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Section A
Question 1 is a compulsory question. All candidates should answer this question.

1 (a) The volume of 1 mole of carbon dioxide gas was measured at a temperature of 12 °C, | DONOT

when various pressures were applied. The following results were obtained. |\,/\1VF$,.T”ES
MARGIN
Table 1.1
pressure, p volume, V pressure x volume, pV
/kPa /dm3 /kPa dm3
500 4.62 2310
1000 2.25
1500 1.46
2000 1.07 2140

(i) Complete the third column of Table 1.1.
Use your values of pV to estimate the value of pV when p = 1250 kPa.
Use your estimated value of pV to calculate the value of V when p = 1250 kPa. [2]

(ii) Predict by calculation, the volume, V, of 1 mole of carbon dioxide gas at 12 °C and
1250 kPa, if it were to behave ideally.

[1]
(iii) Suggest an explanation of the difference in the values of V you have obtained in (a)(i)
and (a)(ii), in terms of the properties of CO, molecules. [2]
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(b) Alkenes may be converted to alkanes by using hydrogen gas in the presence of platinum.

State the role of platinum and describe its mode of action for the reaction. [4]
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(c) (i) Explain why alkenes react with electrophiles rather than nucleophiles. [2] %)RT'IQET

IN THIS
(i) The reactivity of the alkene group can be modified due to electronic effect (electron- | MARGIN
donating or electron-withdrawing effect) and delocalisation.

“CN
nucleophile H*

/\/o >

propenal

CN

L ~F°

Explain why the alkene functional group in propenal is able to react with the
nucleophile, "CN.

Use the concepts of electronegativity, electronic effect, and delocalisation in your
answer. [3]

Y

(i) Explain why propenal does not form cis-trans isomers while 2-butenal does.

WO

2-butenal
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(d) Compounds P and Q have molecular formula CsHi, and are cis-trans isomers of each %)RT'IQET
other. IN THIS

MARGIN
R has molecular formula CeHs.

When heated with acidified potassium manganate(VII), both P and Q give butanone and
ethanoic acid, while R gives effervescence and butanedioic acid.

HO
OH

HO O

butanone ethanoic acid butanedioic acid

(i) Write a balanced equation for the reaction of R with hot acidified potassium
manganate(VII). Use [O] to represent the oxidising agent. [1]

(i) Suggest the structures of P, Q and R. For the two cis-trans isomers, label which is the
cis isomer, which is the trans isomer. [3]

[Total: 20]

3B
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Section B

Answer one question from this section.

2 (a) At 700 K, nitryl chloride, NO.CI, decomposes to nitrogen dioxide and chlorine gas [\)/fI)R'TTOET
according to the following equation: N THIS
MARGIN

2NO:CI(g) — 2NO»(g) + Cl2(g)
NO-Cl is placed in a 10 dm?® sealed vessel at 10.44 atm. Decomposition occurs and the

rate of reaction is followed by measuring the partial pressure of Cl, at various times, as
shown in Fig. 2.1 below.
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Fig. 2.1
(i) The partial pressure of Cl is 5.22 atm when the reaction is complete.
Using Fig. 2.1, determine the order of reaction with respect to NO,CI. [2]
(i) Write the rate equation for the reaction in terms of partial pressures. [1]

(i) Using Fig. 2.1, determine the initial rate, in atm s™. Hence, determine the rate constant
for the reaction. [2]
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(b) The decomposition reaction in (a) was found to follow a two-step mechanism as shown in | DONOT

Fig. 2.2: |\v/\1v§||-TnEs
MARGIN
Cl
/[L —» NO, + CI
Step 1: O/ \O
C!/
/IL\ + CI — NO, + Clp
Step 2: O O
Fig. 2.2
(i) Draw the Lewis structure of NO,. [1]

(i) The bond angle in NO,was found to be 134°. Explain why the bond angle is greater
than 120°. [1]

