AP® BIOLOGY
2010 SCORING GUIDELINES (Form B)

Question 1

Biological molecules can be separated by using chromatographic techniques. The diagram shows the
separation of several spinach leaf pigments by paper chromatography. Using the diagram,

(a) Explain how paper chromatography can be used to separate pigments based on their chemical and
physical properties. (4 points maximum)

Separation property Relationship to movement
2 points maximum 2 points maximum
Solubility in solvent used. Greater solubility = further movement.
Molecular size/weight. Smaller size 2 further movement.
Polarity/hydrophobicity/H-bonding. Chemical similarity between solvent/pigment
(solvent: pigment) = further movement.
Adhesion (affinity for paper). Less adhesion = further movement.

e Description of chromatography protocol.

(b) Discuss the role of pigments both in capturing light energy and in converting it to the chemical
energy of ATP and NADPH. (3 points maximum for capturing; 3 points maximum for
converting; 5 points maximum)

Capturing
e [Electromagnetic spectrum is described.

Specific pigments absorb specific wavelength.

Absorption/reflection (e.g., chlorophyll absorbs red/blue; reflects or transmits green).
Pigments are embedded in thylakoid membranes.

Antennae and/or accessory pigments.

Electron energy level is boosted by absorption of photons (light).

Converting
e Photosynthesis is the process.

e Brief description of pathway through photosystems II and I.

e FElectron transport or chemiosmosis, or both, transform light energy to chemical energy
(produce NADPH/H'/ATP).

e Brief description of electron transport or chemiosmosis, or both.
e (Cyclic pathway.
e Splitting of water/photolysis.

0 H' ¢, 0,

(c) Use the ruler shown above to determine the R, value of xanthophyll. Show your calculations.
(2 points maximum)

e Formula or description  dgmenyQsowent
e (Calculation 3.5/75 = 05
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BIOLOGY
SECTION 11 / A
Time—1 hour and 30 minutes ]

Directions: Answer all questions.

Answers must be in essay form. Outline form is not acceptable. Labeled diagrams may be used to supplement
discussion, but in no case will a diagram alone suffice. It is important that you read each question completely
before you begin to write. Write all your answers on the pages following the questions in this booklet.
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1. Biological molecules can be separated by using chromatigraphic techniques. The diagram above shows the
separation of several spinach leaf pigments by paper chromatography. Using the diagram above

(a) Explain how paper chromatography can be used to s;eparaié pigments based on their chemical and physical
properties.

(b) Discuss the role of pigments both in capturing light <nergy and in converting it to the chemical energy of
ATP and NADPH.

(c) Use the ruler shown above to determine the R; val1i: of xanthophyll. Show your calculations.
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Directions: Answer all questions.

Answers must be in essay form. Outline form is not acceptable. Labeled diagrams may be used to supplement
discussion, but in no case will a diagram alone suffice. It is important that you read each question completely
before you begin to write. Write all your answers on the pages following the questions in this booklet.
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1. Biological molecules can be separated by using chromatographic techniques. The diagram above shows the
separation of several spinach leaf pigments by paper chromatography. Using the diagram above

(a) Explain how paper chromatography can be used to.separate pigments based on their chemical and physical
properties.

(b) Discuss the role of pigments both in capturing light energy and in converting it to the chemical energy of
ATP and NADPH.

(c) Use the ruler shown above to determine the R value of xanthophyll. Show your calculations.
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Directions: Answer all questions.

Answers must be in essay form. Outline form is not acceptable. Labeled diagrams may be used to supplement
discussion, but in no case will a diagram alone suffice. It is important that you read each question completely
before you begin to write. Write all your answers on the pages following the questions in this booklet.
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1. Biological molecules can be separated by using chromatographic techniques. The diagram above shows the
separation of several spinach leaf pigments by paper chromatography. Using the diagram above

(a) Explain how paper chromatography can be used to separate pigments based on their chemical and physical
properties.

r*(b) Discuss the role of pigments both in capturing light energy and in converting it to the chemical energy of
ATP and NADPH. ' :

(c) Use the ruler shown above to determine the R; value of xanthophyll. Show your calculations.
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AP® BIOLOGY
2010 SCORING COMMENTARY (Form B)

Question 1

Sample: 1A
Score: 10

A total of 4 points were earned in part (a) for explaining two factors that affect pigment migration during
paper chromatography. The first 2 points were earned for the explanation that strong interactions between
the paper and the pigment will retard the pigment’s movement. The second 2 points were earned for
indicating that pigments that dissolve better in the solvent will diffuse further than those that do not
dissolve as readily. The molecular size points were not awarded since the maximum 4 points had already
been earned.

In part (b) the maximum 5 points were earned. One point was earned for indicating that photosynthesis is
the process for capturing light energy through pigments. Another point was earned for discussion of the
electron transport chain and the production of ATP by chemiosmosis. A point was earned for indicating
that pigments absorb at different wavelengths, using an example of photosystem II absorbing at 680 nm.
A fourth point was earned for the indication that water is split, providing an electron. A point could have
been awarded for describing the electron flow through the photosystems, but the maximum 3 points had
been earned for the conversion of light energy part of the question. The electron flow point was earned for
describing electron movement through the photosystems to NADP*.

One point was earned in part (c) for the correct R¢ formula. The second point for the correct values was not
awarded since the response had already received the maximum 10 points.

Sample: 1B
Score: 7

Two points were earned in part (a) for explaining that size and solubility in a solvent affect pigment
separation. One point was earned for stating that heavier pigments migrate less.

In part (b) 4 points were earned. The point for capturing light energy was earned for stating that “[w]hen
photosystems 2 captures light, an electron is excited.” One point was earned for indicating that
photosynthesis is the process. Two points were earned for describing electron movement through proteins
(electron transport) and for describing ATP synthesis by chemiosmosis. Although the response states that
“a water molecule is broken down,” it does not mention the electron and therefore did not earn a point for
that discussion.

No points were earned in part (c).

Sample: 1C
Score: 6

In part (a) 2 points were earned for explaining that pigments separate due to their masses and that a
lighter pigment (carotene) moves the farthest.

Four points were earned in part (b). One point was earned for the statement in part (a) that pigment color is
because of “the wavelength of light that [it] can't absorb.” One point was earned for explaining that
“photosystems absorb light, which excites electrons.” Another point was earned for the indication that
photolysis produces H*, Ozand electrons. The fourth point was earned for describing the role of electron
transport in ATP production by chemiosmosis.

No points were earned in part (c).
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