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Abstract

Aim: The lack of precision of validated electrochemical identification methods and the
limited detection of compounds atlow concentrations by spectrometric methods are
well known. Physics has provided a strong theoretical background, and modern
technologies allow the development of electro photonic analytical devices that aim to
provide greater precision in the detection of compounds, even at low concentrations.
This original article provides a new experimental and theoretical insight into chemistry.
Method: This paper describes the theory and the technical aspects of the electro
photonic analysis method. This technology is tested on samples of tap water droplets
compared to hydro-alcoholic solutions (ethanol 62% m/m).

Results: Using repeated measurements on the same tap water and ethanolic solutions,
we demonstrate the reproducibility of the method. This method can now be
systematically double-blind tested on a variety of samples.
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Introduction

Water is a complex substance characterized by thermodynamic coefficients
displaying a highly non-linear change with temperature or pressure [1]. One of the most
amazing properties of liquid water is its ability to reduce its volume upon heating
between 0°C and 4°C. Galileo already discussed such an anomaly about four hundred
years ago [2]. Water is also an essential element for life and for many religious beliefs
[3]. Among all known substances, water displays the highest ratio of Boyle’s
temperature to molecular weight [4]. Moreover, considering cosmic abundances of the
elements in the universe one gets the following order: hydrogen > helium > oxygen [5].
Consequently, as helium is an unreactive gas, water is also the most abundant substance
of the universe. To best realize the strangeness of water, one may rely on the fact that
upon heating, molecules should acquire more kinetic energy, allowing them to increase
the volume holding them together. This is not the case with liquid water where more
thermal energy below 4°C leads to a reduction in volume. It is not an-easy matter for
science to explain such an amazing fact. In fact, only quantum physics deal easily with
such a phenomenon [6, 7]. Basically, the anomaly comes from the formation of
coherence domains that also explains why water, a diamagnetic substance, is strongly
affected by magnetic fields [8]. This has the amazing consequence of being able to
synthesize a DNA-molecule from scratch using electromagnetic information [9,10].
Hydrogen bonding plays a key role in corona dischargesin water by influencing
cohesion and the stability of hydrated electrons, which.are formed and react via
hydrogen bonds during the process [11,12]. Another sequel is that water is expected to
play a crucial role in the manifestation of consciousness in living beings [13]. The fact
that liquid water may acquire a nanostructure (coherence domains) by coupling with
the fluctuating electromagnetic fields filling the quantum vacuum helps understanding,
for instance, how high dilutions may have a biological effect despite the absence of any
solute species [14,15].

However, as coherence 'concerns quantum phases that are not physically
observable, conventional physico-chemical measurements are of very limited use. There
is a need to use non-conventional techniques, for characterization of the information
stored in these putative coherence domains. Among such techniques, we may cite
electrochemical impedance spectroscopy (EIS) [16], aqua-photomics [17], evaporated
water droplets patterns [18] or sensitive crystallization [19]. Alternatively, one may use
lyophilization techniques to recover solid residues analyzed by more conventional
techniques [20]. Herein, we have applied a technique, named electrophotonic analysis
(EPA) based on/Corona discharges [21-24]. This technique is well adapted for studying
solids or liquids. It has proven to be very sensitive, producing images that can be
quantitatively analyzed using classical procedures in medical imaging.

2. Background

Corona discharges also known as St. EImo's fires are well-documented natural
phenomena that were already known in ancient Greece. About sixty years ago, a corona-
based technique named “Kirlian photography” was developed in Russia [25]. The idea
was to record a photographic image of an object after applying a large electric potential
between the object and a dielectrically isolated electrode. As such a technique, called
corona discharge photography (CDP) may be applied to human subjects, it has rapidly
been claimed that variations in image structure can be related to changes in



physiological, psychological and psychic states [26]. Further studies have revealed that
upon application of a high voltage (15-60 kV) to matter, a few electrons are first
produced between the object and the isolated electrode. Further acceleration of these
electrons by the electrical field provokes ionization of the surrounding gas (generally
air). This leads to an exponential growth in the number of electrons and positive
counter-ions. The electrons sweep quickly toward the positive anode, while the cluster
of positive ions moves somewhat more slowly toward the negative cathode. When the
positive ion cluster in the air gap reached a critical density, many recombination events
with electrons occur. Such events lead to a large emission of light photons in the UV-
region of the electromagnetic spectrum having also a tail in the visible region (bright
blue color). The cluster of positive ions then becomes brightly illuminated with both
positive and negative streamers between the electrodes. Consequently, discrete balls of
light move in various directions.

