1. (@) By referring to electrons, explain the meaning of the term oxidising agent.

@)
(b)  For the element X in the ionic compound MX, explain the meaning of the term oxidation
state.
@)
(c) Complete the table below by deducing the oxidation state of each of the stated elements
in the given ion or compound.
Oxidation state
Carbon in CO %
Phosphorus in PCI
Nitrogen in MgsN,
®)
(d) Inacidified aqueous solution, nitrate ions, NO , , react with copper metal forming
nitrogen monoxide, NO, and copper(Il) ions.
(i)  Write a half-equation for the oxidation of copper to copper(ll) ions.
(i)  Write a half-equation for the reduction, in an acidified solution, of nitrate ions to
nitrogen monoxide.
(iii)  Write an overall equation for this reaction.
@)

(Total 8 marks)
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5. (@)  The following is an equation for a redox reaction.

2NO + 12H" + 101" —» 2NH," + 2H,0 + 5l,

(i)  Define oxidation in terms of electrons.
(ii)  Deduce the oxidation state of nitrogen in NO and of nitrogen in NH,"
Oxidation state of NItrogen iIN NO ..o
Oxidation state of NItrogen iN NH ™" ..o
(iii)  Identify the species formed by oxidation in this reaction...............ccccccevvrvnnenns
(4)
(b)  When chlorine gas is bubbled into an aqueous solution of sulphur dioxide, hydrogen ions,
sulphate ions and chloride ions are formed.
(i)  Write a half-equation for the formation of chloride ions from chlorine.
(i)  Write a half-equation for the formation of hydrogen ions and sulphate ions from
sulphur dioxide and water.
(iii)  Hence, deduce an overall equation for the reaction which occurs when chlorine is
bubbled into aqueous sulphur dioxide.
@)
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6. (@ Interms of electrons, what happens to an oxidising agent during a redox reaction?

@)
(b)  Consider the following redox reaction.
SOa(aq) + 2H20(I) + 2Ag*(aq) — 2Ag(s) +(aq) + 4H"(aq)
(i) Identify the oxidising agent and the reducing agent in this reaction.
(@) ([0 T T - Lo (=] | SRS
[T (UL [T = To < o ST
(i)  Write a half-equation to show how sulphur dioxide is converted into sulphate ions in
aqueous solution.
®)
(© Fe* ions are oxidised to Fe* ions by CIOj3 ions in acidic conditions. The CIO3 ions are
reduced to CI” ions.
(i)  Write a half-equation for the oxidation of Fe?* ions in this reaction.
(if)  Deduce the oxidation state of chlorine in ClO3 ions.
(iif)  Write a half-equation for the reduction of ClO3 ionsto CI ions in acidic conditions.
(iv) Hence, write an overall equation for the reaction.
(4)

(Total 8 marks)

Mill Hill High School 3



7. (@ Inacidic conditions, hydrogen peroxide, H,O,, oxidises iodide ions to iodine. The
hydrogen peroxide is reduced to water. In H,O,, oxygen has an oxidation state of —1.

(i)  Construct a half-equation for the reduction of hydrogen peroxide to water in acidic
conditions.

(i)  Construct a half-equation for the oxidation of I” ions to iodine.

®)

(Total 12 marks)

8. Chlorine and bromine are both oxidising agents.

(@) Define an oxidising agent in terms of electrons.

@)

(b)  Inaqueous solution, bromine oxidises sulphur dioxide, SO,, to sulphate ions, SO3"

(i)  Deduce the oxidation state of sulphur in SO, and in

(i)  Deduce a half-equation for the reduction of bromine in aqueous solution.
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(iii) Deduce a half-equation for the oxidation of SO, in aqueous solution forming and H*
ions.

(iv)  Use these two half-equations to construct an overall equation for the reaction
between aqueous bromine and sulphur dioxide.

