0100mol NaOH,

Under these conditions, 1.00mol of Ci,(g) has a volume of 24.0dm®,
Determine whether CI, or NaOH was In excess of its reacting quantity.

Show all your working.

[2]
(e} You are supplied with two solutions: NaCi{aq) and MNaBr(aq).

QOulline how you could distinguish between these two sclutions using simple expariments.
- Include relevant equations.

[Total: 15]
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In this question, one mark is available fer the quality of spelling, punctuation and gramrmar.

Waler, methane and hydrogen chloride all have simple molecular structures bul diifer in their
intermolecular forces,

{a) Descrlbo, with the aid of a diagram, the hydrogen bonding in water.

State and explain two anomalous properlies of water In terms of this bonding.

P s PP PP P e e R T e P LR R L LY PELEEEEEEEL L]

& 0CR 2008

9

{b) The boiling poinls of methane and hydragen chloride are showri in the table below.

substance holling point/ G
methane —-164
hydrogen chioride -85

Explain why methane and hydrogen chloride have different boiling points.

Quality of Written Cormunication [1]

[Total: 11]

END OF QUESTION PAPER
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Answer all the questions.

-

indi i i -whi tal with a brifliant shine.
1 The element indium, atomic number 49, is a very soft, stlveryi while r'ne
One strange property of indlum is that it makes a high-pitched ‘scream’ when bant! It ocours as a

mixture of twe isolopes, 1%In and 11%In.

{(a) Complete the table below for the isotopes of Indium.

isotope protons | neufrons | electrons

1131

L)

(b) A sample of indium contains 4.23% of 13In and 95.77% *1%In.

GCaleulate the relative aiomic mass of the indium sample.

Give your answer to one decimal place.

(2

A= i wonsisninin [2]

(¢} Indium has mstallie bonding.

Draw a labslled diagram to show metallic bonding,

L_@ocn 2008
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{d) A compound of indium and iodine has the following percentage composition by mase:
In, 23.18%; 1, 76.81%, The relative molecular mass of this compound is 992.

(i) Define the term relative molecular mass.

wee[3]

{i) Calculate the molecular formula of thls compound.
moleculat formula = ............ rree e [3]
[Total; 12]

[Tarn over __|
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2 This question rafers 1o the first 20 elements in the Periodic Table. These are shown below.

el

Li | Be BIC|N|O|F|Ne
Na |Mg Allsi|P|8!CI|Ar

]l TTTTTT 1L

(a) From these first 20 elementa only, identify an slement that fits each of the following

descriptions.

() The element that forms a 2+ jon with the same electronic configuration as Ar.

(i) The element that forms a 3—lon with the same elactronic configuration as Ne.

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

{iil) The element that has atoms with a 3p subsheli containing five electrons.

T T TR

(iv) An element that forms a compound with fluorine with trigonal planar molecules,

{v) The element with tho smallest first ionisation energy.

(vi) An element with a glant covalent lattice.

RGO

1]

i

(1]

(1]

(1

i1
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(b) Elements form many compounds. 3

. 1

(a) A student preparad some chlorine gas on a small scale by reacting hydrochloric acid with

) . - household bleach.
Choose compounds, farmed from the first 20 elements only, to illustrate ionic and covalent

honding. The reaction is shown below.
Showing outer electrons only, draw ‘dot-and-cross’ diagrams of your chosen examples, 2HCHaq) + NaClO(ag) — Ciy{@) + NaCl{ag) + H,O{)

3 -3 i 3 8
() ‘Dot-and-cross diagram for a compound with ionic bonding. The student reacted 1.0cm® of 6.0moldm=2 HC! with 3.0em® household bleach, 55cm® of

chlorine gas wers produced. The hydrochloric acid was in excess and this ensured that all the
NaCl0 in the bleach was reacted.

Under these conditians, 1.0 moal of Gi,{(g) hes a volume of 24dm?,

(i) Calculate how many moles of Cly{g) were produced.

ANSWOT = 11 vvrerssressaesmeataiessinsesenrnses MOL [1]
2] . L :
{ii) Calculate the concentration, in maldm=2, of NaCIO in the bleach.
(i} ‘Det-and-cross' diagram for a compound with covalent bonding.
CONCENIBYDN = .o e maldm™2 [1]
(i) Calculate the number of moles of HCI that remained after the reaction.
[2]
{c) Across a pericd in the Periodic Table, elements cfien show characteristic trends.
Describa and explain the trend In atomic radius across Period 3.
FeE e LaaNa R e et f s e eanat ek emes b nde ek AR ESE B LR RA LA EARS R ARSI LA RS LR S PR ASS v Re R R BANSWEE = 1urissrsressansisininsmnrines mol [3]
{b) A student carries ouf two expsrimerts.
{) The student bubbles some chiorine gas through a solution of sodium iodide. The solution
turns a brown colour.
Explain this observation and wtite an equation for the reaction that takes place.
venenne[4]
Total: 14
[ ] 5
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(i) The student bubbles chlorine gas through aqusous silver nitrate, A white precipitate forms,

Explain this observation including equations for any reactions that take place.

