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The fuel and oxygen are fed continuously to the two electrodes. The
electrodes are made of platinum dispersed onto a porous carbon support.

(i) Write half equations for the reaction which takes place at the electrodes
of the fuel cell and hence an overall equation for the cell reaction.

(ii) Suggest one reason why methanol is a better choice than petrol as a
fuel for motor cars.

(iii) One refinement of fuel cell design is to replace the acidic electrolyte
solution with a film of solid hydrogen ion conducting polymer. Explain
why this would be an improvement.

(iv) One fuel cell in use now is the hydrogen-oxygen fuel cell. Give an
advantage of this over conventional batteries and cells.

6]
[Total: 20]
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(i) Name AH; and AHa.
AH; = ethalpy change of solution
AHs = lattice energy

(ii) Draw an appropriate energy cycle to calculate the enthalpy change of
hydration of the chloride ion.

NaCi(s) 5 Na*(aq) + Cr(aq)

N

Na*(g) + Cr(g)

AH =772 +(-2) =(-390) = - 384 kJmol"
(4
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From reaction, An = +1 or increase in disorderliness, therefore
AS is positive.
AG=0,AH=TaAS
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CO(g) +2 Ho(g) == CH,OH(g)
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With increase in [H], position of equilibrium shifts right to
decrease the amount of Hz, hence percentage yield of methanol
should increase. Therefore attempt is valid.
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(i) Write half equations for the reaction which takes place at the electrodes
of the fuel cell and hence an overall equation for the cell reaction.

(CHsOH + Hz0 — CO + BH" + 6¢) x 2
(4e + Op + 4H* — 2H,0) x 3
2CHOH + 30, — 4H,0 + 2C0,

(ii) Suggest one reason why methanol is a better choice than petrol as a
fuel for motor cars.

(CH30H burns more cleanly, therefore less pollutants given off.

One refinement of fuel cell design is to replace the acidic electrolyte
solution with a film of solid hydrogen ion conducting polymer. Explain
why this would be an improvement.

No problem of leakages when electrolyte changes to a solid film.

(iv) One fuel cell in use now is the hydrogen-oxygen fuel cell. Give an
advantage of this over conventional batteries and cells.

Greater energy efficiency; clean water forms. 6]
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(a) Given the following reactions

@
(i)

NaCl(s) > Na*(aq) + Cl(aq) AH;=-2kJ mol!
Na*(g) + aq > Na’(aq) AH = - 390 kJ mol”!
Na'(g) + C(g) > NaCl(s)  AHs=-772kJ mol”

Name AH; and AHs.

Draw an appropriate energy cycle to calculate the enthalpy change of
hydration of the chloride ion.
[4]
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(b) When 2.12 g (0.02 mol) of sodium carbonate was added to 30.0 cm® of water,
the temperature fell by 5.2 °C.

NayCOs(s) + aq > 2 Na*(aq) + COs*(aq) (1)
(i) Calculate the enthalpy change of this reaction per mol of NazCOs.
Assume that the specific heat capacities of all solutions are 4.2 J g' K
and that all solutions have a density of 1.0 g cm™.

(i) Explain why AS of reaction (I) is + 154.3 J K™ mol"" and hence calculate
the minimum temperature for reaction (I) to be spontaneous.
[4]
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(©)

(d)

CO is used in the manufacture of methanol according to the following
reaction:

CO(g) + 2 Ha(g) = CH;OH(g)
A 40.8 mol sample of CO was added to 146 mol of H,. When equilibrium is
reached at 400 °C, the mixture contained 30.2 mol methanol and the total
pressure was 7.50 MPa.

(i) Calculate the equilibrium constant K;, for this reaction.

(ii) In order to increase the yield of methanol, Hz is added to the equilibrium
system. Predict, with reasons, whether this attempt is valid.
18]

CH3OH has been found to be useful in the synthesis of other organic
compounds. In one process, CHsOH is used as a raw material for the
preparation of organic solvent dimethyl ether, CHsOCHa.

Suggest a suitable synthetic route leading to the formation of CHsOCHa.
[31
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(e) Scientists are hoping to use methanol to power a fuel cell in the car instead of
burning petrol in an internal combustion engine. The fuel cell generates an
electric current which drives an electric motor.
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One possible design of a methanol fuel cell under investigation is shown
below.
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