(®)
(c)  Write an equation for the reaction of chlorine with water. Below each of the
chlorine-containing products in your equation, write the oxidation state of chlorine in that
product.
®)
(d) Give areason why chlorine is not formed when solid potassium chloride reacts with
concentrated sulphuric acid.
1)
(e)  Write an equation for the reaction between solid potassium chloride and concentrated
sulphuric acid.
1)
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() Solid potassium bromide undergoes a redox reaction with concentrated sulphuric acid.
(i)  Give the oxidation product formed from potassium bromide.

(i)  Give the reduction product formed from sulphuric acid.

)
(Total 13 marks)

9. (a)  State the trend in the boiling points of the halogens from fluorine to iodine and explain
this trend.

(4)

(b) Each of the following reactions may be used to identify bromide ions. For each reaction,
state what you would observe and, where indicated, write an appropriate equation.

(i)  The reaction of aqueous bromide ions with chlorine gas
ODBSEIVALION ..ot

0[N =L o] oSSR
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10.

11.

Mill Hill High School

(©)

(a)

(b)

(©)

(a)

(ii)

(iii)

The reaction of aqueous bromide ions with aqueous silver nitrate followed by
the addition of concentrated aqueous ammonia

Observation with aqueous SHIVEr NItFrate .........ccccecveveveec e
0[N U o] oSSR
Observation with concentrated aqueous ammONIa .........ccceevereererereeneereenenan.
The reaction of solid potassium bromide with concentrated sulphuric acid

ODSEIVALION L ...

OBSEIVALION 2 ..ottt ettt e e e e e et e e e e eeeeeeeeannneeeeeesaanes

Write an equation for the redox reaction that occurs when potassium bromide reacts
with concentrated sulphuric acid.

Describe and explain the trend in the boiling points of the elements down Group VII from

U]

2

(Total 13 marks)

fluorine to iodine.

Describe what you would observe when aqueous silver nitrate, followed by dilute aqueous
ammonia, is added to separate aqueous solutions of sodium chloride and sodium bromide.

State the trend in the oxidising abilities of the elements down Group VII from chlorine to

iodine.

Explain how this trend can be shown by displacement reactions between halogens and
halide ions in agueous solutions.

Illustrate your answer with appropriate observations and equations.

Explain, by referring to electrons, the meaning of the terms reduction and reducing agent.

(4)

(4)

(7

(Total 15 marks)



12.

(b)

(©)

(a)

(b)

(©)

O]

lodide ions can reduce sulphuric acid to three different products.

(i)  Name the three reduction products and give the oxidation state of sulphur in each of
these products.

(i)  Describe how observations of the reaction between solid potassium iodide and
concentrated sulphuric acid can be used to indicate the presence of any two of these
reduction products.

(iii)  Write half-equations to show how two of these products are formed by reduction of

sulphuric acid.
(10)

Write an equation for the reaction that occurs when chlorine is added to cold water. State
whether or not the water is oxidised and explain your answer.

@)
(Total 15 marks)

State the trend in electronegativity of the elements down Group VII. Explain this trend.

®)
(i)  State the trend in reducing ability of the halide ions down Group VII.
(i)  Give an example of a reagent which could be used to show that the reducing ability
of bromide ions is different from that of chloride ions.
)

The addition of silver nitrate solution followed by dilute aqueous ammonia can be used as a
test to distinguish between chloride and bromide ions. For each ion, state what you would
observe if an agueous solution containing the ion was tested in this way.

Mill Hill High School 8



(4)
(d)  Write an equation for the reaction between chlorine and cold, dilute aqueous sodium
hydroxide. Give two uses of the resulting solution.
0 U o ST
USE L ittt r et nn e
USE 2 e
@)

(Total 12 marks)

13. (a) Identify the halogen that is the strongest oxidising agent.

@)

(b)  Give the formula of the halide ion that is the strongest reducing agent.

@)

Mill Hill High School 9



(c) Describe what you would observe in each case when aqueous silver nitrate is added
separately to dilute aqueous sodium fluoride and to dilute aqueous sodium iodide. Write an
equation, including state symbols, for the reaction between aqueous sodium iodide and
aqueous silver nitrate.

