Q1.Some oil-fired heaters use paraffin as a fuel.
One of the compounds in paraffin is the straight-chain alkane, dodecane (C..H.).

(a)

Give the name of the substance from which paraffin is obtained.
State the name of the process used to obtain paraffin from this substance.

SUDSEANCE ..o

P OGS ..o e
(2

The combustion of dodecane produces several products.

Write an equation for the incomplete combustion of dodecane to produce gaseous
products only.

1)

Oxides of nitrogen are also produced during the combustion of paraffin in air.

(i)  Explain how these oxides of nitrogen are formed.

&)

(i)  Write an equation to show how nitrogen monoxide in the air is converted into
nitrogen dioxide.

@)

(i) Nitric acid (HNO:.) contributes to acidity in rainwater.

Deduce an equation to show how nitrogen dioxide reacts with oxygen and
water to form nitric acid.
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(d) Dodecane (C..H.) can be cracked to form other compounds.

(i)  Give the general formula for the homologous series that contains dodecane.

@)

(i)  Write an equation for the cracking of one molecule of dodecane into equal
amounts of two different molecules each containing the same number of
carbon atoms.

State the empirical formula of the straight-chain alkane that is formed.
Name the catalyst used in this reaction.

EQUALION oo
Empirical formula of alkane .............ooooiiioiioii s

CatAlYSt ..

®)

(i) Explain why the melting point of dodecane is higher than the melting point of
the straight-chain alkane produced by cracking dodecane.

&)

(e) Give the IUPAC name for the following compound and state the type of structural
isomerism shown by this compound and dodecane.

H CHax CHa CHs

H:C—C—C—C—C—CH;

H CHs; CH; CHj
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Type of structural ISOMEriSM .......ccooiiiiii s

(2
Dodecane can be converted into halododecanes.
Deduce the formula of a substance that could be reacted with dodecane to produce
1-chlorododecane and hydrogen chloride only.

1)

(Total 16 marks)

Q2.Fluorine forms compounds with many other elements.

(a)

Fluorine reacts with bromine to form liquid bromine trifluoride (BrF.).
State the type of bond between Br and F in BrF, and state how this bond is formed.

TYPE OF DONA ...

HOW DONA IS FOrMEA ... oo

&)

Two molecules of BrF, react to form ions as shown by the following equation.

2BrF, —= BrF  + BrF.

(i)  Draw the shape of BrF, and predict its bond angle.
Include any lone pairs of electrons that influence the shape.

Shape of BrF,

Bond angle ..o
2
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(i) Draw the shape of BrF,- and predict its bond angle.
Include any lone pairs of electrons that influence the shape.

Shape of BrF,

Bond angle ......ooooeviiiiiiiii
2

(c) BrF,ions are also formed when potassium fluoride dissolves in liquid BrF, to form
KBrF,
Explain, in terms of bonding, why KBrF, has a high melting point.

3

(d)  Fluorine reacts with hydrogen to form hydrogen fluoride (HF).

(i)  State the strongest type of intermolecular force between hydrogen fluoride
molecules.

@)

(i)  Draw a diagram to show how two molecules of hydrogen fluoride are attracted
to each other by the type of intermolecular force that you stated in part (d)(i).
Include all partial charges and all lone pairs of electrons in your diagram.
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(e) The boiling points of fluorine and hydrogen fluoride are —188 °C and 19.5 °C
respectively.
Explain, in terms of bonding, why the boiling point of fluorine is very low.

2
(Total 15 marks)

Q3.Kevlar is a polymer used in protective clothing.
The repeating unit within the polymer chains of Kevlar is shown.

(@) Name the strongest type of interaction between polymer chains of Kevlar.

@

(b)  One of the monomers used in the synthesis of Kevlar is
"T\-\\\
{ -
HN =7 NH,

An industrial synthesis of this monomer uses the following two-stage process
starting from compound X.

Stage 1
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cl “r NO, + 2NH, —— HN ot

NO, + NH.CI
X
Stage 2
\ J \ |
HN e NO, —— HN e NH,

(i)  Suggest why the reaction of ammonia with X in Stage 1 might be considered
unexpected.

)

(i) Suggest a combination of reagents for the reaction in Stage 2.

@

(i) Compound X can be produced by nitration of chlorobenzene.

Give the combination of reagents for this nitration of chlorobenzene.
Write an equation or equations to show the formation of a reactive
intermediate from these reagents.

Reagents

3
(iv) Name and outline a mechanism for the formation of X from chlorobenzene and
the reactive intermediate in part (iii).
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Name of MECNENISIMN .. .oneee e e

Mechanism

4
(Total 11 marks)

Q4.The following equation shows the reaction of a phosphine molecule (PH.) with an H* ion.
PH3 + H+ — PH4+

(@) Draw the shape of the PH, molecule. Include any lone pairs of electrons that
influence the shape.

(1)
(b)  State the type of bond that is formed between the PH,; molecule and the H* ion.
Explain how this bond is formed.
Name Of DONA .....ooiiiiiie e,
HOow bond i fOrMEd ........oooiiiieeee e
(2)
(c) Predict the bond angle in the PH, - ion.
(1)
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(d)  Although phosphine molecules contain hydrogen atoms, there is no hydrogen
bonding between phosphine molecules.
Suggest an explanation for this.

)
(Total 5 marks)

Q5.Fritz Haber, a German chemist, first manufactured ammonia in 1909.
Ammonia is very soluble in water.

(a) State the strongest type of intermolecular force between one molecule of ammonia
and one molecule of water.

1)

(b) Draw a diagram to show how one molecule of ammonia is attracted to one molecule
of water. Include all partial charges and all lone pairs of electrons in your diagram.
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(c)  Phosphine (PH.) has a structure similar to ammonia.

In terms of intermolecular forces, suggest the main reason why phosphine is almost
insoluble in water.

@
(Total 5 marks)
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