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

1. This question is about the reaction between barium hydroxide and ammonium chloride:
Ba(OH),(s) + 2NH4Cl(s) — BaCl,.2H,0(s) + 2NHj;(g) AH =+21.2kJ mol™!

(a) Standard entropies of the reactants and products are shown below:

Substance Stan/d?rrcrilsllz Ercl)g)}l/, §”
Ba(OH)(s) + 99.7
NH4CI(s) + 94.6
BaCl,.2H,0(s) +202.9
NHjs(g) +192.3

Calculate the standard entropy change for the system, ASgem, for this reaction.
Include a sign and units in your answer.

2

(b) Calculate the entropy change for the surroundings, ASumoundingss at 298 K. Give your
answer to 3 significant figures and include a sign and units in your answer.

2
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(¢) (i) Use your answers to (a) and (b) to explain why this reaction is spontaneous at
298 K.
1)
(1)) When these two solids are mixed together in a beaker, no reaction is observed.
What explanation can be given for this, in view of the fact that the process is
spontaneous?
1)
(ii1) Apart from heating the mixture, suggest what might be done to encourage the
reaction to take place. Explain why your suggestion is likely to work.
2 Qi
(Total 8 marks) 7
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2. The reaction scheme below shows a synthesis of the antiseptic, Dettol, from benzene.

Benzene reagent W A 2 moles of reagent X B
CeHs " CeHeSO; catalyst Y "~ CgH,0SO;5
OH
B reagent Z C Cly(g)
CgH]oSOg o CngoO w
H;C CH,
Cl
Dettol

Study this reaction scheme carefully before answering any of the questions below.

(a) (1) Give the structural formula of A.

1)
(i1)) Name reagent W.

(ii1) State the type of reaction and the mechanism for the conversion of benzene
into A.

Leave )
blank

N 2 9 2 7 0 A0 4 1 6




Leave\
blank
(b) (i) Suggest the structural formula of B. You may find it helpful to study the formula
for Dettol, as well as your answer to (a)(i), when answering this question.
1)
(i) Give the formulae for reagent X and catalyst Y.
Reagent X .....ccovvviiiviiieiieeeieeeeees Catalyst Y .ooooveeeieeeieeeee e
2)
(i11)) What gaseous inorganic compound will also be produced during the formation
of B?
1)
(¢) (i) Compound C, CgH,,O, reacts with sodium and with sodium hydroxide. What
does this tell you about its structure?
1)
(i) Suggest a possible identity for reagent Z.
1)
(ii1) The conversion of C into Dettol involves the use of chlorine in the dark.
Suggest the structural formula of ONE alternative product which may form if this
reaction is carried out in sunlight.
1)
J
5
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(d) (1) Give the systematic name for Dettol.
1)
(i) Suggest why Dettol does not mix well with water.
1) Q2

(Total 13 marks)
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The principal reaction occurring when 2-bromo-2-methylpropane reacts with aqueous
sodium hydroxide is as follows:

CH3C(CH3)CH3 + NaOH — CH3C(CH3)CH3 + NaBr
Br OH

Several experiments were carried out in order to follow the kinetics of this alkaline
hydrolysis.

A few drops of phenolphthalein were added to a sample of sodium hydroxide, and, after the
addition of a measured amount of 2-bromo-2-methylpropane, the mixture was vigorously
shaken and a clock was immediately started. The time was taken when the pink colour
due to the indicator disappeared.

This experiment was repeated twice using different concentrations of the two reactants.
All experiments were carried out at the same temperature.

The results are shown in the table below.

Experiment | 2-bromo-2-methylpropane Sodium hydroxide Time
/ mol dm™3 / mol dm™3 /s
A 0.011 8.0x 10 33
0.022 8.0x 10 16
C 0.022 1.2x1073 24

(a) (i) Identify the attacking species responsible for this alkaline hydrolysis.

(i1) Assuming that the final concentration of sodium hydroxide is zero, calculate the
average rates of reaction in mol dm= s™! for experiments A and B.