Observation With NaF(A0) ......cocveeeiereieeeeee e
Observation With NaI(B0) .. ..coceoveeriiiieieee e

BEQUALION ... bbb
®)

(d) Describe what you would observe when concentrated sulphuric acid is added to solid
sodium chloride. Write an equation for the reaction that occurs.

(@] o1y V7= (o] [T RRTTTRRTTRTI

EQUALION .ot bt re e e
)

(e)  Describe two observations that you would make when concentrated sulphuric acid is added
to solid sodium iodide. Write an equation for a reaction that occurs in which iodide ions are
oxidised by the sulphuric acid.

L@ 0 T=T V= 1 (oo I PSS

(@) 0= V7211010 1R

BEQUALTON <.ttt sttt ettt et ne e nean

(4)

(f)  Describe the colour change that you would observe when an aqueous solution of iodine, to
which starch solution has been added, reacts with an excess of Na,S,03. Write an equation
for the reaction that occurs between iodine and Na,S,0s.

(@] o 1Y=] A VZ-1 (o] o [T RRTTPRRTTRRI
EQUALION <. ettt nre e nas

@)
(Total 14 marks)

14.
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(@) State and explain the trend in electronegativity down Group VII from fluorine to iodine.

®)

(b)  State what you would observe when chlorine gas is bubbled into an aqueous solution of
potassium iodide. Write an equation for the reaction that occurs.

(@] o1y V721 1o [T

0 U2 o o USSP
)

(c) Identify two sulphur-containing reduction products formed when concentrated sulphuric
acid oxidises iodide ions. For each reduction product, write a half-equation to illustrate its
formation from sulphuric acid.

Reduction ProdUCT 1 ......ooiieeece e
[ Fo L =T [T U1 o] USROS

ReduCtion ProdUCTE 2 ...

Half-8QUALTON .ot eneas
(4)
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(d)  Write an equation for the reaction between chlorine gas and dilute aqueous sodium
hydroxide. Name the two chlorine-containing products of this reaction and give the
oxidation state of chlorine in each of these products.

EQUALTION oot aenre e
NamMe OF PrOAUCE L ..ottt sttt n e neenneas
Oxidation state of chlorine in product 1 ..o
NAME OF PrOUUCT 2 ...ttt
Oxidation state of chlorine in product 2 ..o

(5)
(Total 14 marks)

16.

(a)  State and explain the trend in electronegativity down Group VII from fluorine to iodine.

®)

17. (a) Concentrated sulphuric acid can be reduced by some solid sodium halides to H,S

(i)  Give the oxidation state of sulphur in H,S

(i)  Give one solid sodium halide which will reduce concentrated sulphuric acid,
forming H,S

Mill Hill High School 12



(iii)  State one way in which the presence of H,S could be recognised.

(4)
(b) A different solid sodium halide reacts with concentrated sulphuric acid without reduction
forming a halogen-containing product X.
(i)  Suggest an identity for X.
(if)  Identify the solid sodium halide which produces X.
(iii)  State the role of sulphuric acid in the formation of X.
(iv) Write an equation for the reaction with concentrated sulphuric acid in which X is
formed.
(4)

(Total 8 marks)

18. (a) State and explain the trend in the electronegativities of the halogens from fluorine to iodine.
TIENG. e

EXPIANALION. ...cveieiiiicc e

®)
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(b)  When either solid potassium bromide or solid potassium iodide reacts with concentrated
sulphuric acid, a mixture of gases is evolved. In each case, one of the gases is produced by
oxidation.

(i)

(i)

(iii)

Give the formula of the oxidation product formed in each reaction and state how this
product would be observed.

Oxidation product USING KBI(S). ....ccouririririeisisisie e
ODSEIVALION. ...ttt bbbt
Oxidation product USING KI(S). ..cvevveieiiiieie e

(@] o1Y=] V7= 1 (0] TR U TP ORRRRRRTURPPPRRT

State all the reduction products formed in these reactions and state which are formed
in the reaction with Kl, but not in the reaction with KBr.

REAUCLION PrOGUCTS. ......eeviieiieiiiii st

Identify the other gaseous products formed in these reactions. State the type of
reaction by which they are produced.