........................................................................................................................ et 1Y

(c) HC! i; a pc_>lar molecule bhut CCl, is a nan-polar molacule. This differerce can be explained by
consideration of electronegatlvity and molecular shapes.

(l) Expiain the term electronegativity.

({l) Braw a 3-D diagram to show the shape of a toiecule of CCl,. State the bond angle.

[2]
{I) Explain why HGlis a polar malecula but CCJ, is a non-polar molecule.
.............. T e R RS LR AR AR e e L BN i e e e sren e s e acannrseninsesesenel ]

L W
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4  This question looks at the chemistry of Group 2 elements and their compounds.

(a) The flowchart below shows some reactions involving calcium compounds.

Identify substances A—F by writing their formulae In the boxes.

caco, | —=2 ] .
solid A gas B
HOfl)
3
HCl{ag) +

solution C golution D liquid E
excess CO,(g)

soluiton

[6]
{b) In this question, one mark is avallable for the quality of spelling, punctuation and grammar.
All the Group 2 elements react with oxygen.

«  Write a balanced equalion, with state symbols, for the reaction of caicium with axygen.
Using this reaction, explain what is meant by oxidation and raduction in terms of

electrons. [4]
«  State and expiain the trend in reactivity of the Group 2 eiements with oxygen. [5]

DR
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Answer all the questiens.

1 The answer to each part of this question is a number.

(a) (i) Bow many neutrons are there in an atom of chiorine-377

L [11

{iiy How many electrons are needed to fill one orbital?
IIIII ) OO OSSO PPTOTY I I |

(iii) How many electrons are there in the 3p sub-shell of a chlorine atom?
_______________________________________________________________ e PP UO O UPOO DY | )
{b) (i} Calculate the relative atomic mass of a sample of gallium containing
' e 60% 8°Ga and 40% 7'Ga. Give your answer to three significant figures.

. . . [l

(ii) Calculate the relative formula mass of (NH,),CO,.
v - [1]

' ' " e * (i) Caloulate the number of grams of NaNO, in 200 cm?® of a 0.250 moldm™ solution.
....... . [2
et esere e R e eea e e R8RS (iv) Calculate the number of molecules in 100cm® of SO, gas at room temperature and
pressure,
...... 1.00mol of SO, mofecules accupies 24.0 dm? at room tomperature and pressure.
L =86.02 x 102 mol™.

Quality of Written Communication [1] 0l

[Total: 16] (c) Determine the oxidation number of chioring in NaClO,,.
Lsomm’a J ©0cA 2009 [Total: 9]
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3
Element A is in Period 3, Na—Ar, of the Periodic Table.

Some of the successive ionisation energies of element A are shown below.

ionisation energy/kJ mol!
1st 2nd 3rd 4th 5th Gth 7th
789 1577 3232 4356 16091 19785 | 23787

(a) Define the term first ionisation energy.

................................................................................................................. [3]
{b) Identify element A from the elements in Period 3, Na—Ar.

Explain how you decided on your answer.

L= =] 1 - PP P SN

L= ] 2 = PP PPN

................................................................................................................. [3]
{c) Elements in the same group in the Periodic Table have different icnisation energias.

Explain why there is a trend in first ionisation energies for elements in the same group.

.............................................................................................................................................. [3]

[Total: 9]

©0CA 2008 Turn over
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Calgium chloride, CaCl,, is used for dust control on roads and in car parks.
Calcium chloride is made up of Ca2* and CI~ icns.

(a) Complets the table below.

species protons elactrons
CaZ+

cr

(b) Draw a ‘dot-gnd-cross’ diagram of CaCl,. Show outer electron shells only.

(2]

[2]

(c) Solid calcium chloride does not conduct electricity. An aquecus solution of calcium chlotide

does conduct.
Explain the different conductivities of solid and aqueous calcium chloride.

(d) Calcium chloride can be made by reacting limestone with hydrochloric acid.
CaCO,(s) + 2HCI(aq) —> CaCly{aq) + COy(g) + H,O{)

In the [aboratory, a student carries out this reaction using 4.85g CaCQ, and
1.50mol dm~3 HCL. She then evaporates water from the solution to obtain solid CaCl,.