Rigorous experiments have shown that charge recombination processes create
streamer images extending radially from the sample- electrode boundary [27]. [t was
observed that for a given voltage pulse and pulse repetition rate, the streamer range is
dependent on the electric field bending due to the mismatch of dielectric constants et
dielectric interfaces, the relative thickness of the dielectric components between the
sample and the voltage source, the water vapor content of the atmosphere and the
geometric characteristics of sample’s surface.

More particularly, this range is proportional to the corona onset voltage. It is an
inverse function of the resistance formed by the high-voltage anode and the sample. For
a given resistance, water vapor reduces streamer range by absorbing photons which
otherwise would be available for propagating positive streamers by photoionization.
Water vapor may also reduce streamer breakdown voltage by influencing the charge
sheath that forms above a positive point.

The absence of streamers within a given region of the sample-electrode boundary
is predominantly due to the release of water present on or within the sample.

The existence of corona streamers that deviate significantly from a radial trajectory is
another phenomenon that is related to moisture. Accordingly, streamers that have
curved paths usually outline regions in which streamers are absent, and frequently
curve into these empty regions, electrons being attracted there by a positive density of
charges sustained by.water molecules.

Consequently, streamer curvature is not observed when the samples are dry. It
follows that most of the variations in the images of corona of a sample in contact with
the anode may be accounted for by the presence of moisture on or within the sample’s
surface. During exposure, moisture is transferred from the sample to the anode and
causes an.alteration of the electric charge pattern on the anode, hence the electric field
at the surface of the sample. As a result, large variations in the density of corona images
as well as corona streamer range and trajectories may be brought about.

For biological substances, it has been confirmed that light emission mirrors the
moisture content and geometry of the object [28]. In the case of living tissues, no
evidence was related to the activity of either plant or animal cells. No evidence of any
property of the corona pattern could be related to the physiological, psychological or
psychic condition of the samples [29]. It was also concluded that CDP could contribute to
those areas in science where conductivity and surface arrangement of the conducting
areas play a major role [30]. More recent studies have however concluded that there
was mounting evidence that CDP diagnosis for living tissues has an important part to



play within both orthodox and complementary therapies in medicine [31]. More
research is thus needed on this technique that could lead to very complex images.

It was also shown that photographic material was not necessary for recording
halo, streamers and other details typical of CDP photographs [32]. Such images may
then be recorded on any bulk dielectrics and on thin films of various materials deposited
on glass substrates. A significant advance in this field was the possibility of using
modern optics; electronics and computer processing leading to the so-called gas
discharge electro photon capture (EPC) analysis based on gas discharge visualization
(GDV) technique [33]. It has then been claimed that EPC can be implemented as an
express method for assessment of treatment procedures effectiveness, evaluating
emotional and physical conditions of people [33]. The technique seems to be sensitive
enough to detect temperature, air humidity, air pressure, gender, age, heartbeat, and
blood pressure effects on recorded images after a short contact with various textiles
[34]. Another interesting aspect of the technique is the possibility of detecting weak
transformation of water under the influence of electromagnetic fields, air, light and
other subtle factors [35]. Finally, the EPC/GDV technique has also previously been used
for investigating the concentration dependence of corona discharges around drops of
inorganic electrolytes [36].

The motivation of this study was then to check if electrophonic analysis (EPA)
could be a valuable scientific tool for differentiating among various kinds of liquid water
samples, mixed or not with alcohol. The spirit was toe use a highly sophisticated device
developed by the company CORAMP solutions based in Brens (France) and to use a large
set of image analysis techniques for retrieving information embedded in EPA images. As
any piece of matter contains a variable amount of water, it follows that corona discharge
imaging may be very useful in the detection.and quantification of moisture or others
compounds in animate or inanimate specimens through the orderly modulation of the
image due to various levels of these compounds. It was further hoped that differences
observed in corona images might also reflect a change in liquid as well as interfacial
water.