(@1 3T=T gl o] T [FTox (SRR

(11)

(Total 14 marks)

19. (i) Explain the trends in first ionisation energy and electronegativity down Group II.

(i)  Discuss two ways in which beryllium is an atypical member of Group II.

Mill Hill High School
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20. (@ When using silver nitrate to test for the presence of chloride ions in an agueous solution, it
is important to add another reagent to prevent interference by any carbonate ions which
would form a white precipitate of Ag,CO3

(i)  Identify this other reagent.

(i)  Write an equation to show how this other reagent reacts with sodium carbonate.

O]

(b)  The presence of some halide ions in solution can be detected using aqueous silver nitrate
and agueous ammonia.

(i) Identify a halide ion which, on addition of aqueous silver nitrate, forms a precipitate
that is insoluble in concentrated agueous ammonia.

(if)  Identify a halide ion which cannot be detected using these reagents.

O]

(c) A mixture of two precipitates, P and Q, was formed by adding aqueous silver nitrate to a
solution containing two different halide ions. Precipitate P dissolved on addition of an
excess of dilute aqueous ammonia. The remaining precipitate, Q, was filtered off.

(i)  Identify the halide ion in P.

(i)  Precipitate Q was soluble in concentrated aqueous ammonia. Identify the halide ion

in Q.

)
(Total 6 marks)
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21. (a) State what you would observe on adding aqueous chlorine to separate aqueous solutions of
sodium bromide and sodium iodide. Write equations for the reactions occurring.

(4)
(b)  State what you would observe on adding concentrated sulphuric acid to separate solid
samples of sodium bromide and sodium iodide. In each case, identify all the reduction
products. Using half-equations, construct an overall ionic equation for the oxidation of
bromide ions by concentrated sulphuric acid.
(9)

(Total 13 marks)
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24.  Describe how you could distinguish between separate solutions of sodium fluoride, sodium
chloride, sodium bromide and sodium iodide using separate solutions of silver nitrate and
ammonia.

Predict the effect of concentrated ammonia solution on silver astatide, AgAt, and explain your

answer.
(Total 9 marks)

25. (a) State the trend in oxidising power of the halogens chlorine, bromine and iodine.

@)
(b)  State what would be observed if aqueous bromine were to be added separately to samples
of aqueous potassium chloride and aqueous potassium iodide. Write an ionic equation for
any reaction occurring.
Observation with aqUEOUS KCl ........ccccveiiiiiiieieie s
Observation With aqUEOUS Kl ........c.oviiiiiiie e
o] T o=l U T L1 o] o TP
@)
(c)  Whenchlorine is dissolved in cold water a pale-green solution, chlorine water, is formed. A
piece of universal indicator paper, dipped into chlorine water, first turns red and then
becomes white.
(i)  Give the formula of the species responsible for the green colour of chlorine water.
(i) Write an equation for the reaction between chlorine and cold water.
(iii)  Explain the colour changes observed when universal indicator paper is dipped into
chlorine water.
(4)
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(d)  Write an equation for the reaction that occurs when chlorine is bubbled into cold, dilute
aqueous sodium hydroxide.

(1)
(Total 9 marks)

26. (@ A whitesolid, A, gives a brick red colour in a flame test.

When aqueous silver nitrate is added to an aqueous solution of A, a precipitate B is formed.
B is insoluble in concentrated aqueous ammonia.

When aqueous chlorine is added to aqueous A, a brown solution containing element C is
formed.

Agueous starch is added to the brown solution and a blue-black colouration appears.

The blue-black solution turns colourless when an aqueous solution of D is added. This
reaction may be used in a titration to find the concentration of element C.
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(i)  Suggest the names or formulae for the substances represented by A, B, C and D.

