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(a) accept proton / hydrogen ion / H+ / H ion as equivalent 
throughout
1	 reduced, NAD / FAD ; A NADH / NADH2 / NADH + H+ for 

reduced NAD
2	 passed to ETC ;
3	 inner membrane / cristae ;
4	 hydrogen released (from reduced, NAD / FAD) ; R H2

5	 split into electrons and protons ; A released as electron and 	
	 proton
6	 electrons pass along, carriers / cytochromes ; A electrons 

pass along proteins of, ETC / carrier chain
7	 energy released pumps protons into intermembrane space ;
8	 proton gradient is set up ; A concentration gradient of 

protons is created A full description
9	 protons diffuse, (back) through membrane / down gradient ;

A protons diffuse into matrix
10	ATP synthase / stalked particles / protein channels ;

A ATP synthetase R ATPase
11	(ATP produced from) ADP and (inorganic) phosphate ; A 

context for ‘final’
12	idea of oxygen as final electron acceptor ;
13	addition of proton (to oxygen) to form water / (oxygen) 

reduced to water ;			           	  [max 8]

(b) 1	 pyruvate formed by glycolysis ;
2	 reduced NAD formed by glycolysis ;
3	 pyruvate decarboxylated / AW ;
4	 ethanal produced ;
5	 pyruvate decarboxylase ;
6	 ethanal is, hydrogen acceptor / reduced ; A gains H or gains 

H+ and e–
7	 from / by, reduced NAD ;
8	 ethanol formed ;
9	 ethanol / alcohol, dehydrogenase ;
10	not reversible reaction ;
11	NAD, regenerated / can now accept hydrogen atoms ;

A reduced NAD oxidised
12	so glycolysis can continue ; 			     [max7]

[Total: 15]

9(a)

9(b)
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throughout
1	 reduced, NAD / FAD ; A NADH / NADH2 / NADH + H+ for 

reduced NAD
2	 passed to ETC ;
3	 inner membrane / cristae ;
4	 hydrogen released (from reduced, NAD / FAD) ; R H2

5	 split into electrons and protons ; A released as electron and 	
	 proton
6	 electrons pass along, carriers / cytochromes ; A electrons 

pass along proteins of, ETC / carrier chain
7	 energy released pumps protons into intermembrane space ;
8	 proton gradient is set up ; A concentration gradient of 

protons is created A full description
9	 protons diffuse, (back) through membrane / down gradient ;

A protons diffuse into matrix
10	ATP synthase / stalked particles / protein channels ;

A ATP synthetase R ATPase
11	(ATP produced from) ADP and (inorganic) phosphate ; A 

context for ‘final’
12	idea of oxygen as final electron acceptor ;
13	addition of proton (to oxygen) to form water / (oxygen) 

reduced to water ;			           	  [max 8]

(b) 1	 pyruvate formed by glycolysis ;
2	 reduced NAD formed by glycolysis ;
3	 pyruvate decarboxylated / AW ;
4	 ethanal produced ;
5	 pyruvate decarboxylase ;
6	 ethanal is, hydrogen acceptor / reduced ; A gains H or gains 

H+ and e–
7	 from / by, reduced NAD ;
8	 ethanol formed ;
9	 ethanol / alcohol, dehydrogenase ;
10	not reversible reaction ;
11	NAD, regenerated / can now accept hydrogen atoms ;

A reduced NAD oxidised
12	so glycolysis can continue ; 			     [max7]
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(a) accept proton / hydrogen ion / H+ / H ion as equivalent 
throughout
1	 reduced, NAD / FAD ; A NADH / NADH2 / NADH + H+ for 

reduced NAD
2	 passed to ETC ;
3	 inner membrane / cristae ;
4	 hydrogen released (from reduced, NAD / FAD) ; R H2

5	 split into electrons and protons ; A released as electron and 	
	 proton
6	 electrons pass along, carriers / cytochromes ; A electrons 

pass along proteins of, ETC / carrier chain
7	 energy released pumps protons into intermembrane space ;
8	 proton gradient is set up ; A concentration gradient of 

protons is created A full description
9	 protons diffuse, (back) through membrane / down gradient ;

A protons diffuse into matrix
10	ATP synthase / stalked particles / protein channels ;

A ATP synthetase R ATPase
11	(ATP produced from) ADP and (inorganic) phosphate ; A 

context for ‘final’
12	idea of oxygen as final electron acceptor ;
13	addition of proton (to oxygen) to form water / (oxygen) 

reduced to water ;			           	  [max 8]

(b) 1	 pyruvate formed by glycolysis ;
2	 reduced NAD formed by glycolysis ;
3	 pyruvate decarboxylated / AW ;
4	 ethanal produced ;
5	 pyruvate decarboxylase ;
6	 ethanal is, hydrogen acceptor / reduced ; A gains H or gains 

H+ and e–
7	 from / by, reduced NAD ;
8	 ethanol formed ;
9	 ethanol / alcohol, dehydrogenase ;
10	not reversible reaction ;
11	NAD, regenerated / can now accept hydrogen atoms ;

