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Abstract

Chlorophyll plays an important role during the Photosynthesis which takes place in
plants. During the reaction, chlorophyll A absorbs photons and transfers the energy to
release excited-state electrons to power the whole Photosynthesis. Our research and
experiments are based on the Photosynthesis. Taking advantages of the chlorophyll’s
ability to convert light energy into electric energy, we came up with the idea to create
the new Photoelectric Cells. Photoelectric Cells use matter (metals or non-metallic) to
convert light energy into electric energy. The process to make the Cells is simple and
environment-friendly, which our energy generating material chlorophyll is easy to
access and friendly to environment. All of these made the new Photoelectric Cells a
perfect access to produce green and clean energy. In our experiment, we discussed
different influences to the Cells’ efficiency by changing the condition of the electrolyte,
light, and solution’s concentration, and came up with a reasonable explanation of the
Cells’ chemical reaction mechanism. The results showed that combining chlorophyll
and suitable electrolyte will lead the Cells to a circulation of chemical reaction, and

generate energy continualously*?.



% ~ Introduction

- ~ Motivation

Recent years, there were a lot of researches and references about or
related to energy. Many of them were about using Chlorophylls as the dye in
the dye-sensitized solar cell (DSSC) to improve its efficiency. What we
found in these researches is that they all use chlorophylls only as a dye to
widen the DSSC’s range of the absorption of light’s wavelength. But in
nature, the chlorophylls work during a chain reaction called photosynthesis,
as the chlorophylls absorb photons from the sun light and released
exited-state electrons to produce the energy to power the whole reaction. And
that has a lot more credits than just helping absorbing more light in the DSSC.
Seems that DSSCs haven’t let chlorophylls to reach its full potential in
generating energy. So we brought out a series of experiments using
chlorophylls not as a dye but rather than an energy generating material in our
new photoelectric cells. Experiments and tests about the new photoelectric

cells’ characteristics and efficiency had also been done.

= ~ Purpose

(= ) Using chlorophyll as an energy generating material in the new

photoelectric cells, and infer the reaction formula.

(= )Measure and make up chlorophyll solutions of different
concentrations by using the Beer—Lambert law, and study the

concentrations influence to the cells’ efficiency.

1



-
-

% 1. Chlorophyll Related References Review ( Rewrite from { ¥

(=

photoelectric cells to

) Measure the changes of the fluorescent phenomenon in the new

re-exam and verify our inference.

(= ) Test and discuss the light influence to the new photoelectric cells.

(7 )Compare the efficiency and the phenomenon of the cells” while

respectively using artificial Chlorophyll (Chlorophyll Cu) and

natural Chlorophyll (Chlorophyll Mg).

(= ) Test and discuss the electrolyte influence to the new photoelectric

cells.

(= ) Test and discuss the cells’ efficiency when using natural sunlight

or halogen lamp light.
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~ Main Text

-—

~ Research Equipment

(= ) Ultrasonic Bathing Machine

( = ) Halogen lamp

( = ) Spectrophotometer

(= ) Fluorometer

(L) Silicone rubber sheet

(- - ) Butterfly clips

= ) Syringes and needles

=) KI




—

(7 ) Beaker (L2

(= ) Mortar (+ 7 ) Artificial Chlorophyll Cu
(= ) Ammeter (+ =) Acetone
( ~ ) Measuring cylinder (- = ) Spinach leaves

(4 ) Volumetric flask

~ Research Method and Experiment Process
(=) Introduction of ChlorophylI

There are different kinds of natural chlorophyll, such as
Chlorophyll A, Chlorophyll B, Chlorophyll C1, Chlorophyll C2,
Chlorophyll D, and Chlorophyll F. Most commonly seen is the
Chlorophyll A, which exists in many kinds of plants. We use

Chlorophyll A as our main natural chlorophyll in our experiments.

Artificial chlorophyll mostly has different central metal to the
natural chlorophyll. Most commonly seen is Zinc and Copper. We use

the Copper Chlorophyll as our artificial chlorophyll in our experiments.
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Photosynthesis can be divided into two different process,
Photosystem IT (P680) and Photosystem I (P700). The energy level of
the excited-state electrons which released by Chlorophyll A is around
0.8V. If using Zinc (E°=0.76V) as the conductor, it will be able to
conduct the excited-state electrons out, and generate energy. This
research is based on this inference to design the New Photoelectric cells,

as the schematic diagram shown below.

Electron
Acceptor

Is"+ 2e — 3I

ChI** + 31" — Chl + I3

Bl 2 New Photoelectric Cells working mechanism
= ~ Pre-Experiment
(- ) Experiment design — Extraction of Chlorophyll4 :

1. Clean the spinach leaves with water than put the leaves into

PRI 3 A (R RPFEFEIRESE) (LB T HHREA L 0 1997 £ ) o
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the oven to dry (60°C 1hr).