SRS
B bbb
K et bR bbbttt
5 SRS
)
(i)  Write an equation for the reaction between A and aqueous silver nitrate.
1)
(b)  The table below gives the solubilities of two Group 2 sulphates at 293 K. The units of
solubility are g solute in 100 g water.
Compound Solubility
MgSO, 33
BaSO, 0.00024
(i)  State two factors which influence the solubilities of MgSO, and BaSO, at 293 K.
Hence explain the different solubilities of MgSO,4 and BaSO,.
®)
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(i)  When aqueous magnesium sulphate is added to aqueous barium hydroxide, a white
precipitate is formed. Write an ionic equation, including state symbols, for the
reaction that involves barium ions.

)
(¢)  When concentrated sulphuric acid is added to each of the solid sodium halides NaCl and
NaBr, a displacement reaction occurs and a hydrogen halide is formed. With NaBr, a
further reaction takes place. This involves redox.
(i)  Write an equation for the reaction which leads to the formation of HCI.
1)
(i)  HBr can reduce sulphuric acid to form a gaseous product which contains sulphur.
Give the formula of the sulphur containing compound that is produced and state the
oxidation number of sulphur in the compound.
Compound .......cccceveveieeieeeeen, Oxidation NUMDEr ........ccccevvvevieernenne.
)
(iii) Complete and balance the equation for the redox reaction which occurs between
hydrogen bromide and sulphuric acid.
HBr + H,SO, —»
)
(iv) State what you would observe when concentrated sulphuric acid is added to sodium
bromide.
1)

(Total 16 marks)
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27. (@) Explain, with reference to electron transfer, what is meant by the term oxidising agent.

1)
(b)  State and explain the trend in oxidising power of the halogens fluorine to iodine.
TEENG <ottt bbbt
o] = g T= 1 4] SRS
®)
(c) A redox reaction occurs when an aqueous solution of potassium iodide is mixed with an
aqueous solution of chlorine.
(i)  State the colours of the original separate solutions and the colour of the mixture.
Colour of aqueous potassium i0dide ........c.cccevviiviieriesieseee e
Colour of aqUeOUS ChIOFINE .......coiiieiee e e
Colour Of the MIXTUIE .....coiiieeeee e
2
(i)  Write an equation for the reaction.
1)
(iii)  Identify the reducing agent in this reaction.
@)
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(iv)  Write half-equations (ion-electron equations) to show the reaction of the oxidising
agent and the reaction of the reducing agent.

Half-equation for the oxidising agent

)
(d) Inthe presence of a strong acid, the 103 ion is a powerful oxidising agent. The
half-equation (ion-electron equation) for this process is shown below.
103 (ag) + 6H"(aq) + 56~ — 3 I»(aq) + 3H,0(1)
Under acidic conditions, 10 ;3 will oxidise iodide ions to iodine.
(i)  Deduce the oxidation numbers of iodine in 10 3, I” and I,.
Oxidation number of I0diNe IN 1O 3 ..oiiviiiiiiccie e
Oxidation number of 10dINe IN 17 .....oviiiiiic
Oxidation number of I0diNE IN Iy ..ccvcviiiie e
@)
(i) Write an ionic equation to show the reaction between aqueous solutions of K103 and
K1 under acidic conditions.
)

(Total 15 marks)
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28.

29.

(a)

(b)

(©)

(a)

(b)

Explain why the boiling temperatures of the halogens increase down Group VI
from fluorine to iodine

2
State how, and explain why, the reducing powers of the halide ions change down
Group VII from fluoride to astatide.

(4)
Use your knowledge of the reactions of solid sodium chloride, bromide and iodide to
predict the gaseous products formed when concentrated sulphuric acid is warmed with
solid sodium astatide. Identify the role of the astatide ion in the formation of each gaseous
product and write equations for the reactions occurring.

(9)

(Total 15 marks)

State and explain the trend in electronegativity of the halogens down Group VII.

(4)
State and explain the trend in boiling points of the halogens down Group VII.
TN
EXPIANALION. .......oiiiiccc e e e

@)

(Total 7 marks)
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30.

(a)

(b)

(©)

(i)  Give the meaning of the term electronegativity.

(i)  Explain why the electronegativity of the halogen atoms decreases from fluorine to
iodine.