2

(ii1) Deduce the order of reaction with respect to 2-bromo-2-methylpropane. Justify
your answer.
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(iv) By comparing the average rates of reaction between experiments B and C, deduce
the order of reaction with respect to sodium hydroxide.
2)
(v) Write the rate equation for the reaction.
Rate =
1)
(vi) From your rate equation, suggest how this reaction proceeds by giving a possible
mechanism.
3
(b) Explain briefly why 1-bromobutane, an isomer of 2-bromo-2-methylpropane, reacts
by a different mechanism when it is hydrolysed.
@ | Q3
(Total 12 marks)
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4. The equation below shows the equilibrium existing between nitrogen, oxygen and nitrogen
monoxide.

Ni(g) + Ox(g) = 2NO(g)
The equilibrium constant, K,,, at 298 K is 5.0 x 10!

(a) (1) Write an expression for the equilibrium constant, K,, in terms of the partial
pressures of the three gases.

1)
(i) Why does the value for K, have no units?

(b) An equilibrium mixture of these three gases was found to contain nitrogen, at a partial
pressure of 0.87 atm, and oxygen, at a partial pressure of 0.23 atm.

(1) Calculate the partial pressure exerted by the nitrogen monoxide.

2

(i1) Deduce the value of the total pressure of the equilibrium mixture of gases.

)
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(ii1) Assuming that the total pressure on the mixture of gases is doubled, what, if any,
would be the effect on the
* partial pressure of nitrogen monoxide
* equilibrium constant, K,?
(2)
(c) Inside a car engine, air (a mixture of nitrogen and oxygen) is drawn in and, under the
high temperatures operating, the value of K, increases dramatically.
This increase is also accompanied by an increase in the value of AS,. Typical values
of K, and AS,.1 are shown in the table below.
Temperature / K K, ASior/ J mol™ K
298 5.0 x 107! —-580
1500 1.0 x 107 - 96
Although the value of ASyem 1s unlikely to alter very much, the value for ASgyroundings
will change significantly.
(1) At a temperature of 1500 K, AS;. is negative.
Does this mean that the reaction between nitrogen and oxygen cannot occur at
this temperature? Explain your reasoning.
1)
(i1) Why is the value for ASyem for this equilibrium approximately constant when
the temperature rises above 298 K?
1)
J

11
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(iii) What is the sign of ASguroundings fOr an endothermic reaction? Justify your
answer.

(iv) Explain why an endothermic reaction results in an increase in the value of AS;
as the temperature increases.

(d) A student used the value for K, at 1500 K to calculate the partial pressure of
nitrogen monoxide inside a working car engine.

Why might the actual partial pressure be lower than the calculated answer?

(Total 12 marks)
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5. This question is about benzoic acid, CqHsCO,H, and some of its derivatives.

(a) (i) Give the structural formula of the carbonyl compound which can be oxidised to
benzoic acid.

(0))

(i) Give the names of the TWO reagents which together could be used to carry out
this oxidation.

(b) The compound below can be prepared by heating together a mixture of benzoic acid,
concentrated nitric acid and concentrated sulphuric acid.

CO,H

NO,

This nitration process is a slow one, despite the use of such vigorous conditions.

Suggest why benzoic acid is less reactive than benzene towards reagents of this
type.

13

U 0O A Turn over
N 2 9 2 7 0 A 01 3 1 6



(c) Benzoic acid can be converted into the salt sodium benzoate, C4HsCO,Na, and also
into the ester, methyl benzoate, C¢HsCO,CHs.

(i) Give the names of suitable substances needed to convert benzoic acid to these
two compounds.

C6H5C02Na

(i1) Give ONE difference in physical properties between sodium benzoate and methyl
benzoate.

Explain this difference in terms of the bonding present.

(ii1) In sodium benzoate the two carbon oxygen bonds are of the same length, whereas
in methyl benzoate these lengths are different.

Suggest why this is the case, illustrating your answer with appropriate
diagrams.