(i) How many moles of CaCO, were reacted?

ANSWEL = civieiressiceraemteeessernestsssamterssssarn mol

@ OCR 2008

(2]




5
{ii) What mass of CaCl, is formed hy the reaction of 4.85 g of CaCO,?

BANSWET = e eeececeeeceaeeree e s resssnsn e g [1]

(1) Calculate the volume, in cm®, of 1.50moldm™= HCI that reacts with 4.859 of CaCO,,.

ANSWET = 1vvvveserrvenrerireespeemsemnssnmeamsesssssensns cm? [2]

(e) Choose another chemical that could be reacted with hydrochloric acid to make calcium
chloride.

Write a balanced eguation for the reaction.

() Compound B is a calcium compound used in making paper. Compound B is manufactured by
passing SO, gas through a solution of calcium hydroxide.

Compound B has the following percentage composition by mass:
Ca, 19.82%; H, 0.99%; 8, 31.74%,; O, 47.45%.

(i) Determine the empirical formula for compound B.

(2

(ii) Construct a balanced equation for the manufacture of compound B from calcium
hydroxide by this method.

[Total: 16]

©OCA 2008 Turn cver
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4  The boiling points of the halogens chlorine, bromine and fedine are shown below.

halogen hoiling point/°C

chlorine —35

bromine 59
iodine 184

(a) Explain this trend in the boiling points of the halogens.

(b) lodine reacts with water as shown below.
Lfs) + H,O() —> 107(aq) + 2H*(aq) + T"(aq}

Determine the changes in oxidation number of iedine in this reaction and comment on your
answers.

® OCR 2009
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(¢) A student carries out the following investigation. 5 In this question, ane mark is available for the quality of spelling, punctuation and grammar.
*  Step 1: The student adds an excess of chlorine gas to an aqueous solution of potassium Many physical properties can be exp'ained in terms of bonding and structure. The table below
bromide. shows some properties of magnesium, diamond and ice.

»  Step 2: The student adds aqueous silver nitrate to the resulting solution.

substance magnesium diamond ice
(i) Instep 1, what would the student cbserve? g féﬁf}gcﬂ i go0d poor poor
Write an ionic equation for the reaction that takes place.
melting point 649°C 3550°C 0°C
OBSEIVANON: 1ueiivi i —————————
TOTHC BQUALION: 11evureeurersrreseeess s et sseeesesasesessese st srant e se e sesse s se s remten s amsaestamsasesamsas seenesen [2] Explain thase properties in terms of bonding and structure.
(i) For step 2, write an ionic equation, INCluding state symbols, for the reaction That tAKES e R s
place.
...................................................................................................................................... [2]
(d) Many covalent compounds of the halogens, such as CCl,, have polar bonds. Polarity can be
explaingd in 1ms of BIBGITONBGALIVILY. L
() Explainwhatis meantby the term electionagalivit. R
____________________________________________________________________________________________________________________________________ 12]
(i) Molscules of the covalent compound COI, have POlar BONGS. e
Draw a diagram to show the shape of a molecule of L,
Onyour diagram, showthe Polarity OF e BONGS. R
[21 e e SRR SRR SRS RE SRR R SRR
(i) Amolecule of CCLyis NOM-polan EXPIAIN WHY. e Lt
...................................................................................................................................... 11
[Total: 15] - O PP PP PP U P
©O0CH 2008 Turn over &0CA 2000




Quality of Written Communication [1]

[Total: 11]
END OF QUESTION PAPER

© 0CR 2009

1

2
Answer all the quastions.

The element sulphur, S, has been known since ancient times and was originally named
‘brimmstone’.

(a) Sulphur exists as a mixture of four isatopes, 328, 335, 343 and %8,

() What is meant by the term /sotopes?

[
(il Complete the table below to show the composition of the 33 and **S isotopes.
isotope | protons | neutrons | electrons
3ag
adg
[2]

(b) A sample of sulphur was collected from a volcano. The relative atomic mass of the sulphur
was determinad.

(i) Define the term relative atomic mass.

......................................................... [3]
{iiy The sample of sulphur had the following perceniage composition by mass:
382G, 04,93%; B3, 0.76%; 8, 4.20%,; %85, 0.02%.
Calculate the relative atomic mass of the sample of sulphur.
Give your answer to four significant figures.
BNEWEL = ittt st [2]

B OGR 2009




{c) Sulphur also eccurs naturally in sulphates. Gypsum is a common sulphate ore, containing
mainly calcium sulphate as CaS0,.2H,0.