@)
How, if at all, does the decrease in electronegativity from fluorine to iodine affect the
polarity of the bond between two identical halogen atoms in a halogen molecule? Explain
your answer.
Effect 0N DONG POIAIILY ..o
EXPIANALION ...t
)

When concentrated sulphuric acid is added to separate samples of solid sodium bromide or
sodium iodide and warmed, a mixture of gases is evolved. Some of these are reduction
products of sulphuric acid.

(i)  Give the formula of each gaseous reduction product of sulphuric acid formed using
these two halides.

Gaseous reduction product(s) of H,SO,4 using NaBr
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(i)  What other gases are evolved in these reactions? How if at all could they be
recognised?

(9)
(Total 14 marks)

31. (@) The following are the reduction products formed when solid sodium iodide is heated with
concentrated sulphuric acid:

S H,S S0,

(i)  Inwhich of these products has the sulphur from sulphuric acid undergone least
reduction?

(i)  Inwhich of these products has the sulphur sulphuric acid undergone most reduction?

O]

(b) (i)  Write a half-equation for the conversion of HlI into I,

(ii)  Write a half-equation for the conversion of H,SO, into H,S in the presence of H*
ions.

(iii)  Write a half-equation for the conversion of H,SO, into SO, in the presence of H*
ions.
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(iv)  Use your answers to parts (i), (ii) and (iii) above to construct an overall equation for
the simultaneous formation of one mole of H,S and one mole of SO, in the reaction
of HI with H,SO,

©)
(c)  Write an ionic equation for the reaction which occurs when chlorine gas is bubbled into
cold dilute sodium hydroxide and give a commercial use for the product of this reaction.
0 U o PSSR
COMMETCIAN USE.....c.eiieeeiceiite e
)

(Total 9 marks)

32. (@ (i) State andexplain the trend in oxidising ability of the elements down Group VII from
chlorine to iodine.

(i)  Explain how an aqueous solution of chlorine can be used to differentiate between
separate aqueous solutions of sodium chloride, sodium bromide and sodium iodide.
State what would be observed in each experiment and write equations for the
reactions which occur.

(13)
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33.

34.

(b)

(a)

(b)

(a)

A commercial bleach contains sodium chlorate(l). A 10.0 cm?® sample of this bleach was

diluted to 250 cm?® in a volumetric flask. When a 25.0 cm® portion of the solution produced
was added to an excess of acidified potassium iodide, iodine was produced. On titration,

this iodine reacted exactly with 23.0 cm? of 0.100 M sodium thiosulphate.

(i)  Write equations for the reaction of the chlorate(l) ion with iodide ions in the

presence of H" ions and for the reaction of iodine with sodium thiosulphate and
describe what you see at the end point of the titration. Name a suitable indicator for
this reaction.

(i)  Calculate the concentration of sodium chlorate(l) in the original solution
in mol dm™.

(17)

(Total 30 marks)

How can the addition of an aqueous solution of chlorine be used to distinguish between
aqueous solutions of sodium bromide and sodium iodide?
State any observations you would make and write equations for the reactions occurring.

How can reactions with concentrated sulphuric acid be used to distinguish between solid
samples of sodium bromide and sodium iodide?

State the observations you would make and give all the oxidation and reduction products
formed in both reactions. Using half-equations, construct an overall equation for one of
these redox reactions.

(4)

(11)

(Total 15 marks)

(i)  State the trend in the boiling points of the halogens from fluorine to iodine.

(i)  Explain this trend.

Mill Hill High School
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(iii)  Give the physical states of chlorine, bromine, and iodine at room temperature, and
deduce the likely physical state of astatine at room temperature.

®)

(b) (i) Define reducing agent in terms of electron transfer.

(i)  State and explain the trend in reducing power of the halide ions down Group VII.
Trend iN redUCING POWET .....c..oiuieiiiiieeie ettt ees

EXPIANALION ..o s

(iii)  Justify your answer to part (ii) above by considering changes in the oxidation state of
sulphur in reactions of concentrated sulphuric acid with sodium bromide and with
sodium iodide.