3. Methods

3.1 Experimental setup

Our measuring device (figure 1) is based on a Advanced Electro Photonic
Generator (AEPG®©). Itis able producing a stable and reproducible electromagnetic field
both in voltage and frequency. This generator, coupled with other components
controlled by highly reliable electronics, produces with its strong pulse voltage, an
electromagnetic field on the electrode plate. This field is alternately positive and
negative, with a predefined frequency. This field successively mobilizes electric charges
at the surface and in the thickness of the object to be analyzed causing ionization of the
gaseous environment around the studied body (plasma gas). This ionization creates an
electronic avalanche, which by splitting the gas molecules, release UV photons that are
recorded by the Hamamatsu camera. All these phenomena don’t appear simultaneously,
but one after the other, depending on the pulse generator. Images acquisition provides
an idea of the statistical distribution of light emission during exposure time. Numerous
experiments have shown that charges are mainly distributed in two different ways:
- The positive pulses of the generator, leading to filamentary structures called
“streamers”.
- The negative pulses creating rounded and globular forms called “coronae”.



These acquisitions enable an appreciation of the increasing richness of the image as the
complexity of the analyzed object grows.
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Figure 1: Principles of the corona effect.and experimental device for recording
electrophotonic images.

To this generator is attached an EFUSE© a transparent and conductive electrode
plate having the highest possible homogeneity at each point of its surface allowing good
control of the distribution of electrical charges. For recording the photonic emission, we
have used a Hamamatsu HD camera (ORCA IIBT 512G2) with a specific timing and
adjustable exposure time.coupled to an optical equipped with a UV filter.

It is worth noticing that many environmental physical factors are to be taken into
account in conducting electrophotonic experiments. Among them, we may cite: ambient
atmosphere (gas), moisture (crucial factor for ionization), and dust (highly sensitive to
electric fields). Table 1 gives the recorded experimental conditions concerning
acquisition of the.images.

Table 1: Conditions in the laboratory during acquisition of electrophotonic images.

Parameter Value
T(inside) /°C 19
T(outside) /°C 20
R.H. % 78
Voltage / kV 11
Frequency / Hz 110

Weather sunny




Figure 2 shows the experimental setup used for recording images on water
droplets.

A total of 12 images have been captured of Brens’ tap water droplets. The
measures were implemented in September 2019. The aim was to establish whether it
was possible to obtain reproducible images of identical droplets using a technique that
is renowned for being highly sensitive to environmental factors. Minerals in used tap
water are: Calcium: 88.7 mg/L; Potassium: 0.9 mg/L; Magnesium: 9.8 mg/L; Sodium: 3.2
mg/L; Sulphates: 8.9 mg/L.

Other measurements were carried out as part of a test of the technique in March
2016 (comparable experimental parameters). Three images of a concentrated mother
tincture of Gelsemium were compared to three images of the same ethanol/water
percentages without plant extract (appropriate control). The aim was to establish
whether this method could distinguish between these preparations. These
measurements were taken in a double-blind manner, meaning that the researcher did
not know which sample was being analyzed.

Another 12 images correspond to strongly diluted (above the Avogadro number)
plant extract (Gelsemium) in a mix of ethanol/deionized water(62% m/m of ethanol)
were finally compared to the tap water results. The aim was to.extend the comparison
between tap water and the alcohol/water mixture.

These measures are preliminary and are intended solelyto verify the method's
validity and its potential for further development. The characterisation of other liquid
water samples (mineral water, seawater, contaminated water, water subjected to vortex
or electromagnetic fields, homeopathic remedies, etc.) could be reported in future
papers. Different percentages alcohol/water mix could also be measured. The choice of
62% m/m ethanol concentration is necessary as an appropriate control for Gelsemium
mother tincture.

Figure 2: Experimental setting for recording electrophotonic images on water or liquid
droplets.

The volume of the analyzed droplet is maximized as closely as possible to the
moment it falls from the pipette. Ideally, for a new prototype, a computer would
determine this volume, and an automated pipette would perform pipetting to avoid
possible small volume variations.

Other experimental parameters in 2016: Millipore RX 45 series water apparatus,
serial number FSDM 96292D; Ethanol 96%V/V Ph.Eur. in 1-liter bottles Certa. Batch



15H20-C01-16756 P.23 09 2015 Exp. 08 2018. Verg.nr.597R01872 UN1170; 500 ml
bottle of Gelsemium Sempervirens HAB Heel mother tincture, supplied by Homeoden in
a PET bottle. Batch 548463. Expiry date: 12/2018/ 982 UH 911F34

To extend the measurements to other types of solution, we plan to use Al. This
will require us to multiply the number of measurements several hundredfold in order to
generate a database of reference images.

