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(a) (i) Complete the electron arrangement of the selenium (Se) atom.
2

(1 mark)

(a) (ii) State the block in the Periodic Table to which selenium belongs. Explain your
answer.

Explanation ...

{2 marks)
(b) (i) State what is meant by the term mass number of an atom.

T mark)

(b) (ii) Deduce the symbol, including the mass number, of an atom that has four fewer
protons and four fewer neutrons than an atom of 7®Se
{2 marks)

(c) (i) Explain how atoms are ionised in a mass spectrometer.

(2 marks)
(c) (i1) State how the ions are detecled when they collide with the detector in a mass

spectrometer.

T mark)
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(d) The table below gives the relative abundance of each isotope in a mass spectrum of a
sample of selenium.

m/z 16 78 a0 82

Relative abundance (%) 11.2 238 49.8 15.2

Use these data to calculate the relative atomic mass of this sample of selenium. Give
vour answer to one decimal place.

(2 marks)
(Total 11 marks)

(a) State the meaning of the term firs? ionisation energy of an atom.

{2 marks)

(b) Explain why there is a general increase in the first ionisation energies of the Period 3
elements Na to Ar

{2 marks)
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(c) State how the first ionisation energy of sulphur deviates from the general trend in
parl (b). Explain your answer.

Deviation of sulphur from the general Irend ...........ccccoomiiioeiiiieccciiieecccciie s sisaae e

EXPIARATION <o sm e eree s

{3 marks)

(d) (1) Draw the shape of a BF; molecule and the shape of a H>S molecule. In each
case show any lone pairs of electrons.

BF; H>5

(d) (ii) Explain why a BF; molecule has the shape you have drawn.

(4 marks)
(e) Hydrogen sulphide, HaS, reacts with boron trifluoride, BFs, to form compound A.

Predict the value of the H-S-H bond angle in compound A.

(Total 12 marks)
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Sodium carbonate neutralises hydrochloric acid as shown in the equation below.
Na,CO; + 2HCl — 2NaCl + H;O + CO,

(a) Sodium carbonate is used to neutralise a 100 cm’ sample of 1.75 mol dm ™
hydrochloric acid.

(i) Calculate the number of moles of HCI in the 100 cm’ sample of 1.75 mol dm™
hydrochloric acid.

(ii) Deduce the number of moles, and hence calculaie the mass, of Na,CO,
(M; = 106.0) required to neutralise this sample of hydrochloric acid.

Moles 0f NazCO 3 ooeeievisseiesssesessssssssssssssssssssssssssssssssssssnss

MASS Of NAGUT g e ssas e rsaa e e a s s s aae e naa e s s e nana s e s nansnnnnne

(3 marks)
(b) Hydrated sodium carbonate has the formula Na,CO5.10H,0

(i) Calculate the percentage, by mass, of NaaCOs in hydrated sodium carbonate.

(ii) Calculate the mass of hydrated sodium carbonate required to neutralise (0.267 mol
of hydrochloric acid.

(4 marks)
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{c) A sample of sodium carbonate reacted with hydrochloric acid to produce
7.75 % 102 mol of CO,

State the ideal gas equation and use it to calculate the volume of CO; produced, at
208 K and 101 kPa, in this reaction.

Jdetl BAS EGUATION .ovovveereeereesersecrserreerserssssse s sessss s me s s e s as s e e saesme st cenessaesanssassansrssernis

Virlume of COz PROGUECCH <....oeoveeeeeeeee et e e e e e s am e e e e ee e sassnnnnnes

;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;

;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;

(4 marks)
(Total 11 marks)

4, (a) The table below gives the melting point for each of the Period 3 elements Na - Ar.

Element Na Mg Al S P 5 Cl Ar
Melting point/K 371 | 923 | 933 | 1680 | 317 | 392 | 172 34

In terms of structure and bonding, explain why silicon has a high melting point, and why
the melting point of sulphur 1s higher than that of phosphorus.
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{(b) Draw a diagram to show the structure of sodium chlonde. Explain, in terms of bonding,
why sodium chloride has a high melting point.

(4)
(Total 11 marks)

(a) The boiling point of H>0 is 373 K and that of H,5 is 212 K.

(i) MName the strongest type of intermolecular attraction present in water.

(i1) MName the strongest type of intermolecular attraction present in hydrogen
sulphide.

(i) Explain why the boiling point of water is so much higher than that of hydrogen

sulphide.

(4 marks)
(b) Define the term electronegativity.
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(¢) State and explain the trend in electronegativity down Group 1l from Be to Ba.
THFEIE ottt ettt et s s b s i e R e e R

FEXPUARATEOR <ooeevvieeiiieeeiiiticeeeieiecassenecen et sen st se s ese s e b s ames e nesmemben st it e s e b st s s sassessassan

(3 marks)
(Total 9 marks)
Nitrogen dioxide dissociates according to the following equation.
2NO,(g) == 2NO(g) + Oa(g)

When 5.75 g of nitrogen dioxide were heated to a constant temperature, T, in a flask of
volume 5.0dm’, an equilibrium mixture was formed which contained 1.60¢g of oxygen.

{a) (i) Calculate the amount, in moles, of oxygen present in this equilibrium mixture
and deduce the amount, in moles, of nitrogen monoxide also present in this
equilibrium mixture.

Moles of Oz al @QUITIBITUT ..o e e aae e e nneaas

Moles of NO at equiliBritdm ...

(a) (ii) Calculate the amount, in moles, in the original 5.75 g of nitrogen dioxide and
hence calculate the amount, in moles, of nitrogen dioxide present in this
equilibrium mixture,

Original moles of NOz oo

Moles of NO; @l @quiliBrillifn ............ccooiiiiiiiiieeaeeiie et

{4 marks)
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(b) Write an expression for the equilibrinm constant, K., for this reaction. Calculate the
value of this constant at temperature 7" and give its units.

EXPresSion JOr Ko et eaeaaeaana e

L T T

(4 marks)

(c) State the effect on the equilibrium yield of oxygen and on the value of K. when the
same mass of nitrogen dioxide is heated to the same temperature T, but in a different
flask of greater volume.

VIEIE OF DXVEEI oooiiiieieeiieeeeiisseseesssseessss e ee s enseee e ssseseeesssmse e sssssee e s snae e s snse e ssnneeessnnes

VIIHE OF K oottt ettt st st s s sa st eaae e
(2 marks)
(Total 10 marks)

(a) Deduce the oxidation state of S in S(}_;f' and in S{ﬁ_
Oxidation state of S in .E-‘ch;:

OXIdATION SIALE OF S T SO5 oo s ees e
{2 marks)
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(b) A redox reaction occurs when Cl; reacts with SD%_ ions in aqueous solution.

(a)

(b)

(i) Write a half-equation for the conversion of Cl; into CI” ions.

(iii) Hence, write an overall equation for the reaction between Cl; and SU% ions.

{iv) Deduce the role of SD_%_ ions in this overall reaction.

{4 marks)
(Total 6 marks)

State the trend in atomic radius down Group II from Mg to Ba and give a reason for this
trend.

Ba.
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{c) State the trend in reactivity with water of the elements down Group II from Mg to Ba.
Write an equation for the reaction of magnesium with steam and an equation for the
reaction of strontmum with water.

Equation for BaEMESTUR ..o

Equation for Stromtiii_ e

(d) Sulphates of the Group II elements from MEZ to Ba have different solubilities. Give the
formula of the least soluble of these sulphates and state one use that depends upon the
mnsolubility of this sulphate.

(Total 10 marks)
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