()

(c)  When chlorine is bubbled into cold, dilute aqueous sodium hydroxide, an equilibrium is
established.

(i)  Write an ionic equation for the equilibrium reaction between chlorine and hydroxide
ions.
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(i)  Show that this is a redox reaction by considering the oxidation states of the
chlorine-containing species in the equilibrium mixture.

(iii)  Identify the oxidising agent in the forward direction of the equilibrium and the
reducing agent in the backward direction of the equilibrium.

Oxidising agent in forward direCtioN ...........cocoveiiinineiee s

Reducing agent in backward direCtion ...........ccoeveieiviiieneieeee e
(6)
(Total 18 marks)

35. (a) State and explain the trend in the electronegativity of the halogens down Group VII.

®)
(b)  State and explain the trend in boiling temperatures of the halogens down Group VII.
L]0 PO TSP
EXPIANALION. ...ttt
@)
29
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36.

37.

(c)  The relative molecular masses of bromine, Br,, and iodine monochloride, ICI, are almost
the same, yet their boiling temperatures are quite different. Account for this difference in
boiling temperature.

(4)
(Total 10 marks)

The composition of a mixture of two solid sodium halides was investigated in two separate
experiments.

Experiment (1)

When a large excess of chlorine gas was bubbled through a concentrated solution of the
mixture, orange-brown fumes and a black precipitate were produced.

Experiment (2)

0.545 g of the solid mixture was dissolved in water and an excess of silver nitrate
solution was added. The mass of the mixture of silver halide precipitates formed was
0.902g. After washing the mixture of precipitates with an excess of concentrated
aqueous ammonia the mass of the final precipitate was 0.564g.

Write equations for each of the reactions occurring in these experiments and explain how these
results enable you to identify the halide ions present. Use the information given above to calculate
the percentage by mass of each halide ion present in the solid mixture.
(Total 15 marks)

(@) State the meaning of the term oxidising agent

@)
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(b)  When solid potassium manganate( V11) is heated, it decomposes according to the equation
below.

2KMnO4 — KoMnQ,4 + MnO, + O,
Explain, in terms of the oxidation states, why this is a redox reaction.

®)

(c) Chlorate(l) ions are produced when chlorine is dissolved in cold water.
(i)  Write an equation for this reaction.

(i)  The concentration of chlorate(l) ions in the aqueous chlorine solution can be
increased by the addition of sodium hydroxide. Explain this observation and write an
equation to show the effect of the sodium hydroxide.

EXPIANALION. ...t

(4)
(Total 8 marks)

38.

(b) How would you distinguish between separate solutions of sodium chloride, sodium
bromide and sodium iodide using solutions of silver nitrate and ammonia?

(6)
(Total 15 marks)

39.  This question concerns the chemistry of the Group Il metals Mg to Ba.
An aqueous solution of a Group Il metal chloride, XCl,, forms a white precipitate when dilute
aqueous sodium hydroxide is added. A separate sample of the solution of XCI, does not form a
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precipitate when dilute aqueous sodium sulphate is added.

An aqueous solution of a different Group Il metal chloride, YClI,, does not form a precipitate
when dilute aqueous sodium hydroxide is added. A separate sample of the solution of YClI, forms
a white precipitate when dilute aqueous sodium sulphate is added.

Suggest identities for the Group Il metals X and Y. Write equations, including state symbols, for

the reactions which occur.
(Total 6 marks)

40. (i)  Forthe elements Mg-Ba, state how the solubilities of the hydroxides and the solubilities of
the sulphates change down Group I1.

(i)  Describe a test to show the presence of sulphate ions in an agueous solution.

Give the results of this test when performed on separate aqueous solutions of magnesium
chloride and magnesium sulphate. Write equations for any reactions occurring.

(iii)  State the trend in the reactivity of the Group Il elements Mg—-Ba with water.

Write an equation for the reaction of barium with water.
(Total 11 marks)
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41.

42.

44,

Define the term electronegativity and explain why the electronegativity values of the Group Il
elements Be—Ba decrease down the group.