(iii) The bond length of N-O and of N=O are about 122.6 pm and 117.7 pm respectively.
Given that the bond lengths of both nitrogen-oxygen bonds in NO, are 120.1 pm,
suggest an explanation for this observation. [2]

(iv) In Fig. 2.2 above, complete the mechanism by showing all the unpaired electrons,
and the movement of electrons using curly arrows. [2]
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(c) Consider the following equilibrium at a given temperature. %)RT'IQET
INTHIS
2NO(g) + O2(g9) = 2NO2(9) MARGIN

When 146 mol of NO was added to 62.8 mol of O, the equilibrium mixture was found to
contain 26.2 mol of NO..

(i) Write an expression for the equilibrium constant, K,, for the reaction. [1]

(i) Given that K, for the above equilibrium is 0.0198 MPa?, calculate the total equilibrium
pressure, in MPa. [3]

[Total: 15]
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3 (@) When ethanoic acid, ethanol and ethyl ethanoate are mixed together in the presence of %)RT'IQET
dilute hydrochloric acid (a catalyst), the following equilibrium is established. IN THIS

MARGIN
CH3C02H(|) + C2H50H(I) = CH3C02C2H5(|) + H20(|)
ethanoic acid ethanol ethyl ethanoate

(i) Write an expression for the equilibrium constant for this reaction, K¢, stating its units,
if any. [1]

To determine the value of K¢, 0.438 mol of CH3CO2H, 0.601 mol of C,HsOH and 0.205 mol

of CH3CO,C;Hs were mixed with 15.0 cm? of 1.00 mol dm~2hydrochloric acid to give a total

volume of 95.0 cm3. The mixture was stored in a sealed container and left for one week.

(i) Calculate the initial amount, in moles, of HCI in the mixture. [1]

(iii) Since the HCI catalyst was added as an aqueous solution, the amount of water
present in this solution must be taken into consideration when calculating the initial
amount of water in the mixture.

Given that the density of the hydrochloric acid is 1.05 g cm™3, show that the initial
amount of water in the mixture was 0.845 mol. [1]

After the reaction mixture had been left for one week, a 1.00 cm?® sample of the mixture
required 11.30 cm?® of 0.250 mol dm~ NaOH(agq) for complete reaction.

(iv) The NaOH(aq) reacted with both the CH3sCO2H present at equilibrium and the HCI
catalyst. Calculate the amount, in moles, of CH3;CO;H present at equilibrium in the
entire reaction mixture. [1]

(v) Hence, use your expression from (a)(i) to calculate the value of K. [3]
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(b) Ethane undergoes free radical substitution with bromine in the presence of ultraviolet light. [\)/SRTTOET

IN THIS
(i) Describe the mechanism of the bromination of ethane. [3] | MARGIN

(i) In the bromination of methylbutane, four different bromoalkanes, A to D, can be

formed.
A B C D
Bry )\/\
—— > Br Br Br
light Br
methylbutane

Assuming all the hydrogen atoms present in methylbutane are equally likely to be
replaced during this reaction, calculate the percentage of the four products A to D that
you would expect to find in the mixture. [2]

(iii) When this reaction was performed in the laboratory, the actual ratio of the products
obtained was as follows:

A: 0.2% B: 93.5% C:6.2% D: 0.1%
By comparing the ratio of the percentage of each product actually produced with that
predicted in (b)(ii), calculate the relative reactivity of replacing a hydrogen to form B
compared with replacing a hydrogen to form C. [1]

(iv) Suggest an explanation for the relative reactivity obtained in (b)(iii). [1]

(v) Norbornane is the prototype of a class of bicyclic hydrocarbons and has a history of
use in many fields of chemistry.

norbornane

Draw the structures of all the different bromoalkane constitutional isomers that could
be formed by the replacement of one hydrogen atom in norbornane with a bromine.

[1]
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[Total: 15]
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Additional answer space

If you use this page to complete the answer to any question, the question number must be clearly
shown.
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