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This work focused its attention on the effect of low intensity static magnetic field on purified water: more specifically,
on how the ultraviolet absorbance and the surface tension of the water may be affected. It has been found that pure
water, exposed to a magnetic field for periods of time, does not absorb the ultraviolet radiation in an asymptotic way,
but shows a local maximum at 15 minutes. It is also shown that the contact angle of droplets on paraffin can be reduced
by up to 5 degrees by exposing the water to a 10 mT static magnetic field.

I. INTRODUCTION

The physical and chemical properties of water have been, to
some extent, changed by applying magnetic fields of different
natures. Two main streams of interest regarding the exposure ®*
of water to an external magnetic field are producing a large
number of works. The first deals with the study of the effect
on the molecular structure of water by observing the change in
dielectric constant, refractive index, volatility and surface ten-
sion among others properties!~; these changes in the structure
of water have been associated to hydrogen bonds.

The second stream is related to the study of the effect on
the crystallisation of calcium carbonate CaCOs, where the
interaction of an external magnetic field with the charged
species affects crystal nucleation and growth, mainly related ®°
to the scale prevention®'!. Furthermore, another distinction
of these works may be made if we consider the kinetic condi-
tion of the water when the magnetic field is applied (i.e. circu-
lating or static water), yielding a more complicated scenario
since electric fields are induced by the passing of a conducting ”°
fluid through a magnetic field. The conductivity, the amount
of evaporated water and the crystal formation have been re-
ported to be affected by the flow rate>7-8.

Studies'>™!> of how a magnetic field interacts with hydro-
gen bonds have revealed a weakening effect in terms of break- 7
ing or reducing the number of hydrogen bonds. Hydrogen
bond strength is about 23 kJ mol~! compare to the O—H cova-
lent bond strength of 492 kJ mol~'. It has been accepted that
water molecule clusters may be classified according to the hy-
drogen bonds into inter- and intra-cluster. Simulations'> have
shown that a magnetic field can break the intra-cluster hydro-
gen bonds and strengthen the inter-cluster. Moreover, it has
been reported'® that the distribution of hydrogen bonds can be
affected by the water’s magnetic moment interaction in a mag-
netic field. Therefore, an external magnetic field can weaken, ®*
or even break, the hydrogen bonds, increasing the number of
monomer water molecules.

¥Electronic mail: jose.duenas @die.uhu.es

Another classification of water molecules can be catego-
rized according to the two possible spin orientations of its hy-
drogen atoms so water is a mixture of two isomers that differ
in the direction of their hydrogen spins: the spins are parallel
in “ortho” water and antiparallel in “para” water. The spin iso-
mers of water can be separated'”!8 but it is difficult to study
their properties in bulk water so what is needed, therefore, is a
way to observe just a single water molecule and to somehow
control its isomerisation between the ortho and para forms.
A procedure has been reported'® in which researchers shot
a slow beam of water molecules through an hexapole mag-
netic field assembly (strong magnetic field gradients); the field
acted like a selective lens for ortho water, which, unlike para
water, is sensitive to a magnetic field. Most recently'® a wa-
ter molecule has been encapsulated in a fullerene (H,O@Cg)
and shown that its bulk dielectric constant depends on the spin
isomer composition.

On the whole, except for a few works, the static magnetic
fields employed to magnetize the water were generally well
above 200 mT, leaving the effects of low intensity field unde-
termined. To detect the changes produced by magnetic field
ranging from 10 mT to 200 mT on purified water, we resort to
photoelectron spectroscopy to assess the electronic transitions
(ultraviolet region) by employing a commercial spectropho-
tometer. The authors employed wetting, which involves the
measurement of contact angles, to study how a magnetic field
changes the physical properties of water. In this work, a direct
optical method for measuring the contact angle was employed
because of its simplicity, i.e. requires small droplets, no el-
ements between the camera and the droplet, and free online
image processing software.

