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1.

Answer ALL the questions. Write your answers in the spaces provided.

(a) Define the term standard electrode potential, making clear the meaning of
standard.

.......................................................................................................................................
.......................................................................................................................................
.......................................................................................................................................
.......................................................................................................................................

.......................................................................................................................................

(b) Explain why a reference electrode is needed whenever a standard electrode potential
is measured.

.......................................................................................................................................
.......................................................................................................................................
........................................................................................................................................

.......................................................................................................................................

1)
(c) Hydrogen peroxide decomposes in a disproportionation reaction.
(1) Explain the meaning of disproportionation.
(2)
I
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blank
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(i) Use the following information to derive the equation for the disproportionation
of hydrogen peroxide.

Calculate Eg;; and explain whether the reaction is thermodynamically feasible.
02+2H++2e_ﬁH202 E°=+068V

H,0, + 2H* + 2¢ - = 2H,0 ES=+177V

................................................................................................................................
................................................................................................................................
................................................................................................................................
................................................................................................................................
................................................................................................................................

................................................................................................................................

(ii1) Explain why your answer to (ii) does not necessarily show that hydrogen peroxide
will disproportionate under standard conditions.

................................................................................................................................
................................................................................................................................

................................................................................................................................

(Total 9 marks)
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2. This question concerns the reaction between nitrogen monoxide and oxygen:
2NO(g) + Ox(g) — 2NOi(g)
(a) In a series of experiments designed to find the rate equation for this reaction, the

following data were obtained. In each experiment the partial pressure of oxygen was
the same.

30
25 A

20
Initial rate/atm s 15 4

10 1
51

O T T T 1
0 0.05 0.1 0.15 0.2

Square of the partial pressure of NO/atm?

(1) What is the order of reaction with respect to nitrogen monoxide?

Justify your answer.

................................................................................................................................
................................................................................................................................

................................................................................................................................

(i) A new series of readings is taken with the partial pressure of oxygen doubled.
The gradient of the line doubles.

State, with a reason, the order of reaction with respect to oxygen.

................................................................................................................................

................................................................................................................................

Leave
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(1i1) Hence write the rate equation for the reaction.
1)
(iv) State the units of the rate constant.
ey
(v) Thunderstorms generate a small amount of nitrogen monoxide.
Suggest why it remains in the air for a considerable time, given that the activation
energy for the reaction between oxygen and nitrogen monoxide is low at room
temperature.
4y
QUESTION 2 CONTINUES ON THE NEXT PAGE
J
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(b) The rate of the decomposition of nitrous oxide
2N,0(g) — 2Nx(g) + Ox(g)

has been studied at different temperatures. The rate constant £ was determined at each
temperature.

The relationship between the rate constant and the temperature T is given by the

Arrhenius equation:
Ink=InA4- £, (l)
R\T

where E, is the activation energy for the reaction, R is the gas constant, and % is the
rate constant at temperature 7.

(i) Given values of & at different temperatures 7, what graph would you plot and how
would you use it to determine the activation energy?

................................................................................................................................
................................................................................................................................

................................................................................................................................

(ii) A plot of the data gave a straight line with gradient — 2.95 x 10*K\.
Find the activation energy for the reaction, in kJmol™, to three significant

figures.
[The value of R is 8.314 J K™ mol™']

(2
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(iii) What is the oxidation number of nitrogen in nitrous oxide, N,O?

Put a cross () in the box of the correct answer. If you change your mind about
an answer, put a line through the box (&) and then mark your new answer with a
cross ([X).
A +2
B +1
C -1
D -2
m |z
(Total 11 marks)
J
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3. Cyanide ions react with 2-bromo-2-methylpropane in the following way:
(CH;3);CBr + CN~ — (CH3);CCN + Br-
The rate equation for this reaction is
rate = k[(CH;);CBr]
(a) Which solvent would be used for this reaction?
¢y
(b) (i) What information does this rate equation give about the mechanism of this
reaction?
)]
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(i) Give the mechanism for this reaction consistent with the rate equation.

&)

(c) Explain whether it would be possible, using low-resolution proton nmr spectra alone,

to tell whether (CH;);CBr had been converted into (CH;);CCN.

..............................................................................................................................

..............................................................................................................................

..............................................................................................................................

.........

—
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blank
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(d) How do you show that bromine atoms are present in a bromoalkane?

.......................................................................................................................................
.......................................................................................................................................
.......................................................................................................................................
.......................................................................................................................................
.......................................................................................................................................
.......................................................................................................................................

.......................................................................................................................................

(e) The nitrile, (CH3);CCN, can be converted into (CH;3);CCOOCH,CHj3; in two steps.

