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This question is about shapes of molecules and ions.

Draw the shape of NCl: and of NCls*

Include any lone pairs of electrons that influence the shape.
Name the shape of NCls

State and explain the bond angle in NCL*

[5 marks]
Shape of NCI: Shape of NCls*
cl
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Name of shape of NCl; __Trigonal p_\jramidal

Bond angle in NCl* 169.5°

Explanation of bond angle in NCls* ineve &Y€ 4 bonding pairS and no long paivs,
So there iS equal repulsion between any 2
bonding pairs

Silicon tetrafluoride (SiF,) is a tetrahedral molecule.

Deduce the type of intermolecular forces in SiF,

Explain how this type of intermolecular force anses and why no other type of
intermolecular force exists in a sample of SiF,

[3 marks]
Intermolecular forces in SiF, Jondon diSpersion 'fOrCQS

Explanation The molecwle is Symmelrical so it 'S non-polay and there

ave no permanent dipole -dipole inferactionS. There areno
hydrogen bonds aS Theve ave no hydvogen present.



This question is about equilibrium.

Sulfur trioxide decomposes to form sulfur dioxide and oxygen at temperature T,
according to the equilibrium shown.

2S0s(g) = 2504(g) + O:(g) AH = +196 kJ mol™

The graph in Figure 4 shows the concentrations of sulfur trioxide and of oxygen over
a period of 6 minutes at temperature Ty

Figure 4
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|I| State the time, to the nearest minute, when equilibrium is first established.

Explain your answer.
[2 marks]

Time 3 minutes

Explanation concentration of 02 and S03 arve constant

@ Sketch on the graph in Figure 4 how the concentration of sulfur dioxide changes over
these 6 minutes at temperature T,
[2 marks]



E The temperature of the mixture was changed to T; and the mixture left to establish a

[o]s][2]

[o]5]{3]

new equilibrium.
In the new eqauilibrium mixture the concentration of sulfur tnoxide was found to be
0.07 mol dm™

Deduce which of Ty and T; is the higher temperature.
Explain your deduction.
[2 marks]

Higher temperature T !

Explanation The forward reaction iS endothermic. Ai higher temperature,
equilibrivm shifts o The right §o concentration of SO3 is lowev.

This question is about Group 2 elements and their compounds.

Explain why the melting point of magnesium is higher than the melting point of
sodium.

Magne Sivm has a higher nuctear charge and more delocaliSed [2 marks]
electron8. There i8S a Stronget attraction between the nuclens and delocalised

electrons. Metellic bonds ave Stronger Sc move energy s required o break

them.
Give an equation to show how magnesium is used as the reducing agent in the
extraction of titanium.
Explain, in terms of oxidation states, why magnesium is the reducing agent.
[2 marks]

Equation

TiCly + 2Mg —> 2MgGCla + Ty

Explanation MganeSium has an oxidaticn State of +2 , which i lower
J
than titanium (1)

State what is observed when dilute aqueous sodium hydroxide is added to separate
solutions of magnesium chloride and barium chloride.
[2 marks]

Observation with magnesium chloride  white precipitate forms

Observation with barium chioride _ no_precipitate formed
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Chlorine is used to decrease the numbers of microorganisms in water.
When chlorine is added to water, there is a redox reaction, as shown by the equation

Cl, + H,O = HCIO + HCl

Deduce the oxidation state of chlorine in HCLO and the oxidation state of chlorine in
HCl

[1 mark]
+) -2
Oxidation state of chlorine in HCLO +1
+)
Oxidation state of chlorine in HCL -1

Give two half-equations to show the oxidation and reduction processes that occur in
this redox reaction.
[2 marks]

' -
Oradation half-equation /2 Cly+ Ha0 > HoCl + H* + €

\
Reduction half-equation [ 2Clg + e~ = Ci

This question is about atomic structure.

There is a general trend for an increase in ionisation energy across Period 3.
Give one example of an element that deviates from this trend.

Explain why this deviation occurs.
[3 marks]

Element A\

Explanation +he outermoSt electron being removed is in the 3p orbital

which i3 ot a higher energy leve] then 35 orbital , So 1¢8S €nergy

15 required to remove am electvon from Al

Give an equation, including state symbols, to represent the process that occurs when
the third ionisation energy of sodium is measured.

[1 mark]

Na** (9) > No*' (q) + e~



E Figure 1 shows the successive ionisation energies of a Period 3 element, X.

Figure 1
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|dentify element X.

