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closely packed to absorb maximum light ; 

vertical/at right angles to surface of leaf to reduce number of cross walls ; 

large vacuole pushes chloroplasts to edge of cell ; 

chloroplasts at edge short diffusion path for carbon dioxide ; 

chloroplasts at edge to absorb maximum light ; 

large number of chloroplasts to absorb maximum light ; 

 cylindrical cells or air spaces to circulate gases/provide a reservoir of CO2 ; 

large surface area for diffusion of gases ; 

moist cell surfaces for diffusion of gases ; 

10 cell walls thin for  maximum light penetration/diffusion of gases ; 

11 chloroplasts can move towards light ; 

12 chloroplasts can move away from high light intensity to avoid damage ;  [8 max] 

(b) 13 Calvin cycle/stroma ;

14 carbon dioxide fixed by RuBP ;

15 rubisco ;

16 2 molecules of GP formed ; A    PGA

17 (GP) forms TP ; A  GALP/PGAL

18 use of ATP ;

19 use of, reduced NADP/NADPH ;

20 from light dependent stage ;

21 some TP forms, hexose/sucrose/starch/cellulose/glycerol ;

22 some TP converted to acetyl CoA ;

23 some TP used to regenerate RuBP ;

24 using ATP ;

allow either mp 18 or mp 24

marks can be awarded on a diagram [7 max] 

[Total: 15] 
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arranged in light harvesting, clusters/system ; 

primary pigments/chlorophyll a ; 

 at reaction centre ;  

P700/P1, absorbs at 700(nm) ; 

P680/P11, absorbs at 680(nm) ; 

accessory pigments/chlorophyll b/carotenoids, surround, primary pigment/reaction 
centre/ chlorophyll a ; 

pass energy to, primary pigment/reaction centre/chlorophyll a ; 

P700 / PI, involved in cyclic photophosphorylation ; 

(light absorbed results in) electron excited/AW ; 

10 emitted from, chlorophyll/photosystem ; 

11 flows along, chain of electron carriers/ETC ; 

12 ATP synthesis ;  

13 electron returns to, P700/P1 ; [8 max] 

(b) 14 photolysis (of water) ;

15 releases H+ ; R H/hydrogen atoms

16 by, P680/PII ;

17 e- released ; 

18 by, P700/PI ;  

19 both combine with NADP ; 

(reduced NADP) 

20 reduces, GP ; A  PGA 

21 to TP ; A PGAL / GALP  

22 ATP used ;  

23 NADP, regenerated/oxidised ;  [7 max] 

[Total: 15] 
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3 (a (i) ref. wavelength
11

22

3 
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 chlorophyll a peaks at 430nm and chlorophyll b peaks at 450nm ; 

 chlorophyll a peaks at 660nm and chlorophyll b peaks at 635–640nm ; 

ref. linking 400–500nm with blue light / ref. linking 600–700nm with red light ; 

(both have) little absorption, between 500–600nm / in green light ; 
A little absorption, chlorophyll a 450–600 and chlorophyll b 500–600 ; 

ref. light absorption 
5 

66

(both) peaks in blue light are higher than peaks in red light ; 

 chlorophyll b higher than chlorophyll a in the blue end / chlorophyll a higher than 
chlorophyll b in the red end / AW ;      A converse 

7 comparative figures for light absorption to illustrate points 5 or 6 ; [3 max] 

ignore units 

 absorbed light used for photosynthesis ; 

higher rate of photosynthesis in red and blue light ; 

action peak(s) / high rate of photosynthesis, correspond to absorption peak(s) ; 

blue / shorter wavelength, light has more energy / ora ; 

not an exact match between absorption and action spectra (in middle region) ; 

(ii) 1

2

3

4

5

6 role of carotenoids / accessory pigments, (in middle region) ; [3 max] 

(iii) they contain chlorophyll ;

green / blue green / yellow green, light reflected ; [2]

(b) W – label line to stroma ;
Y – label line to, granum / intergranal membranes ; [2]
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light not limiting ; 

much, ATP / reduced NADP, available ; 

 CO2 is the limiting factor ; 

because low concentration CO2 (in atmosphere) ; 

 more CO2 combines with RuBP ; 

 ref. rubisco ;  

Calvin cycle / light independent stage ; 

GP to TP ; 

 more hexose produced ; 

10 ref. fate of hexose ; [5 max]

[Total:15] 
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4 (a) 1. biconvex disc ; 
2. 3-10 µm diameter ;
3. double, membrane /  envelope ;
4. internal membrane system ;
5. flattened or fluid-filled sacs / thylakoids ;
6. arranged in stacks / grana ;
7. hold pigments / named pigment ;
8. ref. clusters of pigments / AW ;
9. (membrane of grana) hold ATP synthase ;
10. intergranal lamellae ;
11. stroma / ground substance ;
12. lipids / starch grains ;
13. contains enzymes of Calvin cycle  ;
14. stroma contains ribosomes / DNA etc ;
15. AVP ; e.g. variation in shape between species [9 max] 

accept on labelled diagram 

(b) 16. closely packed --  to absorb more incident light / AW ;
17. palisade mesophyll near upper surface of leaf --  to maximize light interception ;
18. arranged at right angles to leaf surface --  to reduce number of light absorbing walls ;
19. cylindrical cells -- producing air spaces between cells ;
20. air spaces -- act as reservoir of carbon dioxide ;
21. large surface area -- for gas exchange ;
22. cell walls thin -- so short diffusion pathway ;
23. large vacuole -- pushes chloroplasts to edge of cell ;
24. chloroplasts on periphery -- to absorb light more efficiently ;
25. large number of chloroplasts -- to maximise light absorption ;
26. chloroplasts can move within cells -- towards light ;
27. chloroplasts can move away from high light intensity -- to avoid damage ;
28. AVP ; [6 max] 

accept chlorophyll for chloroplast for 23, 24 and 25 only 

[Total: 15] 
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