Leave )
blank
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(d) Calculate the pH of the buffer solution formed by mixing 10 cm® of aqueous benzoic
acid of concentration 0.010 mol dm™ with 40 cm® of aqueous sodium benzoate of
concentration 0.020 mol dm™.
For benzoic acid, the acid dissociation constant, K, is 6.3 x 107> mol dm™.
[acid]
You may find it helpful to use the relationship pH = —log K, — log rbase]
ase
3) Q5

(Total 15 marks)

il

TOTAL FOR PAPER: 60 MARKS

END

N 2 9 2 7 0 A 01 5 1 6



(£52) (¥s2) (952} {esz) (¥52) {1s2) (sv2) [1274] [t574] [tAz4) (Lez) 8ET (1e2) [4 %4 SUEVIG )
I 130N IAB[BpUBIN | wniwa4 wmuaisury | wnwoiey | wnijayiag wnungy wniouawy wnuon|d wnundan wheln  wmunoejold wnuoy| ¥ _
" ON PN w4 s3 1 k| w) wy nd dN n ed yi apIuNoyY <«
€01 01 i 0ot 66 86 16 9% 56 6 €6 6 16 06
74 el 691 91 59t £9l (18 151 zst 051 (Lwl) i il ol
wniwAp Sjuswisja
wnyaIny wniqIanA wmnyy wniqs3 WwnW|oH wmsoudsAg wniqua) wniwijopeg | wmdosng wnueweg | wnipawold | wniwApoan -0asely wnuay aplueyjue] <
nq qAn | wi 13 oH Ag aL PO n3 | ws | wd | PN 1d %) pluey
¥4 oL 69 89 9 99 q9 9 £9 9 1] 09 6% 8s
T [T [T Tue T @ 73} €22)
wmxay wnnuad wnipenb
-jiuupy -juupn -uun wniunay wnipey wnjouely
yun dun bun oy ey 1o L
901 sot oL “ Ama 88 L8
[tez4] 012) (1] ¥4} 602 Lz 10z 161 561 6l 06l 98l 18l 181 8Lt 6€l ixl £el
uopey aunelsy wniuojod qinwsig peal Anosapy piog wnune|d wnpy| wnwsQ wnuayy uajsbuny wnjejuej wniujey wnueyue] wnueg wnisae)
uy i\ 4 od g qd 6H ny id J| SO 8y M el H < e eg $O 9
98 68 8 £8 8 08 6L 8L L 9L St 174 €L 143 18 95 1]
€L 1749 :741 ! (13 Gl zl 801 901 £01 101 (66) 96 £6 16 68 88 G8
uouay auIpo| wnuniiay | Auownuy uip wnipuy wnwpe) 1aN1S Ipejjed ipoyy luayiny 1auyaag PaAlON 1qOIN wn(uoszZ wnuRA wnnuons | waipigny
ax | 8l qs ug uj 0] By Pd yy ny o1 OW anN 1z A iS qy S
¥s £9 [4] S 0s 6¥ 8y Ly 1 St 144 537 144 82 oY 6€ 8¢ Jis
18 08 6L SL €L 0L b's9 Gqe9 65 65 95 G5 8 0] 8 - 114 14 6€
uoydAry aululolg wnuajag RINEN wniueuwag wnijieg auz 1addog 13%3IN 1eqoy uos| asauefuepy | wnwowyy wnipeuep wney | wnIpuedss wniojed wnissejog
N ig as sy 89 e uz nd IN (0] o4 U 10 A 1L B ed A 14
9€ ge 143 €€ ze 1€ 113 62 :74 L 9z 14 174 £ (44 1z 0z 61
oF §'GE 4% 13 8z 114 174 £
uobay auuojy) anyding snioydsoyy uoag wnitwn)y wnisaubeyy wniposg
Iy o] S d IS v B eN €
8t n 91 St I €l 4% 138
[174 6l 9l i Al 18 6 L
uoaN auon|4 uabAxg uaboiun uoqie) uoJog wniAag wniyin
N 4 0 N 2 g °g n 4
oL 6 8 L 9 S 14 €
,.low 6
ul ssew Jejo
e aweN i
wnyey 1oquiAs uabophy
3H 18qUINN JIWOYY H I
t
4
Aay pouad
0 L 9 S v 3 dnoup 4 !

319Vl J100I43d JHL

6

1

7. 0 A O

N 2 9 2

16



