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Abstract
Objective: Our purpose is to propose a new method for studying the electrical activity of chlorophyll pigment solution.
Methods/Statistical Analysis: The technic and method employed consisted of modeling the chlorophyll as an electrical
circuit, which made up of two parallel branches; where R represents the extra chlorophyll space resistance, R’ the intra
chlorophyll space resistance and C the chlorophyll capacitance. Then at low frequency, measure R according to the variation
of light intensity. Chlorophyll fluorescence is generally used to study chlorophyll pigment solution; but it does not directly
show us the electrical activity that occurs as the proposed method. Findings: Our study has shown that electric behavior
of synthetic solution of pigment depends of the solution concentration. There is a consensus between the behavior of synthetic chlorophyll and the existing behavior of natural pigments for some concentrations; for example, for 5.1 g/L and 10.2
g/L the extra-chlorophyll resistance of the synthetic pigments, just like that of the natural pigments, decreases according to
the intensity of light until it reaches a certain threshold. On the other hand, for concentrations of 4.25 g/L and 2.55 g/L we
observe a different electric behavior. Moreover, it is noted that for concentrations reproducing the same electric behavior
as for the natural pigments, the decrease of extra chlorophyll resistance is all the more marked that the concentration is
high. These results are helpful because we can directly have the electrical behavior of chlorophyll than fluorescence, where
we need ﬁrst to determine parameters like: primary ﬂuorescence (F0), maximal ﬂuorescence (Fm), variable ﬂuorescence
(Fv), the photochemical quantic yield (ΦPSII ) of the photosystem II and the assimilation quantic yield of CO2 (ΦCO2)
before having an information about the electrical behavior of chlorophyll. Application/Improvements: This method of
study can be applied in phototherapy about drugs made from chlorophyll to avoid side effects of chlorophyll solution.
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1. Introduction
Photosynthesis is one of the activities which attract many
scientists in several fields of science. It intervenes in
environmental sciences in so far as it allows the reduction of the atmospheric CO2 rate1; in Energetics and
Technology in so far as the scientists are aimed at making
up an artificial photosynthesis from which solar energy
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will be transformed into electric energy2–4; in Agriculture,
because it constitutes the first source of manufacture of
the biomass5, in Medicine because there exists today,
drugs made from chlorophyll, which are the basis of
photosynthesis6–8; however, there are some possible side
effects associated with taking liquid chlorophyll; it can
cause the skin to become extra-sensitive to the sun9 and it
is significant to prescribe the suitable dose. All this shows
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the importance of this phenomenon and the permanent
search of knowledge concerning the photosynthesis and
chlorophyll pigments. That is why several theories and
models of study were proposed and improved in the
course of time such as the conventional Forster theory
which later becomes, after improvement, the model
of generalized Forster theory10,11; in the same way, the
Redfield theory and the modified Redfield theory12,13; the
powerful theory and experimental method of investigation such as the three-pulse photon echo14 and in same
dynamics, Teuma et al. proposed for the first time an electric model of a solution of chlorophyll pigments15,16; for
more convenience, this model is named T.E-model. This
study aims at using the T.E-model for the investigation
of the electrical activity of synthetic chlorophyll pigment
solution, to make comparisons with the electric behavior
of the natural one and showing how the use of this model
can constitute an additional test among others, evaluating
a suitable dose of a medicinal solution of chlorophyll.

We note R’ the intra chlorophyll space resistance,
i.e. the electric resistance which the electron undergoes
inside the pigment during its displacement to the extrachlorophyllian medium and R the extra chlorophyll space
resistance i.e. the electric resistance which the electron
inside the extra-chlorophyllian medium undergoes during its displacement between chlorophyll and an acceptor
before being received by that one. Thus the model is made
up of two parallel branch circuits where R represents the
extra chlorophyll space resistance, R’ represents intra
chlorophyll space resistance; C represents chlorophyll
capacitance and U the potential difference on the terminals of the circuit given in Figures 3 and 4.

