Photosynthesis Chlorophyll Pigment
Distance Moved by Pigment Band (millimeters)
	Band Number
	Distance (mm)
	Band Color

	1
	7
	Yellow

	2
	61
	Yellow

	3
	23
	Green

	4
	8
	Yellow-Green


Distance Solvent Front Moved 160 (mm)

Table 4.2

.04375=Rf for Carotene (yellow to yellow orange)

.38125=Rf for Xanthophyll (yellow)

.14375=Rf for Chlorophyll a (bright green to blue green)

.05=Rf for Chlorophyll b (yellow green to olive green)

Analysis
Page 47-48: 1-3
· The solvent moves up the paper by capillary action, which occurs as a result of the attraction of solvent molecules of the paper and to one another. Each pigment in the solvent is carried along the paper at different rates due to differences in solubility and formations of intermolecular bonds such as hydrogen bonds, thus separating the pigments.

· No. The solubility of the pigments would differ if they were immersed in different solvents, affecting the distance traveled and thus the Rf values.

· The reaction center contains chlorophyll a. The other pigments, including other chlorophyll a molecule, chlorophyll b, and the carotenoids capture the light energy and transfer it to the chlorophyll a at the reaction center. Carotenoids also function to protect the photosynthesis system from harmful ultraviolet light.
Part B

Purpose

The objective of this experiment is to determine and compare the different rates of photosynthesis of unboiled chloroplasts in the dark, unboiled chloroplasts in the light, and boiled chloroplasts in the light using a colorimeter to measure the light transmittance of each chloroplast solution with DPIP. The presence of light boosts electrons in the chloroplasts to a higher energy level and reduces DPIP, changing it form blue to colorless, thus affecting light transmittance.

Variables
Independent:condition of the chloroplasts (boiled or unboiled, in the light or the dark)
Dependent: The level of light transmittance of each solution over time as measured by the spectrometer. This level represents the photosynthetic rate of the chloroplasts because as more and more electrons are excited to higher energy levels, more DPIP is reduced and changes from blue to clear.
Controls:Type and amount of phosphate buffer in mL, cuvettes, time intervals in which the solution is allowed to photosynthesize (min).

Hypothesis

The unboiled chloroplasts will photosynthesize at greater rates than the boiled chloroplasts. Boiling the chloroplasts would subject the chloroplasts to very high and intense levels of heat which may denature the enzymes present and obstruct photosynthesis. Of the two solutions of unboiled chloroplasts, the chloroplasts placed in light will photosynthesize at a faster rate than the chloroplasts placed in the dark. The process of photosynthesis requires light as a source of energy for the reaction to take place. The chloroplasts placed in the dark will not have this energy source and would thus occur at a slower rate. The solution with no chloroplasts will not photosynthesize.

Procedure

First, a heat sink was set up with a beaker of water placed between the light source and the samples. The ice bucket was filled with ice to create an ice bath to preserve the chloroplasts and the phosphate buffer. The cuvettes, labeled 1-5, were cleaned with lint free tissue so that the light transmittance would not be affected by any fingerprints or smudges. A foil container was constructed for cuvette 2 to keep the light out of its solution. Boiled and unboiled chloroplasts were obtained in pipettes which were then inverted and placed in the ice bath. The set amounts of phosphate buffer, distilled water, and DPIP were then added to each corresponding cuvette. After the cuvettes were prepared, the computer program to read the colorimeter was set up and linked to the colorimeter. Three drops of unboiled chloroplasts were added to cuvette one, the solution was shaken, and then placed carefully into the slot of the colorimeter. This solution served to set the first calibration point of the colorimeter at 0% light transmittance. The second point of calibration was then set. Three drops of unboiled chloroplasts were then added to cuvette 2 after which the stopwatch as immediately started and the light transmittance immediately recorded. The cuvette was then placed in its foil encasing and placed in the light. Three drops of unboiled chloroplasts were added to cuvette 3 after which the time and light transmittance were immediately recorded. It was then transferred to the light. Three drops of boiled chloroplasts were added to cuvette 4 after which the time and light transmittance were immediately recorded. Then it was transferred back into the light. The time and transmittance of the control, cuvette 5, with no chloroplasts were then recorded. The transmittance of each cuvette was then recorded following the same procedure at 5 minutes, 10 minutes, and 15 minutes until data was complete.

Data
	
	
	Group #/%Transmittance
	

	
	Time (min)
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	Average

	Cuvette #2
	0
	13.9
	20.3
	14.8
	15.3
	16.2
	0
	16.5
	18.4
	25.5
	18.4
	21.3
	21.6
	21.2
	21.7
	17.499

	Unboiled
	5
	15.6
	17.2
	17.2
	22.3
	16.5
	0
	16.9
	19.1
	35.9
	19.3
	22.3
	23.5
	22.7
	22
	19.318

	Dark
	10
	16.2
	22.9
	17.1
	21.7
	16.5
	0
	16.6
	18.9
	36.8
	20.8
	22.7
	24.3
	22
	22.2
	19.901

	
	15
	16.2
	22.2
	16.6
	21.4
	15.7
	0
	16.2
	18.1
	34.4
	20.4
	21.7
	18.8
	21.3
	21.8
	18.916

	Cuvette #3
	0
	13.8
	17.4
	14.5
	20.6
	16.9
	17.8
	14.1
	18.9
	24.9
	17.3
	20.1
	14.8
	21.2
	21
	18.088