(1) Identify the reagent required for the first step, and the formula of the organic
product from this step.

@
(i) Write the equation for the second step.

................................................................................................................................

(Total 15 marks)
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4. (a) Benzene reacts with 2-bromopropane in a Friedel-Crafts reaction to give
2-phenylpropane, C¢HsCH(CH3),, usually known as cumene.

/CH3
CH
CH,
+ CH;CHBrCH; — + HBr

cumene

Cumene is used to manufacture phenol and propanone.

(i) Identify a suitable catalyst for the reaction between benzene and 2-bromopropane.

(i) Give the mechanism for the reaction, including the formation of the electrophile.

C))
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(b) If benzene and 1-bromopropane, CH;CH,CH,Br, are reacted under similar conditions
to those in part (a), the product is still cumene although 1-phenylpropane
C¢HsCH,CH,CH; might have been the expected product.

/CH3

CH
SCH,
=+ CH3CH2CH2BI' — > + HBr

cumene

(i) Draw the structure of the carbocation which would initially be formed.

(1)

(i) Suggest, in terms of relative stabilities of carbocations, what happens to the

carbocation in (i) which results in cumene as the product of the reaction rather
than 1-phenylpropane.

................................................................................................................................

................................................................................................................................

(¢) Phenol reacts with the benzenediazonium cation, C¢HsN,", in alkaline conditions to
give an azo dye.

(i) State the reagents needed to convert phenylamine into a solution containing
C¢HsN," ions.

................................................................................................................................

(i) Explain why the temperature of the reaction in (c)(i) needs to be kept between
0°C and 10 °C.

................................................................................................................................
................................................................................................................................

................................................................................................................................

Leave
blank
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(iii) Give the structural formula of the product from the reaction between
benzenediazonium chloride and phenol.
@
(iv) Suggest why compounds with an N==N group, such as the product given in (iii),
show geometric isomerism.
@
(d) (i) How would you show that propanone is a carbonyl compound and is a ketone,
not an aldehyde?
&)
. S




1€

Leave )
blank
(ii) A characteristic reaction of the carbonyl group, C==0, is nucleophilic addition.
The C=C double bond reacts by electrophilic addition.
Suggest the reason for the difference.
2)
(iii) Give the mechanism for the nucleophilic addition reaction between propanone
and hydrogen cyanide in the presence of a catalyst of cyanide ions, CN™.
3 Q4
(Total 24 marks) l
N, A0 0 0300 0 20 run over
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5. (a) (i) Complete the electronic configurations of:

..................................

{1

(i1)) The electronic configurations of chromium and of copper are not readily
predictable from a consideration of the elements on either side of them in the first
transition series in the Periodic Table.

State how these electronic configurations differ from others in the first transition
series and explain why this difference arises.

................................................................................................................................
................................................................................................................................
................................................................................................................................

................................................................................................................................

................................................................................................................................

2
(b) Chromium can form the ion [Cr(H,0)s]*" in aqueous solution.
(i) Draw the structure of this ion so as to clearly show its shape.
)
(il) How are the bonds between the water ligands and the metal ion formed?
@

Leave
blank
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(i) Write an equation to show what happens initially when a solution containing
hydroxide ions is added to a solution of [Cr(H,0)s]** ions.

--------------------------------------------------------------------------------------------------------------------------------

................................................................................................................................

(iv) State what you would see as dilute sodium hydroxide is gradually added to a
solution of [Cr(H,0)¢]*" until it is in excess.

................................................................................................................................
................................................................................................................................

................................................................................................................................

(v) What property of chromium(IIl) hydroxide is shown by the reaction in part
(iv)?

QUESTION S CONTINUES ON THE NEXT PAGE

N
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(¢) (1) A 1.00g sample of a metal alloy that contains chromium was converted into
250 cm® of an acidified solution of potassium dichromate(VI).

25.0 cm® of this solution was added to an excess of potassium iodide solution.
Cr,0,4 + 6" + 14H* — 2Cr°* + 31, + TH,0

The iodine liberated was titrated with 0.100 mol dm™ sodium thiosulphate
solution.

I, + 282032_ - 2" + S4O62—
The mean (average) titre was 37.2 cm®.

Calculate the amount (moles) of iodine liberated and hence the percentage, by
mass, of chromium in the alloy.

&)

(11) In titrations involving iodine, starch is usually added near the end-point to make
the colour change clearer, although in many cases it is not really necessary.

Suggest why starch is necessary in the titration in (i).

................................................................................................................................

...............................................................................................................................

(Total 16 marks)
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