1.1 Model
Chlorophylls in Figure 1 consist of: - A tetrapyrrolic nucleus. Pyrroles I, II, III and IV are connected by
methenyles bridge (-CH -).
- Each pyrrole that has different radicals: in the case
of chlorophyll a, pyrrole II has -CH3 which is replaced by
-CHO in the case of chlorophyll b.
- Nitrogen atoms that are linked to a magnesium
atom by two ionic bonds and two coordination bonds.
- An additional cycle (V) with a carboxyl function
that is esterified by methanol found against the nucleus
III.
- The carboxyl function associated with the nucleus
IV that is esterified by an alcohol which has a very long
chain C20: phytol.
- Whole of chlorophyll molecule is amphiphilic.
After being lit by an active photosynthetic light, the
specialized chlorophyll molecule ‘ a’ ionizes according to
the equation.
Chla + photon → chla+ + e

(1)

This implies the presence of a positive electric charge
at the level of the magnesium ion; this positive electric
charge creates in its direct environment a negative electric
charge by electrostatic induction; the whole of these two
opposite electric charges form a condenser of capacity C17
is shown in Figure 2.
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Figure 1. The chlorophyll formula ‘a’: The phytol chain has
not been detailed.

Figure 2. Condenser of capacity C inside the ionized
chlorophyll ‘a’ molecule.
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Having to the intra chlorophyll space resistance;
R' =

RZ
(7)
R+Z

We further write:
Rt = R+Rˈ; and α = RRˈ and we deduce the expression
of ω from (3). In replacing the latter into (4), the following
relation between Zr and Zi can be written:
Figure 3. Low and high frequency current paths in solution
of crude chlorophyll. The dashed line represents current
path of high frequency, the solid line represents current path
of low frequency.

1
Zi = − Rt 2 Zr 2 + Rt ( 2α + R 2 ) Zr − α RRt
Rt

(

)

1

2

(8)

It should, however, be stressed that equation (8) does
not explicitly depend on ω. Furthermore, Equation (8)
is a second-order polynomial equation in Zr and its discriminant is:
∆ = [Rt (α− RRt)] 2
It is obvious that ∆ >0; which had to the solution:

Figure 4. Electrical model of crude chlorophyll solution.
R is the extra chlorophyll space resistance, R’ is the intra
chlorophyll space resistance, C is the capacitance of the
pigments, U is the potential difference on the terminals of
the circuit.

The impedance of this circuit is expressed as follows:
R + RR ′ ( R + R ′ )( Cω ) − JCR 2ω
2

Z=

1 + Cω ( R + R ') 

2

Zi =

R + RR ′ ( R + R ′ )( Cω )
1 + Cω ( R + R ') 
−CR 2ω
1 + Cω ( R + R ') 

2

(3)

(4)

The resistive and capacitive parts of the impedance
respectively:
j =−1, ω =
2π f

At zero frequency, i.e ω = 0;
Z = R;

(5)

While at infinite frequency, i.e. ω = ∞;
RR '
(6)
Z=
R + R'
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nhcΦPSII

λ

for λ ∈ I (9)

and

2

2

Which is indeed, the impedance at zero and infinite
frequency respectively.
Let us consider the function of distribution of electrical energy;
Ψ (Eλ) deﬁned by:

(2)

Where the real part and imaginary parts are given by:
Zr =

Zr1 = R and Zr2 = RR’/(R+R’)

0 for λ ∈ K (10)

Where I is the unit of active photosynthetic wavelengths, K the unit of non-active photosynthetic
wavelengths, n the number of incidental photons, c the
velocity of light, h the Planck constant and ΦPSII the
quantum yield. By deﬁnition, quantum yield is the ratio
between the number of emitted O2 molecules and the
number of absorbed photons. Owing to the fact that, the
number of emitted O2 molecules increases linearly with
the quantity of electrons which are released according to
the following equation:
2H2O → O2 + 4H+ + 4e−

(11)

The quantum yield can be expressed by:

φPSII =

qU

nhυ (12)
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Where nhυ is the energy brought by active photosynthetic light, and |q|U the corresponding electrical energy.
υ is the frequency of active photosynthetic light; U the
potential difference on the terminals of the circuit on
ﬁgure 4. The Equation (12) gives:
U=

nhcφPSII
(13)
λq

by using the mesh constituted by the tension U, the extra
chlorophyll space resistance R and the mesh constituted
by the tension U, the intra chlorophyll space resistance R’
and the chlorophyll capacitance C, we have the following
linear differential equations:
R

dqe
= U (14)
dt

R'

dqi qi
+ =
U (15)
dt C

The solutions of these two linear differential equations
are respectively expressed by:
qe =

