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(a) ()

(b)

lodine reacts with concentrated nitric acid to produce nitrogen dioxide (NOs).

Give the oxidation state of iodine in each of the following.

| i
HIO g i
(2 marks)
Complete the balancing of the following equation.
Iz + 10HNO; —— HIo; + NOz + Hz0
(1 mark)

In industry, iodine is produced from the MalQO; that remains after sodium nitrate has
been crystallised from the mineral Chile saltpetre.

The final stage involves the reaction between NalO3 and Nal in acidic solution.
Half-equations for the redox processes are given below.

107 + Be~ + BHY —— 3H,0 + %|2

Im —— 1l + e

Use these half-equations to deduce an overall ionic equation for the production of
iodine by this process. ldentify the oxidising agent.

Overall ionic equation

The oxidISING BOEMT ... e e d b b bbb g g e b bt ot
{2 marks)
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(c)

(d)

(e)

lc)

(e} ()

() (i)

(d)

State and explain the general trend in the first ionisation energies of the Period 3
elements sodium to chlorine.

TrEmE et i s
Explanation ... s

......................................... { "
TEXIFE SPEEE) coiieeieiiiee ettt s sastas s ss e st sst s bt s s sa st st s

State how the element sulfur deviates from the general trend in first ionisation energies
across Period 3. Explain your answer.

How sulfur deviates from the trend ... aea s

A general trend exists in the first ionisation energies of the Period 2 elements lithium
to fluorine.  Identify one element which deviates from this general trend.

When concentrated sulfuric acid is added to potassium iodide, solid sulfur and a black
solid are formed.

|dentify the black solid.

”mﬂm}

Deduce the half-equation for the formation of sulfur from concentrated sulfuric acid.

R

When icdide ions react with concantrated sulfuric acid in a different redox reaction, the
oxidation state of sulfur changes from +6 to —2. The reduction product of this reaction
is a poizonous gas that has an unpleasant small.

Identify this gas.

”mﬂm}
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(e) A yellow precipitate is formed when silver nitrate solution, acidified with dilute nitric
acid, is added to an agueous solution containing iodide ions.

{e) (i} Write the simplest ionic equation for the formation of the yellow precipitate.

(1 mark)
{e) {ii) State what is observed when concentrated ammeonia solution is added to this
precipitate.

R

(e) (iii) State why the silver nitrate is acidified when testing for iodide ions.

(1 mark)
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(f} Consider the following reaction in which iodide ions behave as reducing agents.
Clziag) + 2 (ag) * la{aq) + 2C[(aq)

{f) (i} Interms of electrons, state the meaning of the term reducing agent.

”mﬂrk}

{f) (ii) Write a half-aquation for the conversion of chiorine into chloride ions.
{fmark}
(f) (iii) Suggest why iodide ions are stronger reducing agents than chioride ions.

rzm&m}
[EMITE SPECE) e et e et te st e bt e emms e sse et e ssae sennn e
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(a)

(b)

The table shows the structures and names of three compounds with My = 72.0

Compound Formula Hame
1 CH3CHCH2CHO butanal
2 CH3CHzCHZCHZCH; pentans
3 CHzCHzCOCH; butanons

Explain why M; valuas, measured fo five decimal places, cannot distinguish betwaen
compounds 1 and 3 but can distinguish batwean compounds 1 and 2.

{2 marks)
A simple chemical test, using either Fehling's solufion or Tollens' reagent, can be used to
distinguish batwean compound 1 and compound 3.
Choose one of these two reagents and state what you would ocbsarve with each of
compound 1 and compound 3.
CROSEM TEAGENT oo ctssss s e s bss s e sememmmadasssea s e bh e s as sememmns s dsseaaaass

Obsarvation wWith COmPOUNT 4o e ccsssssses srsssse s ememmms s ssssseanss

Obsarvation With COMPOUNT 3o e ceee e cmsssssses srsssss s ememmms s sassseanss

" (2 marks)
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4 Group 2 elements and their compounds have a wida range of uses.