Water magnetic treatment is commonly consider to be a
controversial process, and according to some authors the re-
sults of the experimental work has been primarily qualitative
and unreliable. However, the methodology employed by the
authors makes sure that the results are well founded on the
whole and easily reproducible.
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Il. MATERIALS AND METHODS
A. Static magnetic field generator

A homemade static magnetic field generator was assembled
by wrapping three coils around a hollow rectangular iron core
(cross-section 25 x 25 mm?) with a narrow air gap of 15 mm,
see inset in Fig. 1(a). The copper coils (wire of 1.2 mm in
diameter) form a series circuit, which is connected to a di-
rect current (DC) variable source, capable of supplying up to
5 A. To measure the magnetic field at the gap, a Gaussme-
ter GMO8 manufactured by Hirst Magnetic Instruments Ltd
was employed. The magnetic hysteresis loop of our system is
shown in Fig. 1(a), where the experimental values (symbols)
were obtained by increasing the current up to 5 A (upward)
and then reducing the current back (downward). The resid-
ual magnetism is £7 mT, which limits the lowest value of the
magnetic field generator for a current sign. The versatility of
the system allows a controllable working range from above
7 mT up to 200 mT. Stability tests were performed to ensure
that the magnetic field at the gap did not fluctuate out of the
GMOS precision range (0.1 mT) over time. A magnetic field
cross-section plot can be seen at Fig. 1(b), where the maxi-
mum value of the field is found at the central area, about 2 cm
X 2 cm.

B. Sample preparation

High-level purified water (18.2 MQ-cm at 298 K) produced
by a Milli-Q Millipore System (Milli-Q Advantage A10) was
employed. A volume of 1.3 mL of purified water is required to
fill the microchannel of an ultraviolet quartz cuvette (10 mm
path length) placed into the gap of the magnetic field genera-
tor, being the water volume completely exposed to the mag-
netic flux. Before placing the sample container, the magnetic
field at the gap was always measured at the central area. Both
the time and the static magnetic field to which the samples
were exposed are given in following sections. It has to be
mentioned that the volume of purified water, from which the
samples were taken, was exposed to air over an hour to absorb
atmospheric CO; and gases i.e. let the water fully equilibrate

with air before using it. 140

C. Spectrophotometer

An Agilent Cary 60 UV-Vis spectrophotometer was em-
ployed to perform absorbance studies in the ultraviolet (UV)
region. The spectral resolution of the system is 1.5 nm withuas
a focused beam measuring 1.5 mm x 1.0 mm. The Cary 60
system has incorporated a Peltier (1 x 1) cell holder to con-
trol the sample temperature, which was set to match that of
the purified water, room temperature. It has to be mentioned
that all the system involved in the sample preparation, namediso
the Milli-Q system and the magnetic field generator, where
just a few meters away from the spectrophotometer and in the
same room. The UV range studied was between 192 nm and

(@ The hysteresis loop of the field generator
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FIG. 1. (a), static magnetic field values vs applied risen (up) and
fallen (down) current values, hysteresis loop. The inset shows a
sketch of the homemade magnetic field generator consisting of a iron
core with an air gap and three coper coils. (b), magnetic field cross-
section obtained at the middle of the air gap for an applied current of
SA.

230 nm. The data was recorded with an interval of 0.15 nm
and exported as a comma-separated values (CSV) file for data
processing.

D. Methodology and data processing

Figure 2 shows a block diagram of the procedure followed
to measure the absorbance. The purified water was allowed to
sit for one hour in a shallow dish before preparing the 1.3 mL
sample (step 1). Then, the sample is placed in the spectropho-
tometer to obtain its UV spectrum (step 2). Next, the sample is
taken to the magnetic field generator where it will be exposed
to a given magnetic field for a period of time (step 3). Finally,
the magnetized sample is placed in the spectrophotometer to
once again obtain its UV spectrum (step 4). A few seconds
passed between exposure and measurement. The instrument
takes about 15 seconds to obtain the UV spectrum.
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FIG. 2. Block diagram of the procedure followed to measure the
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Since the data were collected over time in different room

conditions (i.e. lab without a controlled environment: at-
mospheric pressure, humidity, etc.), and in order to be able
to study the relative amount of light that was absorbed by
the samples as a function of both the applied magnetic field,
and exposure time Ag(B,1), the following formulas were em-

ployed:

Ag(B,t) = Ag(B,t) = 04, (1)
. 100 & Ay, (B, 1) — A,
Ag(B,1) = S AT A, 2)
_ 0AR 2 0AR 2
on W%M) (2o o

where Ay, (B,t) is the absorbance of the sample i after being
exposed to a given magnetic field (B) for a given time (¢), and,,s
Ay, is the absorbance of the sample i before the magnetic treat-
ment i.e. reference sample. To ensure reproducible and reli-
able measurement, the average relative absorbance Ag(B,?)
was calculated out of 5 samples i.e. 5 spectra were taken from
samples before, and another 5 spectra after the magnetic treat,,
ment. The formula is multiplied by 100 to express it in per-
centage. The variance of the relative absorbance oy, is calcu-
lated by error propagation employing the standard deviation of
the spectra before (0y,) and after (oy,,) magnetic treatment.
The values of B and ¢ employed are shown in the following.s
result section.

E. Contact angle measurements

Purified water was applied as 1 uL droplets using a micro-
syringe and micro-applicator on a plastic paraffin film placed

on a spruce square rod. The contact angle was defined as the
angle formed by the intersection of the water-surface inter-
face and the water-air interface (tangent to the droplet profile).
By employing a high-definition camera with macro objective
coupled up to a microscope (Leica MZ6), a picture of each
droplet was taken after 20 seconds of deposition. To accu-
rately measure the contact angle of each droplet we employed
an image processing software ImageJ 1.48 V2. A total of 30
droplets (sample size n = 30), for each magnetic treatment,
were employed to obtain the contact angle mean value (6.0)
and also the sample standard deviation (s). Then, the standard
error of the mean (0g, ) was estimated as the sample stan-
dard deviation divided by the squared root of the sample size

(0g,, = /).

I1l. RESULTS AND DISCUSSION
A. Ultraviolet absorbance

The absorbance spectra of purified water under the influ-
ence of a magnetic field of 200 mT, for different magnetiza-
tion times (i.e. the time to which the sample was exposed
to the field), can be seen in Fig. 3(a). For the sake of clar-
ity, the results shown in pad (a) are from single measure-
ments (one spectrum per magnetization time), as explained
previously the statistics are built on five samples per variable
(i.e. magnetization time or magnetic field strength). In gen-
eral, the absorbance increased with the magnetization time
going from the bottom dashed curve, which corresponds to
no magnetized water or no applied field, to the top curve ob-
tained after the sample was exposed to a magnetic field of 200
mT for 15 minutes. Differences between two adjacent curves
were not well distinguished with the naked eye; however, the
separation is easily observed when comparing the spectra of
a given magnetized sample with the no magnetized sample.
Moreover, a clearer quantification for these differences can be
made by obtaining the relative absorbance as explained in the
methodology and data processing section shown in Fig 3(b).
Here, the relative absorbance for an applied field of 200 mT
reaches nearly 8% for a magnetization time of 15 minutes (up-
per spectrum), and even after just 2 minutes most of the wave-
lengths exceeded a value of 2% (lower spectrum). Similarly,
in Fig. 3(c) the relative absorbance as a function of the applied
magnetic field, for a magnetization time of 15 minutes, yields
values of about 2% for 10 mT and up to 6% for 150 mT.

