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Photosynthesis is the complex biochemical process by which autotrophic organisms convert sunlight into chemical energy that can be used by themselves and by all the rest of the organisms on earth. Recently, Tom Moore, Ana Moore, Devens Gust and Wayne Frasch at the Arizona State University Dept. of Chemistry and Biochemistry have constructed artificial nanoscale biochemical devices that mimic this process. They have done this by studying the photosynthesis in purple non-sulfur photosynthetic bacteria. These artificial organelles can convert solar energy into chemical energy.
Photosynthesis in purple non sulfur bacteria.
This photosynthesis is similar to that of plants, but is much better understood. It is a two part process, in which the energy of a photon is used to push a proton across a lipid bilayer, establishing potential energy across the membrane, and then this energy is converted to chemical energy. 

1. Antenna. It’s purpose is to transfer the energy of a photon to the reaction center. It consists of a chain of bacteriochlorophyll molecules, each converting an atom in the center of the molecule to a singlet state (exited state with a different electron configuration) when hit by a photon. Being in a singlet state, it transfers its energy to the adjacent molecule bringing it into a singlet state and thus returning to it’s original state. The chain of bacteriochlorophylls ultimately leads to the reaction center. So, when photon hits any part of the antenna, its energy will be transferred through the chain of bacteriochlorophylls to the reaction center.

2, Reaction center. At the end of the bacteriochlorophyll chain is a bacteriophytin molecule found in the reaction center. When the energy of the photon reaches this molecule, it frees an electron from it. This electron attracts a proton from the outside of the membrane. These two combine to form an atom of hydrogen. When this occurs twice, the two hydrogens attach themselves to a quinone molecule, many of which are found floating free in the reaction center. Since two protons enter the membrane, a -2 charge is left outside of the membrane, and a +2 charge is left on the bacteriophytin molecule.. In summary, the energy of two photons was used to create a 
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 molecule. When, in the reaction center, there becomes more 
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 molecules than Q molecules, they begin to diffuse into the cytochrome bc complex.
3. Cytochrome bc complex. It  contains enzymes that reduce 
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 molecule, this energy is released when the molecule is reduced. This energy is used to separate 
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 into 2 electrons and 2 protons, and pump the two protons outside the membrane, to the side opposite to where the -2 charge was left, resulting in a +2 charge there. The two electrons diffuse through the c-type cytochrome to the reaction center, where they annul the +2 charge on the bacteriophytin. 
The result of this whole process is a -1 charge on one side of the membrane and a +1 charge on the other. This potential is used to produce ATP 
Artificial photosynthesis.
1. Mimicking the antenna. The purpose of the antenna is, when a photon hits any part of it, to absorb the energy of this photon, transfer this energy to a specific atom, use it to free an electron from the atom, and transfer this electron to the reaction center. Here is the structure of the artificial antenna:
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It consists of two similar parts: a zinc tetraarylporphyrin (Pz,) and a free base porphyrin (P). They are linked together by an amide bond. The structure of these two molecules is the same, except that in the center of the Pz is a zinc atom with four bonds, and in the center of the P are two hydrogen atoms, each bonded to a nitrogen atom. The chemical property of each of the two molecules is that when a photon hits any atom, that atom absorbs its energy and becomes a singlet state atom. Since the rings are made of carbons, and carbon atoms are not stable in the singlet state, the atom that was hit with the photon transfers its energy to the next atom, bringing it into a singlet state atom. This atom transfers its singlet state onto the next atom. This repeats until the energy reaches the zinc atom, which emits an electron upon receiving this energy. The electron makes its way to the center of porphyrin, which attracts electrons because it has two hydrogen atoms, each bonded to a nitrogen atom. The NH molecule has a sum of 6 valence electrons, and needs 2 for an octet, and therefore attracts electron. The result of a photon hitting this molecule is a positive charge on the zinc tetraarylporphyrin and a negative charge on the free base porphyrin. 
2. Mimicking the reaction center
The purpose of the reaction center is to use the energy collected by the antenna to separate charge. 
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The porphyrin is connected to a fullerene molecule. A fullerene molecule is a spherical molecule made of 60 carbon atoms. It is a very good electron acceptor. If there is an electron on any of the two NH molecules in the porphyrin, it will immediately jump to the fullerene and create charge separation.
The implementation of the described above scheme poses a problem, since it was found that this charge separated state does not last long due to the proximity of the zinc tetraarylporphyrin to the fullerene. It is therefore necessary to separate the zinc tetraarylporphyrin from the fullerene. This is done by attaching a tail of carbon atoms to the porphyrin, and attaching the zinc tetraarylporphyrin to the end of the tail:
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Four zinc tetraarylporphyrin can be attached to the porphyrin.
However, this structure also proved to be problematic. Due to the chemical properties of the fullerene, it prevented the zinc tetraarylporphyrin from transferring more that one electron to it. So, the team of scientists tried to use the quinone from bacteria instead of the fullerene. This produced a successful result:
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So, here is what the structure does. When a photon hits any of the four zinc tetraarylporphyrins (also called cartenoids), it frees an electron from a zinc atom. The electron is transferred to the porphyrin (written as 
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Trans-membrane proton pumping
To create a proton pump, the CPQ molecules are inserted into a circular lipid bilayer along with 2,5-diphenylbenzoquinone (Qs) molecules. A Qs molecule is a bacteria-derived chemical that can accept an electron from a quinone molecule. The lipid bilayer was formed from a 1O:l mixture of egg phosphatidylcholine and egg phosphatidic acid containing 20% cholesterol. Structures like these, in which biochemical mechanisms are incorporated into a lipid bilayer are called liposomes Here is a diagram of the proton-pumping process:
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When a photon hits a CPQ molecule, it’s energy is used to separate the charges on the molecule to make it 
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. Because the Qs has a -1 charge, it picks up a proton from the outside of the membrane becoming 
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 accepts the electron from QsH, breaking the bond between Qs and H and releasing the energy of the photon. This energy is used to pump the 
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 to the outside of the membrane, to the side opposite to which the proton was taken from. Thus, a +1 charge is created on one side of the membrane, and a --1 charge on the other. The potential energy across the membrane resulting from the pumping of one proton is equal to the energy of the absorbed photon.