Several strategies are available for computer analysis of EPA images, free of
subjective estimation. The first strategy is to determine the center of the investigated
object followed by the determination of its border. Then, one could study the angular
dependence of luminosity with a fixed resolution of a few degrees. From angular
dependence, the streamers that are more or less prominent radial ray-like formations,
are determined and their characteristics (height, width, etc.) calculated. Using this
technique, it was possible to evidence distinct behavior of corona discharges patterns as
regards ionic composition of salts in water, both radially and angularly [37]. If such a
method seems well adapted for drops of solutions, it cannot beused for solids where
streamers are systematically very short and very thin and hardly-discernable from a
more or less globular halo. New strategies have thus been developed for automatic
analysis of EPA images. The strategy is a detailed analysis of the shapes that may be
recognized in the pictures and analyzed in terms of geometric parameters. A second
strategy is to perform the same kind of tasks on a.spatial Fourier transform of the
images.

3.2 Image processing 3.3 Contrast enhancement 3.4 Color enhancement 3.5 Thresholding
algorithms 3.6 Geometrical analysis (See Supplementary material)

3.7 Measured parameters

The measurements are repeated on different well-defined areas of the colored
and FFT images obtained. 2 areas for the colored versions, 5 areas for the FFT views.
Figure 3 is an example of the development of one of these images. Figure 4 allows us to
compare 3 source images of pure ethanol 62% m/m and of the mother tincture of a
plant Gelsemium sempervirens containing also ethanol 62% m/m.



Figure 3: Black and white, colored and FFT image and the selected surfaces on a water
droplet (external selection, brightest selection, center 1, 2 and 3).

Figure 4: Source images of ethanolic solutions. The 3 on the left are the pure
hydroalcoholic solution, on the right the 3 images of the mother tincture of the plant
Gelsemium. Both solutions contain 62% m/m of ethanol.

3.8 Normalization of data

Data normalization aims to transform the values of the dataset into the same scale [92-
94]. For multiple data sets where variability is justified by measurements that can be
influenced by technical or environmental factors, standardization on one parameter is
appropriate. For EPA, the internal areas analyzed must be comparable in size.



3.9 Statistical analysis

All statistical analyses were performed on EPA raw data using SigmaStat version 4, a
wizard-based statistical software package designed to guide users through each step of
the procedure. For multiple comparisons, two- or three-way analyses of variance
(ANOVAs) were applied after the normality (Shapiro-Wilk test) and equality of
variances (Brown-Forsythe test) were validated. The following specific pairwise
multiple comparison procedures were suggested: The Tukey test for two-way ANOVA
and the Holm-Sidak method for three-way ANOVA. The significance level was set at 0.05.

4. Results

One of the main advantages of recording EPA images is the extreme sensitivity of
the technique. It may then be anticipated that small changes around the droplet,
atmosphere’s temperature as well as relative humidity or electromagnetic background
could lead to completely different images for the same sample. To check further this
point, twelve images have been captured for tap water.

As a preliminary step, six images were analyzed using the-Weber algorithm and
five local adaptive thresholding techniques (Bernsen, Niblack, Sauvola, Phansalkar, and
Savakis). Reproducibility at the 95% level was observed for all these parameters (Table
2) between these six images.

Table 2: Results of statistical analysis using five local adaptive thresholding techniques.
for parameters of the 6 first tap water photographs.

Statistics (6-values) for the sample: tap water with prob = 95.0%.
Indice Mean o EIQ Low High Asymm. Flat.
L2-N 1514382 | 415201 103834 | 1078655 | 1950108 | -0.7521 | -1.2426
HI-N 771101 341254 195312 | 412977 | 1129225 | -0.2303 | -1.6639
0-D 8522 1648 332 6793 10252 -1.0410 -0.5675
»-D 1201 293 113 894 1509 -0.9368 -0.7445
1-D 213 44 17 167 259 -0.9140 | -0.8301
2-D 110 17 6 92 127 -0.9541 -0.7872
w-D 62 6 2 55 68 -0.8679 -0.9402
1-H 7.7051 0.3441 0.1056 7.3440 8.0663 -1.0590 | -0.6001
2-\ 0.0093 0.0017 0.0008 0.0075 0.0112 1.1328 -0.4852
I-E 0.5911 0.0121 0.0049 0.5784 0.6038 -0.9175 -0.8714
2-E 0.9044 0.0085 0.0023 0.8955 0.9133 -1.0915 | -0.5574

The analysis described in section 3.7 has been applied to a second set of 12
analyzed images to check reproducibility once more.