U
t (16)
R

t

qi = qo 1 − exp −  (17)
τ


Where qi, qe are respectively the quantity of electricity
in intra and extra chlorophyll space;
q0 =

nhυφPSII
(18)
q

τ = CR ′ (19)

In the presence of non-active photosynthetic light,
or in darkness, the function of distribution of electrical
energy
Ψ (E𝜆) = 0 i.e. U = 0
By using the mesh constituted by the tension U, the
extra chlorophyll space resistance R, the Intra-chlorophyll
space resistance R’ and the chlorophyll capacitance C, we
have the following linear differential equation:
dq
q
+
=
0 (20)
dt RT C

4

Vol 10 (38) | October 2017 | www.indjst.org

The solution of this linear differential equation is
expressed by:
=
q qo exp −

t

τ′

(21)

Where
q0 =

nhυφPSII C
(22)
q

2. Materials and Methods
Four solutions of concentrations 4.25 g/L, 2.55 g/L, 5.1
g/L and 10.2 g/L were prepared starting from synthetic
powder of chlorophyll and distilled water18,19. The electric parameters were measured starting from the electric
assembly represented on Figure 5.
Firstly, for solutions of concentrations 5.1 g/L and
10.1 g/L and under the light intensity of 16000 W/m2,
the extra chlorophyll space Resistance (R) was obtained
by measuring the impedance (Z) of the solution at low
frequency (0Hz), and by using Equation (5), then the
intra chlorophyll space resistance (R’) was obtained by
measuring the impedance (Z) of the solution at high
frequency (19.02 KHz), for a sinusoidal voltage of 0.34
V produced by a L.F.G. and by using Equation (7).
A curve was used to reduce art factual heating effect
in the specimen. All values measured by the multimeter were automatically transferred to a laptop for
analysis.
Secondly, for the four solutions of 4.25 g/L, 2.55
g/L, 5.1 g/L and 10.2 g/L concentrations, the digital
multi-meter smart ”UT71.A” was programmed to automatically detect the extra chlorophyll space resistance
for each light intensity (at zero frequency). Indeed the
light intensity was varied between 0 and 16000 W/m2,
using the variation of the halogen lamp position and
for each intensity, the average measure of 15 resistances
raised during 15 seconds was calculated. A curve was
also used to reduce art factual heating effects in the
specimen. All the values measured by the multi-meter
were also automatically transferred to a laptop to be
analyzed. The data was analyzed using software such as
excel and MATLAB.
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Figure 5. The extra chlorophyll space resistance (R) was
obtained by measuring the impedance (Z) of the solution at
low frequency (0 Hz), and by using equation (5), then the
intrachlorophyll space resistance (R’) was obtained by
measuring the impedance (Z) of the solution at high
frequency (19.02 KHz), for a sinusoidal voltage of 0.34 V
produced by a L.F.G. and by using Equation (7). 1-laptop;
2-multi-meter; 3-petri-dish; 4-electrodes; 5-source of light;
6-curve; 7-low frequency generator; D is the distance
between the source of light and the petri-dish.

3. Results and Discussion
Different measurements were made and the behaviors of
extra chlorophyll space resistances were obtained according to the variation of light intensity and concentration.
For each concentration, we plot the variation of the extra
chlorophyll space resistance R versus the light intensity I.
With a concentration of 5.1 g/L according to Figure 6.
The resistance decreases due to the intensity of the light and
it varies from 1.5 MΩ for an intensity of 0 W/m2 to 0.87 MΩ
for an intensity of 16000 W/m2; it decreases rapidly for intensities between 0 and 1777.8 W/m2 and slows afterwards.
The same behavior was obtained for the concentration
of 10.2 g/L according to Figure 7. Where the extra chlorophyll space also decreases due to the intensity of the light
and it varies from 0.86 MΩ for an intensity of 0 W/m2 to
0.17 MΩ for an intensity of 16000 W/m2; it decreases rapidly for intensities between 0 and 1777.8 W/m2 and slows
afterwards. The comparison of Figure 6 and Figure 7 was
made in Figure 8. It comes out of this comparison that
the decrease of extra chlorophyll resistance is all the more
marked that the concentration is high. On the other hand,
the behavior of the extra chlorophyll space resistance for
the concentration of 4.25 g/L and 2.55 g/L are opposed to
those of concentrations 5.1 g/L and 10.1 g/L (see Figures
9 and 10).
Vol 10 (38) | October 2017 | www.indjst.org

