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Introduction:
Part 1. Experiment 1. Effect of Light Intensity on Photosynthesis
Light intensity refers to the luminous power of a light source. In other words, it can simply be defined as the brightness that is associated with light energy. To explain the relation between the light intensity and photosynthesis rate, it can be hypothesized that the rate of O2 production due to photosynthesis increases linearly with light intensity at low intensity, but at higher intensity this is no longer the case. According to this hypothesis, it is expected to observe that the rate of O2 production decreases linearly with decreasing light intensity by moving the lamp further. This rate will then gradually falls off and at a certain light intensity the rate of photosynthesis stay constant. Here a rise in light intensity has no affect on the rate of photosynthesis as the other factors such as temperature and carbon dioxide become limiting. During this experiment, a light source will be put on different distances from a Camboda stem and then the rate of O2 production will be measured which provides us the rate of photosynthesis in that plant.

Part 1. Experiment 2. Effect of Light Quality on Photosynthesis
Light particles have different amounts of energy. The amount of energy of each light particle is determined by its wavelength. The relative number of light particles at each wavelength describes the light quality. In other words, light quality refers to the spectral distribution of light, or the relative number of photons of blue, green, red and other portions of the light spectrum emitted from a light source. It can be hypothesized that the rate of O2 production rate (due to the change in the rate of photo synthesis) changes with the light color and it is expected to observe that this rate is the highest for blue and after that we will have the highest rate for the red and then the green color. In this experiment, different filters will be used in front of a light source with the same distance from a Camboda plant and the rate of O2 production will be measured which will allow us to measure the rate of photosynthesis. 
Part 2. Absorption Spectrum of Spinach Extract
	Absorption spectrum is the electromagnetic spectrum, broken by a specific pattern of dark lines or bands, observed when radiation traverses a particular absorbing medium (The spinach extract in this case). The absorption pattern is unique and the purpose of this experiment is to identify the wavelengths that are absorbed, transmitted or reflected by the photosynthetic pigments. During this experiment, a spinach extract will be placed in the spectrophotometer and the absorbance and the transmittance will be recorded.

Part 3. Thin-layer chromatography of spinach extract
Photosynthetic pigments are the pigments responsible for the capture of light energy during the light-dependent reactions of photosynthesis. And the retention factor is defined as a measure of the time the sample component resides in the stationary phase relative to the time it resides in the mobile phase. In simpler terms it is states how far the material flows up the paper versus how far the solvent flows up the paper. In this experiment, the thin-layer chromatography will be used on the spinach extract. This will help us to distinguish and identify the photosynthetic pigments present in that extract.



Results:

Figure 1. The rate of oxygen production in Camboda (mL O2/min) versus the lamp distance from the plant (cm). This graph is showing the class mean value and the error values of 10 groups. The curve fitting method used is exponential fitting. The regression equation is y = 0.0309e-0.056x and the coefficient of determination is R² = 0.9955.
	

	

	











Figure 2. The rate of oxygen production in Camboda (mL O2/min) versus the lamp distance from the plant (cm). This graph is showing the class mean value and the error values of 10 groups. The curve fitting method used is polynomial fitting. The regression equation is y = 6E-08x2 - 6E-05x + 0.0185 and the coefficient of determination is R² = 1.






Figure 3.  The change of light absorbance by the spinach extract, using different wavelengths (nm) in the spectrophotometer. The data were collected individually and they were fitted in the graph by connecting the lines.




Figure 4.  The change of light absorbance (%) by the spinach extract, using different wavelengths (nm) in the spectrophotometer. The data were collected individually and they were fitted in the graph by connecting the lines.



Table 1. Thin-layer chromatography results of the spinach extract. This table is shown the color, pigment, retention factor of the extract and then it examines if it is, then the color of the florescent. These data are collected individually. 

	Color
	Probable Pigment
	Rf a value
	Florescent and Color

	Yellow-Orange
	Carotenes
	0.97
	No

	Blue-Green
	Chlorophyll a
	0.63
	Yes-Red and Orange

	Yellow-Green
	Chlorophyll b
	0.53
	Yes-Red and Orange

	Lighter Yellow-Green
	Chlorophyll b
	0.46
	Yes-Red and Orange

	Yellow
	Xanthophyll
	0.31
	Yes-Red and Orange

	Yellow-Green
	Chlorophyll b
	0.20
	Yes-Red and Orange


a Rf: Retention Factor.