A reduced NAD oxidised
12	so glycolysis can continue ; 			     [max7]
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(a) accept proton / hydrogen ion / H+ / H ion as equivalent 
throughout
1	 reduced, NAD / FAD ; A NADH / NADH2 / NADH + H+ for 

reduced NAD
2	 passed to ETC ;
3	 inner membrane / cristae ;
4	 hydrogen released (from reduced, NAD / FAD) ; R H2

5	 split into electrons and protons ; A released as electron and 	
	 proton
6	 electrons pass along, carriers / cytochromes ; A electrons 

pass along proteins of, ETC / carrier chain
7	 energy released pumps protons into intermembrane space ;
8	 proton gradient is set up ; A concentration gradient of 

protons is created A full description
9	 protons diffuse, (back) through membrane / down gradient ;

A protons diffuse into matrix
10	ATP synthase / stalked particles / protein channels ;

A ATP synthetase R ATPase
11	(ATP produced from) ADP and (inorganic) phosphate ; A 

context for ‘final’
12	idea of oxygen as final electron acceptor ;
13	addition of proton (to oxygen) to form water / (oxygen) 

reduced to water ;			           	  [max 8]

(b) 1	 pyruvate formed by glycolysis ;
2	 reduced NAD formed by glycolysis ;
3	 pyruvate decarboxylated / AW ;
4	 ethanal produced ;
5	 pyruvate decarboxylase ;
6	 ethanal is, hydrogen acceptor / reduced ; A gains H or gains 

H+ and e–
7	 from / by, reduced NAD ;
8	 ethanol formed ;
9	 ethanol / alcohol, dehydrogenase ;
10	not reversible reaction ;
11	NAD, regenerated / can now accept hydrogen atoms ;

A reduced NAD oxidised
12	so glycolysis can continue ; 			     [max7]

[Total: 15]
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(a) accept proton / hydrogen ion / H+ / H ion as equivalent 
throughout
1	 reduced, NAD / FAD ; A NADH / NADH2 / NADH + H+ for 

reduced NAD
2	 passed to ETC ;
3	 inner membrane / cristae ;
4	 hydrogen released (from reduced, NAD / FAD) ; R H2

5	 split into electrons and protons ; A released as electron and 	
	 proton
6	 electrons pass along, carriers / cytochromes ; A electrons 

pass along proteins of, ETC / carrier chain
7	 energy released pumps protons into intermembrane space ;
8	 proton gradient is set up ; A concentration gradient of 

protons is created A full description
9	 protons diffuse, (back) through membrane / down gradient ;

A protons diffuse into matrix
10	ATP synthase / stalked particles / protein channels ;

A ATP synthetase R ATPase
11	(ATP produced from) ADP and (inorganic) phosphate ; A 

context for ‘final’
12	idea of oxygen as final electron acceptor ;
13	addition of proton (to oxygen) to form water / (oxygen) 

reduced to water ;			           	  [max 8]

(b) 1	 pyruvate formed by glycolysis ;
2	 reduced NAD formed by glycolysis ;
3	 pyruvate decarboxylated / AW ;
4	 ethanal produced ;
5	 pyruvate decarboxylase ;
6	 ethanal is, hydrogen acceptor / reduced ; A gains H or gains 

H+ and e–
7	 from / by, reduced NAD ;
8	 ethanol formed ;
9	 ethanol / alcohol, dehydrogenase ;
10	not reversible reaction ;
11	NAD, regenerated / can now accept hydrogen atoms ;

A reduced NAD oxidised
12	so glycolysis can continue ; 			     [max7]

[Total: 15]
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(a) accept proton / hydrogen ion / H+ / H ion as equivalent 
throughout
1	 reduced, NAD / FAD ; A NADH / NADH2 / NADH + H+ for 

reduced NAD
2	 passed to ETC ;
3	 inner membrane / cristae ;
4	 hydrogen released (from reduced, NAD / FAD) ; R H2

5	 split into electrons and protons ; A released as electron and 	
	 proton
6	 electrons pass along, carriers / cytochromes ; A electrons 

pass along proteins of, ETC / carrier chain
7	 energy released pumps protons into intermembrane space ;
8	 proton gradient is set up ; A concentration gradient of 

protons is created A full description
9	 protons diffuse, (back) through membrane / down gradient ;

A protons diffuse into matrix
10	ATP synthase / stalked particles / protein channels ;

A ATP synthetase R ATPase
11	(ATP produced from) ADP and (inorganic) phosphate ; A 

context for ‘final’
12	idea of oxygen as final electron acceptor ;
13	addition of proton (to oxygen) to form water / (oxygen) 

reduced to water ;			           	  [max 8]

(b) 1	 pyruvate formed by glycolysis ;
2	 reduced NAD formed by glycolysis ;
3	 pyruvate decarboxylated / AW ;
4	 ethanal produced ;
5	 pyruvate decarboxylase ;
6	 ethanal is, hydrogen acceptor / reduced ; A gains H or gains 

H+ and e–
7	 from / by, reduced NAD ;
8	 ethanol formed ;
9	 ethanol / alcohol, dehydrogenase ;
10	not reversible reaction ;
11	NAD, regenerated / can now accept hydrogen atoms ;

A reduced NAD oxidised
12	so glycolysis can continue ; 			     [max7]

[Total: 15]

9(a)

9(b)
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