Explain your choice.
[3 marks]

Element pPhoSphGrous

Explanation Theve iS a huge difference between 5th and 6*" jonisation
enevqies. Phos;hovws have 5 electrons in the outermost shell.
when the 61h electron is Temoved , it is Yemoved from a ghell neaver
to the nuclews S0 theve is 1SS shieiding effect and """"""
attraction Yo ihe electron is STronger. Move enevgy 15 Teqy

ired.



@ Solid sodium iodide reacts with concentrated sulfuric acid to form iodine and sulfur in
a redox reaction.

Give a half-equation to show the conversion of iodide ions to iodine.

Give a half-equation to show the conversion of sulfuric acid to sulfur.

Give an overall eqguation for this redox reaction.

|dentify one other sulfur-containing reduction product formed when solid sodium iodide
reacts with concentrated sulfuric acid.

[4 marks]

Half-equation for the conversion of iodide ions to iodine

217 = 1, + 2e”

Half-equation for the conversion of sulfuric acid to sulfur

H2804 +6H +be” > S+ 4H,0

Overall equation

61- + Ha SOy +6H+ = 3I,+ §+Y4H, 0

Other sulfur-containing reduction product
NaHSOy

A student completes an experiment to determine the percentage by mass of
sodium chloride in a mixture of sodium chloride and sodium iodide.

The student uses this method.

600 mg of the mixture are dissolved in water to form a solution.

An excess of aqueous silver nitrate is added to the solution. This forms a
precipitate containing silver chloride and silver iodide.

Excess dilute ammonia solution is then added to the precipitate. The silver chloride
dissolves.

The silver iodide is filtered off from the solution, and is then washed and dried.

The mass of the silver iodide obtained is 315 mg



@ Silver nitrate is added to the solution.

Suggest why an excess is used.

To ensure that all of sodium chloride and Sedium [1 mark]
jodide has completely reacted

E Calculate the amount, in moles, of silver iodide obtained.

M:(Agl) = 234.8
M [1 mark]
moles = My
0.315
T q3%.8

= 1.3%x10°* mol

-3
Amount of silver iodide "34 x 10 mol

@ Calculate, using your answer to Question 07.4, the mass, in grams, of sodium iodide
in the mixture.

M,(Nal) = 149.9

1 K
Nal+ AGNOy => NaNO; + Agl [1 mark]
mote ratio of Nal: Agl
[
MaSSs Mrx n

149.9 x(1-34%1073 )

[}

= (.200 8663
4 0.201g Mass of sodium iodide _ 0.201 g
@ Calculate, using your answer to Question 07.5, the percentage by mass of
sodium chlonde in the mixture.
[2 marks]
0-20( . °
100 - (57 X IOO) = 66-5 °/,

o
Percentage of sodium chlonde 66.5 /o




Which sample, measured at room temperature and pressure, contains the greatest

number of the stated particles?

A 1 g of hydrogen molecules = G.S mol of H 3y
B 1g of helium atoms = 0.5 mol of He

@1 dm? of hydrogen molecules = I mel of Ha

o] [o] [o] [o]

D 1dm’ of helium atoms = | mol of He

5.0 g of an oxide of molybdenum contain 4.0 g of molybdenum.

What is the empirical formula of this oxide’?

L 0.0625
O: 37 = 0.0625 == <y
A MoO; y [=]
Mo : —— s 0
B Moo qsq4 0041 =]
C)Mo,0: Mo : O [=]
1 : 1.5
D Mos0; 2 :3 =]

Which property would you expect the element radium, Ra, to possess?

A It forms a soluble sulfate.
B It does not react with water.
( C )\t is a good conductor of electricity.

D It forms a covalent fluonde.

o] [o] [o] o

[1 mark]

[1 mark]

[1 mark]



E@ Which equation does not represent a redox reaction?

A Mg + 2ZHCl — MgCl; + H;
B CH, + 20, — C0O; + 2H,0
C Fe + CuS0O, — FeS0Q, + Cu

2 -2 -1 42 ") -2
( D)CUO + 2HCl — CuCly; + H,O

+3 2
II@ NO;™ ions can be reduced in acidic solution to NO
How many electrons are gained when each NOz™ ion is reduced?

(A)

B 2
c3

D 4

IIIII How many protons are there in 6.0 g of nitrogen gas?
Avogadro constant, L = 6.022 x 10* mol™

6
N*2%
@1.3::;1[123 =]

= 0-21% mo)
B 90x10¢

C 1.8x10*

[o] []

D 3.6x10%

[1 mark]

o] [o] Lo] [o]

[1 mark]

o] [o] o] [o]

[1 mark]

0.21426.022%x1023: 1.2887 %1023
4 1.3x%)023



