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ABSTRACT We decided to study the process of converting light energy to chemical energy in 
photosynthesis. To do this, we made a three-layer artificial model containing a reducing 
agent, a photocatalyst, an electron transfer chemical, and an oxidizing agent. The oxidizing 
agent was only reduced when benzoquinone alone was used in the middle layer. A 
potential difference across the layers was only measurable when this experiment was 
performed in light. We can, therefore, conclude that in our model, benzoquinone plays a 
role in photo catalysis and electron transfer.

Introduction

We focused on the ability of photosynthesis to convert 
light energy into chemical energy efficiently. In order 
to investigate this, we agreed to study an artificial 
model of the reaction under laboratory conditions. 
The experiment was done using a three-layer system 
[Figure 1].

The upper layer is a reducing agent. The middle layer 
contains a photocatalyst and an electron transfer 
chemical. The lower layer is an oxidizing agent. By 
separating into three layers, the reaction becomes 
similar to plant photosynthesis, and that makes it 
easier to investigate which layers react.

We used oxalic acid in aqueous solution as a reducing 
agent, zinc porphyrin (ZnP)  in cyclohexane solution 
as a photocatalyst, benzoquinone (Q) in a solution 
of chlorobenzene as an electron transfer chemical, 
and phosphomolybdic acid (PMo) aqueous solution 
as an oxidizing agent.

When light hits the three-layer system, zinc porphyrin, 
which is a photocatalyst, becomes excited and loses 
electrons. Benzoquinone, which is an electron transfer 
chemical, receives electrons from the photocatalyst 
and protons (H+ ions) from the reducing agent, and, 
as a result, changes to hydroquinone. Electrons then 
move from the reducing agent to zinc porphyrin, 
returning it to its previous state. Finally, hydroquinone 
passes hydrogen atoms to Phosphomolybdic acid. 
Phosphomolybdic acid changes color from yellow 
to green when it is reduced. This is summarized as 
follows:

2ZnP→2ZnP++2e-

Q+2e-→Q2-, Q2-+2H+→H2Q
 

2ZnP++2e- → 2ZnP

H2Q+PMo →Q+H2PMo 

Artificial photosynthesis
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Materials and Methods

Since four chemicals are used in the middle layer, 
it was difficult to specify the reaction pathway. For 
this reason, we decided to simplify the middle layer, 
and we prepared two hypotheses. One was that only 
zinc porphyrin is needed in middle layer. Although 
the time for which zinc porphyrin remains excited 
is very short, but if it gets excited near the surface 
of separation, it will probably emit electrons to the 
lower layer.

The a l ternat ive hypothesis  was that  only 
benzoquinone is needed in the middle layer. 
Through preliminary experiments,  it was found that 
benzoquinone gets excited when illuminated. From 
this, we thought that benzoquinone could be used 
as a photocatalyst and an electron transfer agent in 
our three-layer system. We experimented to verify 
these hypotheses.

To verify the hypotheses, the following procedure 
was used:
•	 Test tubes were prepared and labeled 1 to 

6, varying the presence of zinc porphyrin 
andbenzoquinone. In addition, we shone a light 
on the odd-numbered test tubes (Table 1 shows 
the conditions in each test tube).

•	 If phosphomolybdic acid changed its color from 
yellow to green, we can conclude that the reaction 
occurred.

•	 If the reaction is confirmed, we connected the 
upper layer and lower layer with a salt bridge 
[Figure 2] and measured the voltage across the 
layers with a voltmeter.

Results and Discussion

As aforementioned, phosphomolybdic acid changes 
its color from yellow to green when reduced. 

As seen in Figure 3, the solutions in test tubes 1, 2, 
5, and 6 remained yellow. Test tube 3 turned a dark 
green while test tube 4 turned a light green. Hence, 
I concluded that the test tubes in which a reaction 
occurred were test tubes 3 and 4. These were the 
test tubes with only benzoquinone and a solvent. 
Therefore, we can conclude that benzoquinone plays 
a role in photo catalysis and electron transfer.

Next, we measured the voltage across the layers. 
Test tube 3 gave rise to a voltage of 0.10 V and test 

tube 4 resulted in zero voltage. So, the reaction which 
occurred without light (the reaction in test tube 4) can 
be ignored. 

Figure 1: Image of the three-layer system

Figure 2: Image of salt bridge

Figure 3: Photograph of the appearance of the test tubes

Table 1: The different conditions present in the test tubes 
1 2 3 4 5 6

Light   
Upper layer
Middle layer Zinc porphirin    

Benzoquinone    
Lower layer      
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It looked like the reverse reaction had occurred in test 
tube 1 between benzoquinone and zinc porphyrin.

Conclusion

We can, therefore, conclude that in our model, 

benzoquinone plays a role in photo catalysis and 
electron transfer. In future experiments, we hope 
to use benzoquinone and solvent, and we hope to 
examine why test tube 4 reacted without light. Finally, 
we hope to experiment with water as occurs in plant 
photosynthesis.
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