2. Use the grinding machine to grind the spinach leaves into
small pieces.

3. Mix 20g spinach leaves with 200ml 80% Acetone.

4. Ultrasonic cleaning bath for 30 minutes.

5. Wait for the Acetone to evaporate and add 200m| water.
(= ) Experiment design — Making artificial Chlorophyll Cu Solution.
1. Prepare 0.01M Chlorophyll solution.

= ~ Experiment purpose 1. — New Photoelectric Cells

(- ) New Photoelectric Cells’ design

( > Glass

Zn
C

Glass _\_|,/

B 3 New Photoelectric Cells

(= ) Experiment Process5

1. Take two pieces of 9cm*9cm silicone rubber sheets and cut a

° EREEE  (EM AR T E TR R ) (RIS ) 5 28 #:(2003/10)° H 1-12 -
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5cm*5cm square off from the center.

Put the electrodes between the two piece of silicon rubber
sheets, and use two piece of glasses to clamp the silicon
rubber sheets, like a sandwich. So there are around 6cm?® of
space in the cells.

Mix 0.5M Klgq) with 0.05M lyqq as the electrolyte, and use
needles to inject 1.5ml into the cells.

Use needles to inject 4.5ml of Chlorophyll solution into the

cells.

I ~ Experiment purpose 2. — Concentrations influence to

the cells’ efficiency

(- ) Experiment Process

1.

Make five different concentrations artificial chlorophyll
solutions.

Use spectrophotometer to measure the five solutions’
absorbance, and draw a graph of the Beer's law calibration
curve.

Make three different concentrations natural chlorophyll
solutions.

Use spectrophotometer to measure the three solutions’
absorbance, and compare with the artificial chlorophyll’s
Beer’s law calibration curve to calculate the natural
chlorophyll solutions’ concentrations.

Inject 4.5ml natural chlorophyll solution and 1.5ml Kl-l@g)



into the photoelectric cells and test its efficiency.

6. Discuss and come out with an explanation from data.

+ ~ Experiment purpose 3. — The relation between voltage
and the fluorescence

(- ) Experiment Process

1. Using the most suitable concentration of chlorophyll solution,
which had most stable and lasting voltage in “Experiment
purpose two”, to be the experiment solution.

2. Experimental group: Open circuit. Control group: Broken
circuit.

3. Put both groups under the same luminance of Halogen lamp.

4. Measure and record both groups’ voltage changes and

fluorescence intensity changes.

= ~ Experiment purpose 4. — Light influence to the cells

(- ) Experiment Process

1. Put the cells under the Halogen lamp and black box

respectively.

A~ Experiment purpose 5. — Natural chlorophyll and
artificial chlorophyll

(- ) Experiment Process

1. Prepare 0.05M natural chlorophyll solution and 0.05M

artificial chlorophyll solution.



2. Inject these two solutions into two different cells respectively.

3. Measure and record the two different cells’ voltage data.

14 ~ Experiment purpose 6. — The electrolyte influence to

the cells’ efficiency

(- ) Experiment Process

1. Prepare two new photoelectric cells, one add electrolyte in it,
another don’t.

2. Measure and record the two different cells’ data.

- -~ Experiment purpose 7. — Natural sunlight and Halogen
lamp light

(- ) Experiment Process

1. Prepare two cells, one put under the sunlight, another put
under the Halogen lamp light.

2. Measure and record the to cells’ voltage data.



® 4

-+ - ~ Results

(- ) Experiment Purpose 2.

1. Artificial chlorophyll’s graph of Beer’s law calibration curve.

10



Chi(m ' ‘ati
ABS (Mg) Concentration
2
E y =913.14x - 0.0086 o
RZ=0996
1.6 /
p
1.4 )-
1.2 S
1 o~ * Chi(Cu)
0.8 /* ® Chi(Mg)
0.6 w — Curve Chl(Cu))
P
02 - ./
0
0.0000 0.0005 0.0010 0.0015 0.0020 0.0025  C (M)
Bl 5  Artificial chlorophyll’s graph of Beer’s law calibration curve.
Put the solution’s absorption photometric into the equation to
calculate the concentration.
2. Test of different concentration of natural chlorophyll
solutions.
Concentration
Voltage (V)
1.4
1.2 |[
1 N
0.8 ——0.0001M
0.6 0.0004M
—0.0006M
0.4 \,__
0.2
0 || 1 1 1 1 1 1 1 1
0O 10 20 30 40 50 60 70 80 90 Time (mins)

Bl 6 Different concentration of natural chlorophyll solutions and voltage

(= ) Experiment Purpose 3.

11



1. Comparison of experimental group’s and control group’s

fluorescence intensity changes.