ATP synthesis
In plants and bacteria, the potential energy of the proton transferred across the membrane is used to convert an ADP molecule into an ATP molecule, which has a higher bonding energy than ADP. ATP is then used to make carbohydrates. The scientists at Arizona state university have figured out how to incorporate ATP synthesis into the liposomes. In the thylocoid membranes of plants and bacteria, there are enzymes called ATP synthase that conduct ATP synthesis. The biochemistry of ATP synthase is extremely complex and not understood by scientists. So, these enzymes are extracted from spinach and implanted into the liposomes. The process of extraction is simple. Spinach cells are subjected to heat and strong electrical current. The cells disintegrate into their component carbohydrates, lipids, and proteins. This mixture is run through electrophoresis. It possible to calculate the distance from the wells at which the ATP synthases will end up. These enzymes are extracted from their place in the gel and then are implanted into the liposome discussed earlier along with ADP molecules, Pi (a chemical used in ATP synthesis), and an initial supply of ATP to start the process:
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Thus, an artificial organelle has been created from egg-derived lipids, bacterial chemicals, and enzymes extracted from spinach, that can transform light energy into chemical energy!
Applications
Many applications to this breakthrough in biotechnology can be envisioned. But since this is a relatively new development, none of the following have been put into practice yet.
The first liposome mentioned (the one without the ATP synthase) can be made into a very efficient solar battery. It can be made flat instead of circular, and put on a metal sheet. A network of tiny wires all connected to one large wire can be put on top of the liposome. When light hits this system, the wires would gain a + charge and the plate, a – charge. The wire and plate could be connected to an electrical appliance. The CPQ charge separators are almost 100% efficient, so this battery would be more efficient than a silicon solar battery, which only has a 14% efficiency. But the Qs encounters friction when traveling across the membrane. This would decrease the efficiency of such a battery. If some kind of chemical lubrication to this molecule could be devised, a 100% efficient solar battery could be envisioned.
The first liposome mentioned could also empower nanoscale robots. The liposome producing ATP could be a source of energy for artificial organisms of the future.
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