	Unboiled
	5
	99.9
	97.4
	50.6
	106
	101
	91
	43.9
	98.2
	102
	57.2
	92.2
	59.5
	92.5
	93.3
	84.631

	Light
	10
	102
	96.7
	104
	122
	102
	90.3
	90.2
	99.6
	103
	78.1
	94.2
	74.4
	95.7
	96.1
	96.26

	
	15
	98.1
	95.5
	104
	120
	103
	89.2
	89.2
	97
	102
	79.6
	95.4
	92.6
	95.1
	95.8
	96.834

	Cuvette #4
	0
	19.1
	22
	23.1
	33.5
	24.2
	27
	25.2
	20.9
	27.9
	22.6
	24.5
	16.9
	26.6
	27.1
	24.319

	Boiled
	5
	23.3
	18.3
	28
	28.5
	24
	32.2
	31.1
	26.4
	32.5
	25.3
	25.4
	17.1
	36.6
	36.8
	27.547

	Light
	10
	26.2
	20.3
	29
	30.8
	28
	32
	31.5
	27.1
	32
	25
	25.4
	12.9
	39.7
	38.7
	28.466

	
	15
	25.8
	27.9
	29
	32.4
	31.8
	32.4
	31.4
	31.4
	32.5
	26.4
	27.1
	12.3
	40.4
	40.4
	30.075

	Cuvette #5
	0
	23.4
	19
	21.5
	32.7
	29.4
	21.2
	18.5
	22.7
	34
	24.5
	26.2
	29.4
	25.8
	24.8
	25.221

	No CP
	5
	20.3
	22.4
	21.4
	28.2
	31
	21.8
	17.7
	22.7
	33.4
	21.4
	23.8
	28.1
	25.7
	24.4
	24.452

	
	10
	22.1
	17.7
	21.1
	27
	23
	20.9
	17.1
	22.7
	32.8
	21.2
	21.9
	17.3
	25.8
	25.7
	22.595

	
	15
	22.1
	21.5
	20.9
	26.8
	22.6
	20.5
	17
	22.3
	32.3
	21.1
	21.3
	18.9
	25.9
	25.5
	22.768


Conclusion

The data confirmed the hypothesis in that the unboiled chloroplasts in the light showed a greater rate of change in transmittance (4.957 %/min) than those in the dark (.0967 %/min) and those that were boiled (.3638 %/min). The rate of light transmittance in the cuvettes represented the photosynthesis occurring. In cuvette 2 no photosynthesis occurred because it was in the dark. Photosynthesis requires light. Since no light was provided to the cuvette, there was no photosynthesis. As a result, there was a small to no change in the transmittance, confirmed by the data. At starting time, 0 minutes, the rate of transmittance was 17.499 %, and in the end the rate was 18.916%. The change was minimal and not significant. This probably occurred because of the light exposure to the chloroplasts when it was transferred from the aluminum covering to the colorimeter slot. Also, the DPIP tends to break down on own which could have caused a change in transmittance. Cuvette 3 demonstrated a large increase in transmittance as expected. Light was provided to the cuvette and chloroplasts were present as well. Light plus chloroplasts will result in photosynthesis, thus creating a large increase in light transmittance. The initial rate of transmittance was 18.088%. After the 15 minutes, the rate increased to 96.834%. The great increase in the rate of transmittance proves that the light and chloroplasts worked together to perform photosynthesis. Cuvette 4 also showed little increase as expected. The cuvette contained boiled chloroplasts. Boiling the chloroplasts subjected the chloroplasts to enough heat as to damage the chloroplasts and denature its enzymes. 24.319% was the initial rate of transmittance, and the ending rate was 30.075%. There was a slight difference; however, the little change in transmittance was most likely caused by the DPIP. DPIP is broken down by light. Cuvette 4 was exposed to light, thus causing the decomposition of DPIP, which in turn changed the transmittance. There was no change in transmittance in cuvette 5 because no chloroplasts were present. In order for photosynthesis to take place, chloroplasts must be present as they absorb the light energy to produce food. The little change of transmittance may have occurred due to bad data or human error.

Analysis
Pages 52-53: 1-8
· The DPIP provides a means to measure the rate of photosynthesis. As electrons boosted to a higher energy level by light reduces the DPIP, its color changes from blue to colorless, thus affecting the light transmittance.

· The electron acceptor NADP

· The light provides the energy to boost the electrons within the photosystem to a higher energy level and reduce DPIP.

· The level of light transmittance in each cuvette, which represented photosynthesis, was measure by the colorimeter.

· The absence of light obstructed the reduction of DPIP because no energy source was present to boost the electrons to higher energy levels and reduces the DPIP.

· Boiling the chloroplasts also obstructed the reduction of DPIP because proteins were denatured which interfered with the process of photosynthesis and the chloroplasts' ability to perform and reduce DPIP.

· The chloroplasts kept in the light had a source of energy to drive the process of photosynthesis whereas the chloroplasts kept in the dark did not have a source of energy to direct photosynthesis. Again, the level of photosynthesis corresponds to the percentage of light transmittance.
· Cuvette 1: served to calibrate the colorimeter to 0% transmittance where no DPIP is present.

· Cuvette 2: served to demonstrate the necessity of light as an energy source for photosynthesis to occur.

· Cuvette 3: served to demonstrate the process of photosynthesis when the proper conditions of chloroplasts and light are met.

· Cuvette 4: served to show the effects of intense heat on the ability of chloroplasts to function in photosynthesis.

· Cuvette 5: served as a control to show that photosynthesis does not occur in the absence of chloroplasts.
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