From Fig. 3 the conclusion could be easily drawn that both
the magnetization time and the magnetic field intensity would
have the same effect on the UV spectra of purified water i.e.
the longer the magnetization time the higher the absorbance or
as the magnetic field increases so does the absorbance. How-
ever, it has been found that for magnetization time greater than
15 minutes, the absorbance is no longer rising but falling, as
shown in Fig. 3(d), where the values are shown of the relative
absorbance at a wavelength of 200 nm as a function of the
magnetization time for different applied magnetic fields. The
value of 380 mT was obtained by employing a sandwich struc-
ture of two Neodymium magnets, confirming once again the



235

245

260

270

280

200

maximum value at 15 minutes. This “peak behaviour” con-
trasts with the expected asymptotic profile, i.e. absorbance
increases until it approaches some fixed value of magnetiza-
tion time, at which point it levels off, otherwise found by3’21
in the infrared region of 4400-6000 cm~!. Nevertheless, in
agreement with the latter references, it has been found a linear
relation between the absorbance (regardless of the difference
in the studied wavelength regions) and the intensity of the
applied magnetic field: that is, that the absorbance increases
with increasing magnetic field. However, the experiments per-
formed in this work did not show any ‘“‘saturation effect” or
asymptotic behaviour within our 30 minutes’ magnetization
time, which was the time window to ensure a temperature vari-
ation less than one degree Celsius. Experiments were carried
out by varying the Peltier temperature of the spectrophotome-
ter to verify that the UV spectrum of untreated purified water
sample was not affected by a two degrees Celsius increment.
Two more experiments were performed to attain the
restoration of the absorbance value after magnetization. The
first consisted in extending the magnetization time well be-
yond the found local maximum as shown in Fig. 4. For one
hour of treatment the relative absorbance (at 200 nm) is about
1% i.e. water still being affected by the magnetic field and was
not fully restored to its original state. The second experiment
dealt with residual magnetism. A sample was magnetized for
15 minutes with a field of 150 mT, then the spectrophotome-
ter was set to obtain the absorbance spectrum in intervals of
15 minutes for 18 hours i.e. a total of 72 spectra to assess
the relaxation time. The temperature was kept constant by
the Peltier device. After this period no significant difference
was fount i.e. the absorbance values were barely unaltered
throughout the UV range. This phenomenon of “memory” of
magnetized water, which as proved it is a function of not only
the intensity of the applied field but also of the magnetization
time, has also been reported™’ to last from 24 h up to 200 h.
As far as the authors know, this is the first experimental
evidence of the absorbance peak behaviour with magnetiza-
tion time in the UV region under study. However, references
have been found'>'¢ where computer simulation works show
that the relationships between the internal energy, the heat ca-
pacity of water, and the external magnetic field strength are
multipeak functions not an asymptotic. They conclude that
an external magnetic field weakens the hydrogen bonds intra
clusters, breaking the larger clusters, forming smaller clusters.
This readjustment of molecules and their polarization distri-
bution will increase the nonbonding electrons susceptible to
transitions, and therefore the UV absorbance will increase. An
externally applied magnetic field enhances the UV absorption
of purified water. In our case, the fact of having an increasing
absorbance reveals the time needed to optimize the process of
weakening the hydrogen bonds and therefore the subdivisions
of the clusters. With the application of a magnetic field the
UV absorbance researches its maximum value after 15 min-
utes Fig. 3(d). Continuing the application of the magnetic
field does not lead to an increase in UV absorbance; rather,
it diminished it in proportion to the time the magnetic field
is applied Fig. 4. By increasing the magnetization time the
effect on the water clusters is reversed, reducing then the non-
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FIG. 4. Relative absorbance at 200 nm vs magnetization time for an
applied field of 150 mT. After 1 h of treatment the absorbance gets
closer to the sample pretreatment state.

bonding electrons and causing a drop in absorbance. Authors
believe that this local maximum could be shifted for other dif-
ferent forms of water or under extreme conditions e.g. tem-
perature and pressure, which will be a subject for future work.