A/ In terms of the global image (without area selection), the area geometry parameters
are always the same. Table 3 shows the coefficients of variability for the other
parameters of 12 tap water source photographs. Table 4 shows these variances for the 7
selected areas (2 colored and 5 FFT images see Fig 3).



Table 3: Coefficients of variability looking at the images without any area selection
(global image) for parameters of the 12 tap water photographs.

Measured parameters Global Black & White Global coloured Global FFT
Mean 2% 7% 13%
StdDev 6% 4% 3%
Mode 0% 4% 26%
Min 0,7% 0% 0%
Max 0% 2% 1%
XM 0,6% 2% 0%
YM 1% 3% 0%
Median 0,3% 3% 16%
Skew 6% 6% 62%
Kurt 12% 17% >100%

Table 4: Coefficients of variability between parameters of the 12.tap source photographs
calculated for the selected areas.

Measured Color Color FFT FFT FFT FFT FFT

parameters | External Internal External | Brightest | Center Center | Center
selection | selection | selection | Selection 3 2 1

Area 6% 8% 19% 16% 26% 12% 32%
Mean 8% 5% 3% 2% 2% 1% 1%
StdDev 8% 3% 3% 3% 10% 11% 12%
Mode 7% 4% 3% 2% 2% 4% 3%
Min 3% 2% 4% 22% 10% 6% 5%
Max 0% 3% 0% 0% 0% 0% 0%
X 2% 2% 1% 1% 0,1% 0,2% 0,1%
Y 3% 3% 2% 0,7% 0,2% 0,1% 0,2%
XM 3% 2% 1% 0,9% 0,1% 0,2% 0,1%
YM 3% 3% 1% 0,6% 0,1% 0,1% 0,2%
Perim 3% 6% 9% 8% 12% 5% 15%
BX 3% 3% 21% 7% 0,9% 0,2% 0,3%
BY 5% 5% 22% 9% 0,8% 0,2% 0,3%
Width 3% 6% 10% 8% 13% 6% 16%
Height 5% 9% 10% 10% 12% 8% 16%
Major 5% 8% 9% 9% 13% 5% 17%
Minor 4% 6% 9% 8% 12% 8% 16%
Angle 3% 28% 73% 88% 0% >100% >100%
Circ 3% 6% 204 504 0,9% 0,4% 1%
Feret 5% 8% 9% 9% 13% 0,5% 17%
Median 14% 3% 3% 3% 0,1% 0,1% 2%
Skew 12% 15% 24% 35% 99% 64% >100%
Kurt 23% 36% 66% 57% 57% 77% 61%
FeretX 10% 4% 46% 32% 0,9% 0,1% 0,4%
FeretY 24% 17% 24% 20% 0,2% 0,1% 0,4%
FeretAngle 40% 34% 73% 88% 0% >100% >100%
Min Feret 3% 8% 9% 8% 12% 8% 14%
AR 6% 12% 4% 6% 0,8% 7% 11%
Round 6% 12% 4% 5% 0,7% 6% 10%
Solidity 1% 3% 0% 0% 0,9% 2% 8%
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B/ To test the potential of the method to discriminate between two images, we
compared first, 3 images of pure ethanolic solution and 3 of a concentrated mother
tincture. Both are titrated to 62% m/m ethanol (figure 4).

Analyzing these 6 images, only 2 of the 30 parameters related to the vertical axis
of the image (Y, YM) did not pass the 3-way ANOVA test. This statistical approach allows
us to check the ability to discriminate between two different products, but also between
the selected areas. It also provides another way of checking the reproducibility of the
method. Normality test passed everywhere except for Mode and FeretX. Variance passed
everywhere. Discrimination between ethanol and mother tincture (product) was
successful for 20 parameters for the outer perimeter selection and for 18 parameters for
the central dark area. Failures are expected because, in these hydroalcoholicimages the
shape is perfectly round, in which case the angular parameters cannot be used for
differentiation.