Fluorescence(436nm)

600
500 b
2 400 |
_E 300 F — Open circuit

200 —Broken circuit

100

0
o 11 2 3 4 f 6 7 Time (mins)
Light On Light Off

Bl 7 Experimental group’s and control group’s fluorescence intensity

changes.

Experimental group’s (Open circuit) fluorescence intensity

started to decrease apparently after one minute of illumination.

2. Relation between voltage changes and fluorescence intensity
changes.

Voltage Current vs. F. hraresc‘enff(436nm)
Intensit

v Wolt (V)
Jo0 014 ¢ @ @ @ @

600 012 F \
500 0.1 f \
200 008 by Jlug‘r.l.'l'.u.t'ww.mf."l__ Voltage
W00 p.06 \ Fluorescence
200 04 \
100 p.o2
0 0o 1 1 1 L 1 L ]

0 1 2 3 4 5 6 7

T T Time (mins)
Light On Light Off

Bl 8 Relation between voltage changes and fluorescence intensity changes
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@ @ Light on. The number of the excited-state electrons had increased, so the
fluorescence intensity increased.

@;» @ Excited-state electrons were conducted out by the electrode, so the voltage
increased and the fluorescence intensity decreased.

The number of the conducted electrons and the not-conducted electrons
@ ”@ reached a balance, so the voltage and the fluorescence intensity remained
unchanged.

Light off. The number of the excited-state electrons started to decrease, so the

voltage and the fluorescence intensity had also started to decrease.

(=) Experiment Purpose 4.

1. Light influence to the cells’ voltage.

Voltage(V) 12

0.8

—ith lights

04 | —without lights

02 r

D 1 1 1 1 1 1 1 1 1 1 1 1
o 5 10 15 20 25 30 35 40 45 50 55 60 Tirnen:rnins]

B 9 Light influence to the cells’ voltage

(= ) Experiment Purpose 5.

1. Comparison between artificial chlorophyll and natural

chlorophyill.

13




altage (V)

0.z -
015 -
e Chi{Cu) FEHE
ChIFFRIIE
01 -
1
0.05
0 1

0 13 27 40 53 67 80 93 107 Time (mins)

B®] 10 Artificial chlorophyll’s and natural chlorophyll’s voltage

(1 ) Experiment Purpose 6.

1.  Compare the cells’ (with electrolyte) efficiency when puts

under light or in dark.

With Electrolyte

Voltage (V)

14

1.2

ChI{F2R)+K1-12 B4
—Chl{F K127 T
=—Chl { Cu } +KI-12FHE 5

1

0.8

0.6

0.4

0.2

o 1 1 1 1 1 1 1 1 1 Tim@ (miﬂ?)
0 13 25 38 50 63 75 B8 100 113

Bl 11 Light influence to cells with electrolyte.

Light has a big influence to the new photoelectric cells. When
natural chlorophyll receives energy from light, the Hydrolase will

decompose H,0 into H" and OH".  Since H* will help the reaction
14



generate more energy, this result in a more stable and lasting

voltage.

2. Compare the cells’ (without electrolyte) efficiency when put

under light or in dark.

Voltage (V) Without Electrolyte

0.25
0.2 r

0.15] e Chil{ Cu) BT

ChI{ R ZR)EA
e Chil(Cu) A~ B
e Chil (S 7R) - B

0.1

0.05

0 13 27 40 53 67 80 93 107  Time (mins)

B 11. Light influence to cells without electrolyte

The cells had lower voltage without the supports from the
electrolyte, but meanwhile, natural chlorophyll still had a higher

voltage than artificial chlorophyll.

(= ) Experiment Purpose 7.

1. Using natural sunlight or Halogen lamp light as the light

resource of the cells.

15



Voltage (V)

1.2

1
0.8 m—Chl | Cu) EFEE
e Chl{ AR R

0.4
s Chl { Cu ) FREE

0.2

0 ' 1
0 13 25 38 50 63 75 BE 100 113

Time (mins)

i8] 12. Natural sunlight and Halogen lamp light

-+ = ~ Discussions

(- ) Experiment purpose 1. — Using Chlorophyll as the energy

generating material in the new photoelectric cells.

During the experiment, we also tested the cells while the
electrolyte was not added, and there were still voltages generated by the
chlorophyll. While the cells was not added an electrolyte, the
chlorophyll in the cells also played a role as an electrolyte, but a weak
one. So adding an electrolyte (KI-1,) will help increasing the voltages by
improving the solution’s ability of passing electrons, and reduce the

chlorophyll, as the chemical formula shown below :

Anode : 2 Chl* — 2Chl™+2¢
2ChI"+3T — 2Chl+13

Cathode : I17+2e¢ — 3T

(= ) Experiment purpose 2. — The chlorophyll solution’s concentration

16



influence.

