Fuel Cells					Name_____________________

Some more background information on hydrogen fuel cells:
Hydrogen fuel cells can have solid oxide electrolytes, acidic electrolytes, or basic electrolytes. However, the oxidation of hydrogen gas still occurs at the anode and reduction of oxygen gas still occurs at the cathode. 
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Question 1:
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Question 2:

A proton-exchange membrane (PEM) fuel cell uses pure hydrogen gas as the fuel and a proton exchange membrane as the electrolyte.
[image: ]

(a) Deduce the half-equations for the reactions occurring at the electrodes. [2]

Anode (negative electrode):
Cathode (positive electrode):
(b(i)) Calculate the cell potential, Eθ, in V, using section 24 of the data booklet. [1]

(c) Suggest an advantage of the PEM fuel cell over the lead-acid battery for use in cars. [1]
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Question 4: [image: ]
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The development of the lithium-ion battery won the 2019 chemistry Nobel Prize.

(a) The diagram represents a cell in such a battery delivering a current. Complete the
half-equations on the diagram and identify the species moving between the electrodes.
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(b) The discharge of the lithium-ion battery is a spontaneous chemical reaction producing
a potential difference and an increase in temperature.
(i)  Deduce the signs of the following
(i)  The lithium-ion battery can be recharged by reversing the reactions at each
electrode. Compare the absolute value of AG, . and A,
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Redox systems
2H'(aq)+ 26 = H,(g) E°=000V
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20,(8) +2H'(ag) + 26" = HO()  E"=+123V

Oxidation:  H,(g) + 20H-(aq) — 2H,0() + 2e~
Reduction: %Oz(g] +H,0(1) + 2e” — 20H-(aq)
Overall:  H,(g) ‘%Uz(g) —H0() £, =123V

Oxidation:  H,(g) — 2H*(aq) + 2e"
Reduction: %Uz(g) + 2H*(ag) + 2¢~ — H,0(1)
Overall:  H,(g) + %Uz(g) —H0() E°,,=123V
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2 | Oy(g)+ 2H,0() + 4e- = 40H(aq) +0.40

An alkaline hydrogen-oxygen fuel cell is set up. 0,(g) + 2H,0() + 4e- -> 40H (aq)
2 2 -

The overall equation for the cell reaction is shown below.
2H,(g) + 40H(aq) - 4e +4H,0

2H,(g) + 0,(g) => 2H,0()

2H,(g) + Oy(g) — 2H,0())
Redox system 2 in Table 15.1 is the positive electrode of this cell.

(i) Write the half-equation at the negative electrode.
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[Source: https://en.wikipedia_org/wiki/File:Proton_Exchange_Fuel_Cell_Diagram.svg]
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(b) Modern fuel cells are being developed as an alternative to the direct use of fossil fuels. The,
‘fuel’ can be hydrogen but many other substances are being considered.
In & methanol fuel cell, the overall reaction s the combustion of methanol.

‘As with all fuel cells, the fuel (methanol) is supplied at one electrode and the oxidant (oxygen)
atthe other electrode.

Oxygen reacts at the negative electrode of a methanol fuel cell:
0, + 4H* + 4e= — 2H,0

() Write an equation for the complete combustion of methanol.

(i) Deduce the hali-equation for the reaction that takes place at the positive electrode in a
methanol fuel cell.