According to Figure 9 where the concentration is 4.25
g/L, the extra chlorophyll space resistance increases from
0.15 MΩ to 0.51 MΩ; it also increases from 2.51 MΩ to
2.81 MΩ for the concentration of 2.55 g/L according to
Figure 10. The comparison of Figure 9 and 10 was made
in Figure 11. It comes out of this comparison that the
increase of extra chlorophyll resistance is all the more
marked that the concentration is low.
For each concentration of 5.1 g/L and 10.1 g/L and
under the light intensity of 1600 W/m2, we experimentally
look for α, Rt parameter values and plot the impedance Zi
versus Zr, by using Equation (8). The parameters used to
plot Figure 12 are given by the Table 1.
According to Figure 12, it is observed a vertical
and horizontal offset at the spectrometric curves of
bio-impedance for 5.1 g/L and 10.2 g/L. The electrical
impedance spectroscopy differs in the capacitive part of
the impedance; it is approximately 0.38 M Ω for 5.1 g/L
and 0.07 M Ω for 10.2 g/L. The width (Z r1− Z r2) of curves
is 0.8 and 0.1 M Ω for 5.1 g/L and 10.2 g/L respectively.
The fact that for some concentrations (5.1 g/L and
10.2 g/L), the synthetic chlorophyll has the same behavior
as the natural pigment solution16 and other concentrations (4.25 g/L and 2.55 g/L) have an opposite behavior
that can be clearly explained by the nature, the structure
and the functioning of receiving antenna20. In fact, the
pigments in photosynthetic units form an antenna that
collects light energy. This energy is then transmitted to
the reaction center that contains special chlorophyll ‘a’
molecules. Then, this trap molecule releases an electron
to an acceptor which passes in a reduced state. At this
state, light energy is converted into chemical energy. The
role of the antenna can be simply summarized as follows:
On one hand, there is indeed little chance that a photon
touches directly the specialized chlorophyll molecule
of the reaction center; on the other hand, if the photon
flux simultaneously reaches a large number of molecule
pigments, and that this energy information is transmitted to the target molecule of the reaction center, then the
captured yield in the reaction center will be significantly
improved.
This is what happens and the image of a parabolic
antenna helps to better understand the capture of energy.
This implies that for the concentration of 5.1 g/L and 10.2
g/L, the pigments are so close to each other, consequently,
facilitating the transmission of energy nhυ by improving the
captured yield 𝛟PSII according to equations 9 and 12; then,
the increase of the quantity of charge carriers in the extra
Indian Journal of Science and Technology
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chlorophyll space qe will induce the decrease of the extra
chlorophyll space resistance as we can observe in Figures
6 and 7. In Figure 8, the fact that the corresponding curve
of 10.2 g/L is under the corresponding curve of 5.1 g/L are
reveals that there is a better transfer of energy and a high
quantity of electrons released for 10.2 g/L concentration than
5.1 g/L, simply due to the great proximity of chlorophyll pigments for 10.2 g/L concentration than 5.1 g/L. On the other
hand, behaviors the extra chlorophyll space resistance for the
concentrations 4.25 g/L and 2.55 g/L are opposed to those of
concentrations 5.1 g/L and 10.1 g/L (see Figures 9, 10 and
11) simply due to the low concentration value; low concen-

tration value implies that the pigments are not sufficiently
so close to each other to enable the transmission of energy
nhυ to the special chlorophyll ‘a’. In Figure 12, we note that
there is a difference in the electric activity of the synthetic
solution of chlorophyll for the concentration of 5.1 g/L and
10.1 g/L. In fact the greater the resistive part of impedance,
the greater the reactive part; then the lesser the reactive part
of impedance, the less is the resistive part. For a concentration of 10.2 g/L the surface swept by the electric spectrum of
impedance is smaller compared to the surface swept by the
electric spectrum of impedance corresponding to the synthetic chlorophyll solution of concentration 5.1 g/L.

Figure 6. Variation of extra chlorophyll space resistance
according to the intensity of the white light. For the concentration
of 5.1 g/L, the resistance decreases due to the intensity of the
light and it varies from 1.5 MΩ for an intensity of 0 W/m2 to
0.87 MΩ for an intensity of 16000 W/m2; it decreases rapidly for
intensities between 0 and 1777.8 W/m2 and slows afterwards.