While using a lower concentration will shows a more significant
ability of chlorophyll to released excited-state electrons, which makes
the cells has a more lasting voltage. While using a higher concentration

will has a higher initial voltage but not lasting.

(= ) Experiment purpose 3. — The relation between the changes of

voltages and fluorescence intensity.

The experimental group which the cells was open-circuit, its
fluorescence intensity increased after illuminated, but started to
decrease after the electrode conducted the excited-state electrons out,
rather than letting the excited-state electrons to release fluorescence and
back to ground-state electrons, the fluorescence intensity started to
decrease. Since the electrode had conducted the excited-state electrons

out, so the voltage started to increase.

(= ) Experiment purpose 4. — Light influence to the new photoelectric

cells.

The cells’ voltage started to increase while putted under light, and

it shown that light has a big influence to the cells’ voltage.

(7 ) Experiment purpose 5. — Artificial chlorophyll and natural

chlorophyll.

The artificial chlorophyll made a higher initial voltage but
remained shorter time, while the natural chlorophyll made a more stable
and lasting voltage. We speculate that the center metal is the reason that

17



caused this result. Since the artificial chlorophyll’s center metal is Cu, it
is easily to have oxidation-reduction reaction with the electrode (Zn),
and that made the artificial chlorophyll unstable. So the initial voltage

was higher but the voltage didn’t stay long.

(= ) Experiment purpose 6. — Electrolyte influence to the new

photoelectric cells.

From the discussion in the “experiment purpose 1, the electrolyte
can reduce the chlorophyll after it release an excited-state electron, and

this help the reaction keep running on.

(= ) Experiment purpose 7. — Natural sunlight and Halogen lamp light

influence to the new photoelectric cells.

Artificial chlorophyll made a higher voltage while was given
Halogen lamp light than natural sunlight, since the artificial
chlorophyll’s absorption spectrum is more similar to the Halogen lamp
light’s spectrum. Natural chlorophyll’s absorption spectrum has more
and wider ranges than the artificial chlorophylls’, so natural chlorophyll

give a higher voltage when it is put under natural sunlight.

% ~ Conclusion

- ~ Using Chlorophyll as an Energy Generating Material

(- ) Using natural chlorophyll will have a more lasting voltage than
using artificial chlorophyll. Since the natural chlorophyll solution

contain Hydrolase and pigments, the former helps the energy

18



generating process to produce more energy transferred and the

latter lower the chance of chlorophyll to decompose.

(= ) Adding electrolyte will increase the efficiency of the chlorophyll
to release excited-state electrons, through a smoother electrons

transferring, the voltage will be higher, more lasting and stable.

= ~ The Influence of the Chlorophyll Solution’s

Concentration to the Cells’ Efficiency

(- ) While the chlorophyll solution’s concentration is below 6x10-4 M,
chlorophyll’s “capacitance effects” could be seen, which made the

voltage last longer.

(= ) The solution’s concentration did effect the cell’s voltage. Lower
concentration had more lasting voltage but relatively less stable
voltage. Higher concentration had a higher and more stable initial

voltage, but relatively lasted shorter.

= ~ The Relation Between the Changes of Voltages and
Fluorescence Intensity

(- ) The number of the excited-state electrons would directly affect
chlorophyll’s fluorescence intensity. Therefore, we could know
from the decrease of the fluorescence intensity and the increase of
the voltage happened at the same time that the increasing voltage

was due to the energy transferred from the excited-state electrons.

= ~ The Influence of the Light to the New Photoelectric

19



Cells

(= ) Chlorophyll would release excited-state electrons more efficiently
after receiving energy from light. Result in that light influence the

cells’ voltage greatly.

-

I ~ Artificial Chlorophyll and Natural Chlorophyll

(- ) Artificial chlorophyll’s center metal is copper. Since copper would
easily have an oxidation-reduction reaction with the electrode (Zn),
the artificial chlorophyll would give a higher initial voltage. But
due to the unstable of the chlorophyll, the voltage could not last

long and started to decrease.

(= ) Natural chlorophyll’s center metal is magnesium, magnesium is
relatively stable and would not react with the electrode (Zn), the

cells’ voltage would last longer.

(= ) The chlorophyll’s center metal would affect its stability.

+ ~ The Influence of the Electrolyte to the New
Photoelectric Cells

(- ) Either using natural chlorophyll or artificial chlorophyll, adding
electrolyte (KI-1;)  would help transferring electrons more

efficiently so the voltage would increase greatly.

= ~ Natural Sunlight and Halogen Lamp Light Influence to
the New Photoelectric Cells

20



(= ) The more the light’s spectrum is similar to the chlorophyll’s

absorption spectrum, the higher voltage will the cell’s generate.
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