(a)

(b)

(a)

(Total 4 marks)

There is a trend in the reactivity of the Group Il metals, Be-Ba, with water. State this trend
and give the conditions under which magnesium reacts rapidly with water.

Write an equation to represent this reaction.

Trend B 1O Ba ... ... et e e n e
L070] 110 [ 110101 TP RUPP P P

0 U =1 1 o
®)

Describe what you would observe when a few drops of aqueous sodium hydroxide are
added to aqueous beryllium chloride, followed by a large excess of aqueous sodium
hydroxide. Write equations for the two reactions which occur.

Observation when a few drops are added ..........ccooevvieiieie s e e

01 = 1 o] o P

ODSEIVALION WILN BXCESS ... e et et oottt e e e e e e et e e e e e e s e et eeeeee e ee e e e eeeanes

(4)
(Total 7 marks)

A small sample of barium metal was added to water in a flask. When the reaction had
ceased, the contents of the flask were treated with a small amount of dilute agueous sodium
sulphate.

Describe all that you would observe and write equations, with state symbols, for the
reactions that occur.

(®)
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(b)  Dilute sodium hydroxide solution was added dropwise until in excess to separate dilute
aqueous solutions of beryllium chloride, magnesium chloride and barium chloride.

Describe what you would observe in each case and account for your observations.
)

(¢) (i) A naturally occurring compound of calcium contains by mass 23.29% of
calcium,18.64% of sulphur and 2.32% of hydrogen, the remainder being oxygen.

Determine the empirical formula of this compound.

(i)  For any compound, what is the relationship between empirical and molecular
formula? What additional information is required to determine a molecular formula
from an empirical formula?
(5)
(Total 21 marks)
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45. (a)

(b)

When calcium and barium are added separately to water, similar reactions occur.
(i)  Describe two observations that can be made when calcium reacts with water.

RS 0] 1Y V= 1 (o] o TR

2
(i)  For the two observations you have given in (a)(i), describe the differences that are
found when barium reacts with water.
Difference for 1St 0DSErvation ...
Difference for 2nd 0DSEIrVALION ...........cccoiviiiiiiii e
)
(iii)  Write an equation for the reaction of calcium with water.
@)
Bleaching powder is manufactured by reacting chlorine with solid calcium hydroxide.
When bleaching powder, which contains CIO™ ions, is added to excess acidified aqueous
potassium iodide, iodine is liberated and chloride ions are formed. The aqueous iodine can
be titrated with aqueous sodium thiosulphate, using a suitable indicator.
(i)  Give the name of a suitable indicator for use in this titration.
1)
(i)  Describe the point in the titration at which the indicator is added.
1)
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46.

(a)

(b)

(iii)  State the colour change that occurs in the indicator at the end point of the titration.

)
(iv) State the oxidation number of chlorine in CIO™ and in CI".
Oxidation NUMDBEE IN ClO™ ..o s
Oxidation NUMDBDET IN Cl™ ..o
1)
(v)  State the oxidation number of iodine in I” and in I,.
OXIdation NUMDBEE IN 17 .o
Oxidation NUMDEE 1N 15 ..o e e
1)
(vi) Write an ionic equation for the reaction of bleaching powder with acidified
potassium iodide.
1)

(Total 12 marks)

In terms of structure and bonding, describe and explain fully the difference between the
melting points of the Period 3 elements aluminium, silicon and phosphorus.
(12)

Describe and explain the difference between the electrical conductivities of the elements
aluminium, silicon and phosphorus.
(4)
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(c) State appropriate conditions under which magnesium and calcium react with water. Give
equations for the reactions and describe what you would observe.

()
(d) “Beryllium is an atypical element in Group I1.” Justify this statement by comparing the
reactions of beryllium hydroxide and magnesium hydroxide with hydrochloric acid and
also with sodium hydroxide. Write equations to illustrate your answer.
(7)

(Total 30 marks)

48. (i)  Complete the electronic configuration of a calcium atom.

@)

(i)  Describe the bonding present in solid calcium.

(4)
(Total 5 marks)
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