Figure 8. Comparison of the variation of extra chlorophyll
space resistance according to the intensity of the white light
for 5.1 g/L and 10.2 g/L. The decrease of extra chlorophyll
resistance is all the more marked that the concentration is
high.

Figure 7. Variation of extra chlorophyll space resistance
according to the intensity of the white light. For the concentration
of 10.2 g/L, the resistance decreases due to the intensity of the
light and it varies from 0.86 MΩ for an intensity of 0 W/m2 to
0.17 MΩ for an intensity of 16000 W/m2; it rapidly decreases for
intensities between 0 and 1777.8 W/m2 and slows afterwards.

Figure 9. Variation of extra chlorophyll space resistance
according to the intensity of the white light. For the
concentration of 4.25 g/L the extra chlorophyll space
resistance increases from 0.15 MΩ to 0.51 MΩ.
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Figure 10. Variation of extra chlorophyll space resistance
according to the intensity of the white light. For the
concentration of 2.55 g/L the extra chlorophyll space
resistance increases from 2.51 MΩ to 2.81 MΩ.

Figure 12. Impedance spectra of chlorophyll solution for
5.1g/L (dashed curve) and for 10.2 g/L (solid curve). The
frequency increases from right (0 Hz) to left (19.02 KHz).
Zr is the resistive part of impedance or the resistance and
Zi the capacitive part or reactance. The electrical impedance
spectroscopy differ in the capacitive part of the impedance;
it is approximately 0.38 MΩ for 5.1 g/L and 0.07 MΩ for 10.2
g/L. The width (Z r1− Z r2) of curves are 0.8 and 0.1 MΩ for
5.1 g/L and 10.2 g/L respectively.

4. Conclusion

Figure 11. Comparison of the variation of extra
chlorophyll space resistance according to the intensity of
the white light for 4.25 g/L and 2.55 g/L. The increase of
extra chlorophyll resistance is all the more marked that the
concentration is low.

The purpose of this study was to use the T.E-model for
the investigation of the electrical activity of synthetic
chlorophyll pigment solution, to make comparisons
with the electric behavior of the natural one and
underline the implication of our result in phytotherapy
and in agriculture. It appears from our analysis that
the electric behavior of the synthetic solution of pigment is identical to that of the natural pigments only
for certain concentrations; for example, for 5.1 g/L and
10.2 g/L the extra-chlorophyllian resistance of the synthetic pigments, just like that of the natural pigments,
increases according to the intensity of the light until
reaching a certain threshold. On the other hand, for

Table 1. Experimental values of α and Rt parameter for each concentration of 5.1 g/L and 10.1 g/L, and under the light
intensity of 1600 W/m2

concentrations
parameters
White light (16000 W/m )
2
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Rt

5.1 g/L
α

R

0.999

0.110

0.872

Rt

10.2 g/L
α

R

0.193

3.960 x 10

0.17

-3
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concentrations of 4.25 g/L and 2.55 g/L, a contrary
electric behavior is observed. In phytotherapy, concerning the side effects associated with taking liquid
chlorophyll which can cause the skin to become extrasensitive to the sun, we suggest making a photo-electric
test of the blood base on the T.E-model. If the extrachlorophyll space resistance of the pigments in the
blood, just like that of the natural pigments, increases
according to the intensity of the light until reaching a
certain threshold, we can conclude that, the side effects
associated with taking liquid chlorophyll are really
the cause the extra-sensitivity of the skin to the sun.
Consequently, the appropriate dose of liquid chlorophyll will be as the concentrations of 4.25 g/L and 2.55
g/L will not increase according to the intensity of the
light. In agriculture it is well known that potassium acts
on photosynthesis and a potassium deficiency appears
by a discoloration of the sheets of the plant due to the
reduction in the concentration of the pigments in the
sheet. The detection of this deficiency can be known
before the discoloration of the sheets. We suggest making a photo-electric test according to the T.E-model.
In fact, for a healthy species of plants, after calibration
of a concentration of reference and its photoelectric
behavior; we can know if a plant of the same species
suffers of a potassium deficiency before the manifestation of its symptoms by studying and comparing its
photoelectric behavior to that of reference.
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