Verbalization:
             Based on the data collected on figure 1, the further we put the lamp from the test tube containing the Camboda plant, the rate which O2 bubbles are forming decreases exponentially. 
             Figure 2 is showing that the rate of oxygen production is the highest when Camboda is exposed the 410 nm wavelength. This rate decreases to the minimum as the wavelength increases to the 535 nm. After that, the rate starts going up and by the time it reaches 650 nm it has a rate higher than the rate at 535 nm but less than 410 nm.
             According to the figure 3, the absorbance of different wave lengths by the pigments is the highest at 400 nm. This absorbance decreases until it reaches at 520 nm. This absorbance does not show a significant change between 520nm and 620 nm but at 620 nm it starts to increase until it reaches 660 nm. At 660 nm the absorbance starts to dramatically decrease until it gets to the minimum value of absorbance at 700 nm.
             Figure 4 is showing that at 400 nm, the Spinach extract has its minimum value of transmission. This value goes up until it hits the 520 nm. The transmission stays steady between 520nm and 620 nm but at 620 nm it starts to go down until it reaches 660 nm. At 660 nm the absorbance starts to increase with until it gets to the maximum value of transmission at 700 nm.
             Table 1 is showing the data that was collected by doing thin-layer chromatography on the spinach extract. Based on the chromatography, 6 different bonds are observed on the paper and the table is showing us their color, probable pigment, their retention factor and finally it is showing if it is able to observe the florescent and if yes, it is showing their color as well. 
Discussion:
Part 1:
         Light can be described in terms of light quantity and light quality and they can both influence the photosynthesis. The more light a plant absorbs the more the plant is able to photosynthesize. The intensity of the light is the brightness that is associated with light energy while the light quality is the relative number of photons of blue, green, red and other portions of the light spectrum emitted from a light source. Increasing the distance between the light source and the plant, decreases the brightness and therefore the intensity of the light. Figure 1 is showing that when the distance is increased from 25 to 35 and then to 45, as it was expected, it is observed each time that the rate of the oxygen production goes down because the light intensity is going down. On the other hand, figure 2 is showing that the blue color (wavelength = 410 nm) and after that red color (wavelength = 650 nm) are the best color to increase the rate of photosynthesis while the green light (wavelength = 535 nm) is the worst color in the photosynthesis process. The reason is that the chlorophyll molecules of chloroplasts absorb blue and red lights and reflect the green light back to us. By looking at the data, we see green light has the lowest rate of growth, because it is not able to use the light given to it. 
	The results of the first experiment agree with our hypothesis that the rate of O2 production decreases linearly with decreasing light intensity by moving the lamp further. Our observations in experiment two also agree with the hypothesis that the rate of O2 production rate changes with the light color and it is expected to observe that this rate is the highest for blue and after that we will have the highest rate for the red and then the green color.
Part 2. 
            Leaves contain chloroplast that is green in color; therefore they appear green. The function of these chloroplasts is to convert the absorbed sunlight into the energy which will allow the plant to feed on. In order for an object to be visible, that object must reflect light and in this case, the chloroplasts reflect sunlight and make leaves to appear green. According to the figure 3 which is based on the spinach extract spectrum, we can observe that among the visible lights (380 to 700 nm) the highest absorbance is for the blue light and then the red light and we can also see that the lowest absorbance is for the green light. The rate decreases significantly when we enter the invisible spectrum (more than 700 nm). By comparing these results with our results from the second experiment of the first part, it can be reasoned that the absorbance has a positive correlation with the rate of photosynthesis. The most important colors for the photosynthesis process are blue-violet ends of the spectrum as well as the yellow-orange. The reason is that the rate of the photosynthesis is higher when the plant is exposed to these colors since different chlorophylls absorb most of their energy from this range of light spectrum. It is important to remember that different colors are not absorbed equally by plants. Chlorophyll does not absorb all the colors of visible light equally. Chlorophyll a is the most important light-absorbing pigment in plants which does not absorb light in the green part of the spectrum. Chlorophyll will reflect the light in this range of wavelengths. This is the reason why chlorophyll is green and also why plants (which contain a lot of chlorophyll) are also green.


Part 3.
          There are four different pigments that we could find in the spinach extract. They are: Chlorophyll a, Chlorophyll b, Xanthophyll and Carotenoids. Each pigment is the reason of a certain color from green and yellow to orange and red. These pigments are all considered to be different types of photosynthetic pigments. Among these pigments, chlorophyll a which all plants, algae, and cyanobacteria which photosynthesize contain this type of pigment. Chlorophyll b, Xanthophyll and Carotenoids are considered to be accessory pigment. Accessory pigments cannot transfer sunlight energy directly to the photosynthetic pathway, but must pass their absorbed energy to chlorophyll. For this reason, they are called accessory pigments. Although there are different types of pigments in spinach (such as chlorophyll a, chlorophyll b, carotenes or xanthophylls), they appear green to our eyes. The reason is that Chlorophyll a, which is the major pigment in green plants, gives spinach its color and because there is a larger amount of chlorophyll a in the spinach, only the green color can be seen. When trees start preparing to lose their leaves they start to break down the chlorophyll which because it is an expensive molecule for the tree to make as since it has nitrogen. The tree removes that nitrogen and keeps it for the next growing season. The chlorophyll masks the color of the other compounds in the leaf like carotenes (which they cause the orange and yellow colors). Because of this, as the chlorophyll in the leaves is broken down, other pigments become visible and the leaves change color to that of the other dominant pigments in the leaves, red, yellow and orange.


Conclusion:
      Photosynthesis rate has a positive correlation with the light intensity and as the light intensity increases, the rate gets faster at the same time. Light quality is another factor influencing the photosynthesis rate and blue and red lights can result in a higher rate than the green light. There are four types of pigments in the spinach extract (Chlorophyll a, Chlorophyll b, Xanthophyll and Carotenoids) and among these pigments, Chlorophyll is the one that reflects the green light and results in the green color on the leaves.
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