Table 5: Statistical analysis of the indexes measured on the electrophotonic images.
Highlighted in pink are results statistically significant (p=<0.05).in favor of discrimination.
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Measured Ethanol Gelsemium | ANOVA{ Normality | Variance P-value between
parameters| \Mean | StdDev| Mean |StdDev| 3W Product (n=2)| Zone (n=2) |Sample (n=3)
Area 4875 | 4152 | 11173 | 10784 OK Passed Passed 0,034 <0.001 0,845
Mean 81824 | 17709 | 51227 | 38175 OK Passed Passed 0,006 <0,001 0,919
StdDev | 46983 | 9037 | 45339 | 34092 OK Passed Passed 0,862 0,004 0,958
Mode 26 17 132 135 OK Failed Passed 0,037 0,013 0,991
Min 8 1 6 1 OK Passed Passed <0.001 1,000 <0.001
Max 224 38 177 86 OK Passed Passed 0,046 <0.001 0,784
X 247 3 241 1 OK Passed Passed <0.001 0,190 0,238
Y 272 2 273 1 NS Passed Passed 0,264 0,787 0,583
XM 247 3 240 1 OK Passed Passed <0.001 0,877 0,355
YM 271 2 273 1 NS Passed Passed 0,094 0,578 0,738
Perim. 224 116 324 206 OK Passed Passed 0,019 <0.001 0,869
BX 211 20 189 34 OK Passed Passed 0,005 <0.001 0,733
BY 237 19 222 32 OK Passed Passed 0,022 <0.001 0,791
Width 72 36 104 66 OK Passed Passed 0,023 <0.001 0,897
Height 71 37 103 65 OK Passed Passed 0,016 <0.001 0,836
Major 72 37 104 66 OK Passed Passed 0,020 <0.001 0,899
Minor 70 37 102 65 OK Passed Passed 0,018 <0.001 0,836
Angle 15 37 45 49 NS Passed Passed 0,334 1,000 0,772
Circ. 0,998 | 0,003 | 1,000 | 0,000 NS Passed Passed 0,130 0,203 0,358
Feret 72 37 104 66 OK Passed Passed 0,020 <0.001 0,897
Median 74 15 34 28 OK Passed Passed <0.001 <0.001 0,779
Skew 0,584 | 0,122 | 1,623 | 0,656 OK Passed Passed 0,006 0,096 0,993
Kurt -0,361 | 0,199 | 2,397 | 2,760 OK Failed Passed 0,027 0,045 0,993
FeretX 219 20 209 42 NS Passed Passed 0,578 0,107 0,703
FeretY 281 22 293 30 NS Passed Passed 0,481 0,406 0,722
FeretAngle 15 37 45 49 NS Passed Passed 0,334 1,000 0,772
MinFeret 70 37 102 65 OK Passed Passed 0,018 <0.001 0,837
AR 1,036 | 0,038 | 1,028 | 0,024 OK Passed Passed 0,531 0,031 0,093
Round 0,967 | 0,034.| 0,974/ | 0,022 OK Passed Passed 0,553 0,027 0,096
Solidity | 0,996 |-0,002 | 1,003 | 0,006 OK Passed Passed 0,038 0,563 0,711

About thereproducibility of the measurements between the 3 samples of the
same product, the difference in the mean values between them is not so great as to
exclude the possibility that the little differences are simply due to random sampling
variability (Table 5 - Figure 5).
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Figure 5: Statistical analysis of the parameters measured on the electrophotonic images.

The same analysis can be done on the selected areas of the FFT images (Fig 3).
However, we can see that the outermost central zone 3, which is clearly visible in the
Gelsemium mother tincture image, is missing from the ethanol FFT images (Fig 6). The 3
ethanol images have only 2 concentric circles, hexagonal in the middle, whereas the
images of the tinctures of Gelsemium, like the tap water drops above, have a third
additional circle around the center. This discrimination is possible because a specific
luminous wavelength is expressed for Gelsemium, but not for ethanol. For the remaining
4 selected shared areas the 3-way ANOVA procedure has been followed for the 30
parameters, aiming to assess the potential for discrimination between these two
products. Analyses of the other areas did not enable them to distinguish between the
wavelengths of light emitted by ethanol control and the Gelsemium mother tincture.
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Figure 6: The central areas of the three images of 62% ethanol are shown above. The
three images of the Gelsemium mother tincture, which also has a 62% alcohol content, are
shown below.

