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Undergrowth plants are living in the place without of plenty of sunshine, but they

still blossom. Therefore, we investigate in the chloroplast membrane cell of
undergrowth plants to expect developing a higher efficiency chloroplast membrane cell
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Thylakoid-Sensitized Solar Cell Using Shade Plants and Sunny Plants

Background

Shade plants live in places with little sunshine, however they still continue to
thrive. These plants are inferred to perform photosynthesis more efficiently, thus,
allowing them to live well even without plenty of sunlight. Therefore, this study aims to
discuss the thylakoid-sensitized solar cells (TSSC) made from shade plants and develop
more efficient TSSCs.

Objective
1 Compare the electrical outputs of TSSCs and chlorophyll solar cells.

2 Investigate the stability of thylakoid and chlorophyll by measuring decay rates.

3 Find the optimal soaking time for cells by measuring photoelectric conversion

efficiencies.

4 Compare between the thylakoid solution and methyl blue by measuring photoelectric

conversion efficiencies.

5 Compare the efficiency of different electrolytes by measuring photoelectric

conversion efficiencies.

6 Compare the electrical outputs of TSSCs made from different plants.

Procedure

1  Preparation of plant specimens

1.1 Shade plants

? ; A
Maesa Hydrangea Wedelia Boehmeria Melastoma
Jformosana Mez. chinensis Maxim. trilobata densiglomerata candidum
(M.fM.) (Hel) (W) (B.d.) M.c)
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Plagiogyria

Piper kadsura Selaginella Dicranopteris Callicarpa
Ohwi mollendorffii linearis stenoprera Diels formosana
(PkO.) Hieron (S.m.H.) (D.l.) (Ps.D.) (C.f)

1.2 Sunny plants

Schefflera

Araucaria

Pongamia pinnata Cinnamomuume Polyspora axillaris
(Pp.) arboricola cunminghamii Amphora '
(S.a.) Sweet (4.¢.5.) (C.a.) (Pa.)

2 Procedure for constructing TSSC

3 < -

kS~
.. " Qe ! S 1S
Put plant sample (10g) Filter the solution by the ~ Then centrifuged the Standardize the

and 0.5M 100ml sucrose solution for 5 minutes.
solution in a blender and

stirred.

gauze. Concentration of chloroplast

membrane solution by a
microscope.

Apply titanium dioxide
to ITO glass..

Prepare a coating
material of the titanium
dioxide, acetic acid, and
surfactant.

Sinter the glass at 170°C
on hot plate for 20-30
minutes.

Soak it in dye 6 hours.

Take another piece of ITO
glass and smoke a layer of
carbon it with candle.

Combine the two glasses and add electrolyte.

Fig. 1- Procedure in constructing TSSC (Active area: 3cmx2cm)
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3 Introduction of DSSC (dye-sensitized solar cell)

T slaciad A Dye-sensitized solar cell has a
e Ve C . ..
J - { ‘o sandwich-like structure. Titanium dioxide
&\__,ffﬁ nanoparticles are sintered on conductive
Dve| e 1] J J \/] i glass, and then the photosensitive dye is
— /,( embedded in porous nanometer titanium
" ‘ij’ \/ dioxide surface to form a working electrode.
\v\,%il’om electrolyte ’ Between the working electrode and counter
- — == —— Electrode  olectrode (usually a catalytic amount of
~ L?"‘v“m:'()i?n" platinum or carbon loading conductive glass)
JV,L e .ﬁ:‘ o T is a liquid electrolyte that contains redox
o 'i\i d .': o . . " lectrolyte substances (commonly [2 and I ). Itis
o : ey, RO o dipped in the cavities of nanometer titanium
1 \ = e ‘\\"‘\\b s . ' dioxide contacted with photosensitive dye.
3 ) 5
; Je_ . e’;i»"" ) Counter  Under incident light irradiation,
S — y electrode

photosensitive dye on the surface of titanium
Fig. 2- Typical DSSC dioxide nanoparticle absorbs photons,
transits to the excited state, and then adds the electron to the titanium dioxide
conduction band. The dyes become the oxidation states of positive ions. Electrons pass
through the external circuit, forming the current to the counter electrode. Dye positive
ions accept the electrons from the reductant in the electrolyte solution and reduce to
initial dye. The oxidant in electrolyte diffuses to the counter electrode, accepts the
electrons to regenerate the reductant, and forms a complete loop. Throughout the entire

process, the chemical substance does not change and light energy converts into

electrical energy. [ref. 1, 2, 3]

Results

1 Compare the electrical outputs of TSSCs and chlorophyll solar cells
1.1 Design

Aside from chlorophyll, thylakoid contains enzymes and pigments. Enzymes can

break water molecules to help reduce chlorophyll when it is activated, and the
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pigments facilitate the reaction. [ref. 4] Thylakoid and chlorophyll are used to

create the dye, and the efficiency of the cells is observed.

1.2 Result

Plant specimen : Boehmeria densiglomerata  Illuminance: 23 W/m®

Chlorophyll concentration: 7.8x107 kg/m’

e The charts in Fig. 3

£ 020
show that photoelectric ~ 22 L
conversion efficiencies g £ 0.10 F

. . 82

of thylakoid-sensitized %% [ -

£ 000 .
solar cells are better _

thylakoid chlorophvll

than those of Fig. 3- Photoelectric conversion efficiencies of T.S.S.C.s and

chlorophyll solar cells (Margin of error is at 95% confidence.)
chlorophyll solar cells.