{i) What is meant by tha 2H,0’ in the formula CasQ,.2H,07?

...................................................................................................................................... [1]
(i} What is the molar mass of CaS0,.2H,07
BNSWET = ceeeeveceveevevmeeseer st snserasenessenns g mol™! [1]
(i) What is the oxidation number of sulphur in CaS0,.2H,07?
...................................................................................................................................... 1]
{iv) State the formula and charge of the negative ion in Ca$0,.2H,0.
-]
[Total: 13]
Turn over
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2

4
Magnesium and aluminium are both metals in Pericd 3 of the Pericdic Tabla.

{a) Magnesium forms compeunds that have ionic bonding.

What is meant by the term ionic bonding?

................................................................. . . SN & |

{b} Magnesium forms an ionic chloride, MgCl,,.
(i) Draw a ‘dot-and-cross diagram to show the bonding in MgCL,.

Show outer electron shells only.

[2]

(i) Complete the electron configuration, in terms of sub-shells, for a chloride ion.

182 et et et e ene e e SRR aa TR 1A e AR e 4C e aE e e S ea e erres M

{c) Atroom temperature, magnesium and aluminium both exist as solid lattices.

{i) Interms of the particles involved, explain how these solid lattices are held together.

...................................................................................................................................... [2]
(i} Aluminium has a higher melting point than magnesium.

Suggest why.

...................................................................................................................................... [11

@ 0CR 2009
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{d) Cobalt and nickel are both metals in the d-block of the Periodic Table. Cobalf is placed bafore

nickel despite having a greater relative atomic mass.

(i) State why Co is placed before Niin the Periodic Table,

{e) Aluminium reacts with acids, releasing hydrogen gas.

A student reacted 2.025¢g of aluminium metal with an excess of 1.80moldm™
hydrochloric acid, HCIL.

The equation for this reaction is shown below.
2Al(s) + BHClag) —— 2AICL{aq) + 3H,(g)

(i} Calculate how many moles of Al reacted.

ANSWEL = o.ieccecneccre s emeemmsesresean e sre e mol [1]

{ii) Calculate the volume, in ém?, of H,(g) that formed from 2.025g Al at room temperature
and pressure, r.t.p.

1.00 mol of Hy{g) has a volume of 24.0dm? at r.t.p.

YOILITIE = ireeeee et nmnae s s dm? [2]

{iiiy Calculate the volume, in cmd, of 1.86moldm= HCI that reacts exactly with 2.025 g of AL

YOILUME = ooeeeeeeeeer e smsee s e nenanens cm? [2]
[Total: 14]

®0CR 2008 Turn over
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3  This questicn looks at reactions of Group 2 elements and their compounds.

(a) The flowchart below shows seme reactions invelving barium.

Write the formulae of substances A—D in the boxes.

heat
Ba(s) AIr | seerrresmmeacen (S)
solid A
Ha0(1)
HCi{aq)
Ba(OH)y(aq) ——~ (aq)
solution B
CCu(g) AgNO(ag)
.................. (s)
precipitate D

[4]

(b) Barium forms a compound with carbon and oxygen with the following percentage composition

by mass:
Ba, 50.89%; C, 10.67%; O, 28.44%.

Calculate the empirical formula of the compound.

[2]

B 0CR 2008




(c) The reactivity of the Group 2 elements increases down the group. lonisation energy is one
factor responsible for this trend.

(i) Write an equation, with state symbols, to represent the first ionisation energy of barium.

...................................................................................................................................... [2]
(ii) State and explain the trend in first fonisation energies in Group 2.
...................................................................................................................................... [4]
(d) The Group 2 elements become more reactive down the group.
The Group 7 elements become less reactive down the group.
{i) Explain this difference between Group 2 and Group 7.
................................................................................................. [3]

(ii) A student bubbled chicrine gas through a colourless aqueous solution of potassium
iodide. The solution turned brown ir colour.

Explain what has happenead. Use an equation in your answer.

............ OO OUPURD IO ] |
[Total: 17]

©0OCR 2008 Turn over
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8
In this question, one mark is available for the quality of spelling, punctuation and grammar.

Explain the following.

s Sodium atems are larger than magnesium atoms. [3]
« |odine has a low boiling point but diamond has a high boiling point. [5]
*  Carbon dioxide, methane and water have molecules with different bond angles. [71
s




Quality of Written Communication [1]

[Total: 16]

END OF QUESTION PAPER
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