C/ The third stage of this validation is to compare the above mentioned 12‘images of
drops of tap water with 12 images of Gelsemium (62%m/m), at very high dilutions. The
solvent used for these dilutions is an alcohol/water mixture titrated to 62% m/m
ethanol. These images were taken randomly over 4 consecutive days (Figure 7). Small
natural variations in temperature and humidity at the sites must be considered.

Figure 7: 12 images of drops of tap water above and below 12 images of high diluted
Gelsemium.

The differences between tap water and hydroalcoholic solutions of Gelsemium are
obvious (Fig 7). Streams are longer for Gelsemium, dark center is larger for tap water
images.

For the global images of tap water considering all measured parameters the mean CV is
1% and for Gelsemium 4%.

As the images are circular in shape, the angle values (or related parameters) are
irrelevant when it comes to the selected external or internal area of Gelsemium, just like
they are for tap water.
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Considering the other parameters, during the area selection process, the variability of
measurements is greater for Gelsemium than for tap water. The other parameters will
also be affected by the instability of the size of Gelsemium images. The coefficient of
variation for all parameters in the two selected zones (external and internal) is around
38%. Therefore, the size of the internal area needs to be normalized before the other
parameters can be analyzed (Table 6).

Table 6: The coefficient of variation for tap water is spontaneously acceptable. To obtain
comparable values for Gelsemium images, the perimeter of the selected internal area,
corresponding to the perimeter of the observed drop, must be normalized before analyzing
all other parameters.

Normalized
TAP WATER Gels 1026109
INTERNAL AREA Perim Perim

1 293.521 109.978
300.628 119.401
255.899 111.532
277.329 130.419
287.148 125.664
291.420 108.391
260.011 105.249
244.352 116.239
297.342 124.098
10 255.256 113.119
11 278.361 108.391
12 288.899 106.814

© 0N OB WN

Mean 277514 114941
SDET 18995 8232
CV 0,0684 0,0716
CV% 7% 7%

Using a 2-way ANOVA (product/samples) for the external area, the normality and
variance tests were passed for almost all parameters. Discrimination between products
is statistically significant. For 26 parameters even at p<0.001. Among the 12 samples of
each product, no significant difference can be observed.

For theiinternal area, results are the same, discrimination between products is
statistically significant everywhere, for 27 parameters even at p<0,001.

D/ FFT images are focused on light wavelength of emitted light and do not need to go
through a normalization process (Figure 8). The center corresponds to a large spatial
wavelength. Wavelengths become shorter and shorter towards the periphery.
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Figure 8: On the left is an FFT image of a highly diluted Gelsemium/drop. On the right is an
FFT image of a drop of tap water, for example.

The first observed result is that all the FFT images of Gelsemium-«dilutions have only 2
central concentric zones (Fig 8) before streamers are expanding outside, just like pure
ethanol (Fig 6). On the contrary, the FFT images of the tap water are more complex in
the center; the streamers have a different structure.

The differences in the wavelengths of the emitted light are obvious even without
statistical analysis. Using 3-way ANOVA, the parameters related to the selection of the
area are specific and the difference.is highly statistically significant (p<0,001) for
product and zone, but there is no statistically significant difference between the
different samples of the same product (Perim; BX; BY; Width; Hight; Major; Minor; Feret;
MinFeret). The same result is obtained for the intensity of the emitted light expressed in
pixels (StdDev; Min). Kurtosis is.also discriminant.

Detailed ANOVA spreadsheets in supplementary material.
5. Conclusion

The electro-photoenic analytical approach is a valuable tool for gaining theoretical
insights into chemistry. There are several reasons why these insights can be validated in
practice. This validation needs to be confirmed using more data.

e The photographs of different samples of the same composition show
reproducible results with a reliable coefficient of variation, which is a significant
advantage of the method.

e The approach can detect measurable differences in the concentration of two
comparable high-ethanolic solutions (with or without added material), which is
important for achieving experimental accuracy.

e Even when the internal area, corresponding to a different volume of the drop has
to be normalized, the method can distinguish between common tap water and
highly diluted plant extract (Gelsemium).
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