2 Investigate the stability of thylakoid and chlorophyll by measuring decay rates

2.1 Design

Decay rates are calculated by measuring the remainders of specific peak and

dividing them by 10 (once every 10 minutes).
2.2 Result

Plant specimen: Boehmeria densiglomerata

Chlorophyll concentration: 4.5x10” kg/m’
Light wavelength: 6.8x10" m

021 ¢ @ chlorophyll
B thylakoid
3.0E-04 |
0.20 y=-0.0003x + 0.2044
R?=0.9887
=
'E 2.0E-04 |
. 019 3
= 3
= =
y=-0.0004x + 0.2036 3
018 kb R*=10.9947 z1.0E-04 [
T 5
0.00 . : . : ’ " 0.0E+00 : '
0 10 20 30 40 50 60 thylakoid chlorophyll
. . Time (min) . Fig. 7- Decay rates of chlorophyll and thylakoid
Fig. 4- Absorptions of chlorophyll and thylakoid (Margin of error is at 95% confidence.)
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e The charts in Figs. 4 and 5 show that the decay rate of chlorophyll is higher.

Therefore, cells made from thylakoid can be used for a longer period of time

than those made from chlorophyll.

Find the optimal soaking time for cells by measuring photoelectric conversion

efficiencies

3.1 Design

In literature, the dye and TiO, can be combined by soaking the cells in the dye. In

addition, the best soaking time of thylakoid is not the same as that of chlorophyll

or other pigments (about two to eight hours). The following experiment was

designed to find the best soaking time of the thylakoid solution.

3.2 Result

Plant specimen: Boehmeria densiglomerata Iluminance: 23 W/m’

Thylakoid concentration: 1.25 x10%/m’

® The dye (thylakoid) and
TiO; can be combined
by soaking the cells in
the dye.

e The chart in Fig. 6
shows that the optimal
soaking time is six

hours (0.11%).

=]
—
=]

efficiency (%)

Photoelectric conversion

0.00 = 2 2
2 4 6 8

Soaking time (hr)

Fig. 6- Photoelectric conversion efficiencies of TSSCs with
different soaking times (Margin of error is at 95% confidence.)

4  Compare between the thylakoid solution and methyl blue by measuring

photoelectric conversion efficiencies

4.1 Design

In the literature, methyl blue (M.B.) is commonly used to create dye for DSSC.

Therefore, this study aims to determine whether the combination of thylakoid and

methyl blue can improve the efficiency of cells.

4.2 Result
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5

Plant specimen: Boehmeria densiglomerata [luminance: 23 W/m’

T. concentration: 1.25 x10'% /m’

e Methyl blue is an artificial dye.

e Thylakoid solution soaked on its own for six hours performs best (0.15%). A

combination of the z 0I5

thylakoid solution 2 g oo
S =

and methyl blue 23 aore

soaked for six hours é 3

o £ 000

exhibited the worst T.solition T &MB. T.& MB.

performance . for 6.111 each. for 3 111. .f01 6hr f‘_’l 6 hr
Fig. 7- Photoelectric conversion efficiencies of TSSCs with

(0.08%). different soaking times (Margin of error is at 95% confidence.)

To compare different electrolytes by measuring the photoelectric conversion

efficiencies.
5.1 Design

Based on literature, potassium iodide is the best electrolyte for cells. Different
electrolytes are compared by measuring the photoelectric conversion efficiencies

to find the best electrolyte.

5.2 Result
Plant specimen: Boehmeria densiglomerata [luminance: 23 W/m’
T. concentration: 1.25 x10'* /m’ Electrolyte concentration: 0.5 M

e Among different
electrolytes,
potassium iodide
performs best
(0.125%), which was

the same with the

(%0)

0.10
0.05 I
0.00 .—l

Nal = FeCl, NaC 1 KCl
literature. Potassium kig. 8- Photoelectrlc conversion eth01en01es of 1'SSCs with

different electrolytes (Errors are 95% confidence.)

Photoelectric conversion efficiency

results in the

chloride exhibited the

worst performance (0.034%).
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6  Comparison of the electrical outputs of different plant solar cells

6.1 Design

Ten different kinds of shade plants and five kinds of sunny plants were tested in

the following experiment.

6.2 Result

[luminance: 23 W/m®>  Thylakoid concentration: 1.25 x10'* /m’

0.30

<
[
=

e
s
=

Photoelectric convertion efficiency (%)

e
=
=

Plants
Fig. 9- Photoelectric conversion efficiencies of T.S.S.C.s made from different plants

(Margin of error is at 95% confidence.)

e The chart in Fig. 9 shows that shade plants are generally more efficient than

sunny plants by approximately 26%.

e Among shade plants (blue), Callicarpa formosana (Formosan beautyberry)

performs best. Its photoelectric conversion efficiency can reach 0.3%.

Conclusions

1 The photoelectric conversion efficiency of TSSC is about three times better than

that of chlorophyll solar cell.
2 The optimal soaking time is six hours.
3 The thylakoid solution is the optimal dye among those tested.

4  Potassium iodide is the optimal electrolyte among those tested.
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5 Shade plants are generally more efficient than sunny plants by approximately 26%,
proving the feasibility of thylakoid-sensitized solar cells of shade plants.

6  The photoelectric conversion efficiency of Callicarpa formosana (Formosan
beauty-berry) TSSC in this study can reach up to 0.3%.
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