(a) For parts (a){i) to (a)(iii}, draw a ring around the correct answer to complete each
sentenca.

decreasas.

{a) (i} From Mg(OH)s to Ba(OH),, the solubility in watar | increases.

stays the same.
{1 mark)
decreases.
(a) (i) From Mg to Ba, tha first ionisation anergy | increasas.
stays the same.
{1 mark)
decreases.
(a) (iii) From Mg to Ba, the atomic radius | increasas.
stays the same.
{1 mark)
(b) Explain why calcium has a highar malting point tham strontium.
(zmams}
L= == = OSSO OOP OO
{c) Acidified barium chioride solution is used as a reagent to test for sulfate lons.
{c) (i} State why sulfuric acid should mot be used to acidify the barium chloride.
{'.lmark}

{c) (i) 'Write the simplest ionic equation for the reaction that occurs when acidified barium
chloride solution iz added to a solution containing sulfate lons.

”mﬂm}
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5 It is possible to convert but-1-ana into its structural isomer but-2-ana.

{a) State the type of structural isomerism shown by bui-1-ene and but-2-ene.

(1 mark)

(b} The first stage in this conversion involves the reaction of hydrogen bromida with
but-1-ene.

CH3CHzCH=CH; + HBr —— CH3;CH;CHBrCHj;
Outline a mechanism for this reaction.
(4 marks)

{c) The second stage is to convert 2-bromobutane into but-2-ane.
CHzCH;CHBrCH; + KOH —— CH3CH=CHCHz; + KBr + HO

Outline a mechanism for this reaction.

{3 marks)
B Three different ways of producing ethanol are shown balow.
Reaction 1 Reaction 2
CgHya0p —* CH3CHaOH +—— CH3CH-Br
glucoss ethanol bromosthane
Reaction 3
Hz': = GHQ
ethens

(a) Reaction 1 produces a 15% agueous solution of ethanol.
Itis claimad that the ethanol produced in this way is a carbon-neutral bicfuel.

Writa an equation for Reaction 1 and name the procass.
Writa an equation for the complate combustion of ethanol.

Explain why the athanol produced by this process may not be a carbon-neutral biofuel.

Fyfra enaral
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(b)

(<)

Give a reagent and conditions for Reaction 2.

Reaction 2
CH3CGHSEBr * CH3CH-0H

Mama and outline a machanism for Reaction 2.

Suggest one reason, other than safaty, why this method is net used in industry to
make ethanol.

(6 marks)
Raaction 3 is used in industry.

Reaction 3
HoC=CHs * CH3CH,OH

Identify a suitable catalyst for Reaction 3.
Identify the type of reaction.

Give two conditions, in addition to the presence of a catalyst, necessary for Reaction 3
to produce a high vield of athanol.

f4mams)
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7 Consider the five cyclic compounds, A, B, C, D and E.
H
cyclohaxane cyclohexanol
A B
O
cyclohexanonea
c
Br
cyclohexane bromocyclohaxane
D E

(a) The infrared spactra of compounds A, B, C and D ara shown opposite.

Wirita the corract letter, A, B, € or D, in the box next to each spactrum. You may find it
helpful to refer to Table 1 on the Data Sheet.
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{b) A simple chemical test can be usad fo distinguish betwean cyclohexane (A) and
cycloheaxane ().
Give a reagent for this test and state what you would chserve with each compound.

(3 marks)
0 i I o

{c) Cyclohexanc! (B) can be converted into cyclohexanone (G).

Give a reagent or combination of reagents that can be used for this reaclion and state
the type of reaction.

State the class of alcohols to which cyclohexanol balongs.

T (3 marks)

{d) Cyclohexane (A) can be converted into bromocyclohexane (E) by a reaction that is
similar to the reaction of methane either with chlorine or with bromine.

Name and outline a machanism for the reaction of mathana (CH,4) with broming to form
bromomathane (CHsBr). Give one condition for this reaction fo occur
Write an equation for each step in your mechanism.

(5 marks)
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