Considering recent research on ortho and para water’>??
and the fact that the ortho component interacts with an exter-
nal magnetic field, it seems plausible that the process of weak-
ening and breaking are mostly induced in hydrogen bonded
cluster formed by ortho water molecules, which in turn may
be an advantage when separating these two spin isomers. The
ortho:para ratio is 3 : 1 at room temperature and its equilib-
rium takes nearly an hour?*. However, recent works?® set this
ratio closer to 1 : 1 in liquid water due to hydrogen bond for-
mation, and one would expect a shorter time to reach it. Our
local maximum found at 15 minutes of magnetization time
may be a indicator of it.

B. Contact angle

Two examples of 1 uL droplets are shown in Fig. 5(a) and
(b). The image processing software calculated the contact
angles employing both the sphere and the ellipse approxima-
tions, Fig. 5(a’) and (b’) respectively. The final value of the
contact angle was the average of both the right and left con-
tact angles of the droplet. The results obtained from the study
of the influence of the magnitezation time on the contact an-
gle are shown in Fig. 6(a), where the applied magnetic field
was changed from 10 mT to 200 mT. Similarly, the results
obtained from the study of the influence of the magnetic field
strength on the contact angle are shown in Fig. 6(b), where
three data sets corresponding to samples magnetized in differ-
ent days, for a magnetization time of 15 minutes, are shown.
The experimental contact angles are given by the mean (solid
symbol) and its standard error (error bars), 6., + 0g,,- The
tendency curves (dotted lines in Fig. 6) are obtained by fitting
the experimental data with the following equation:

Ocq (x) = easym(l +Ap eiax) “4)

where 0,y,, is the angle at which the plateau ends up (asymp-
totic value) and o governs how fast it gets there (decay rate);
the constant Ay yields the contact angle before magnetic
treatment, 6,,(0). Table I shows the parameter employed to
produce the tendency curves in Fig. 6(a) i.e. the calculated
contact angle as a function of the magnetization time 0.,(z);

FIG. 5. Photographs of two different 1 uL droplets (a) and (b). The
image processing software estimates the contact angles following the
fitting lines (a’) and (b’). 30 photographs are taken for each magnetic
treatment.
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and table II shows the ones to produce the tendency curves in
Fig. 6(b) i.e. the calculated contact angle as a function of thesso
applied magnetic field 6.,(B).

TABLE I. Parameters to produce tendency curves in Fig. 6(a). See
text for parameter definition. 208

Dataset 6.4(0) 6Ouym Ao o
A 10mT 105.1 100.230 0.051 0.225
v50mT 105.3 100.101 0.050 0.225
100 mT 105.0 99.899 0.052 0.225
¢ 200 mT 105.8 99.705 0.061 0.225

370

TABLE II. Parameters to produce tendency curves in Fig. 6(b). See
text for parameter definition.

Dataset 0.4(0) 6uym A o
A Sample 1 105.2 100.15 0.050 0.040 375
M Sample 2 105.0 99.98 0.050 0.040
e Sample 3 105.8 100.20 0.056 0.030

We carried out a control experiment to study the time evo
lution of the contact angle without the applied field. The re-
sults of which are shown in table III. Then, we produced four
batches of droplets from the same purified water sample with
ten minutes time difference, but we did not applied the mag- __
netic field and found that the contact angle barely changed,
proving that only the applied field caused the change in con-
tact angle.

TABLE III. Average contact angle 6., and its sigma o3, without
applied field, time steps of 10 minutes.

Time (minutes) 0 10 20 30 390

Oea 105.8 105.9 105.7 105.6
o 05 06 07 05

ca

The overall conclusion of these experiments is that the con-
tact angle, and therefore the surface tension forces, of theses
droplets are being affected by low intensity static magnetic
fields. Moreover, from Fig. 6(a) it can be seen that the plateau
is reached for a magnetization time of roughly 15 minutes
or longer, which coincides with the relative absorbance peak
shown in Fig 3(d). These findings have revealed that thet®
maximum effect of an applied static magnetic field, on the
ultraviolet absorbance and on the contact angle, happens at
magnetization time of about 15 minutes. Similar “plateau”
behaviour, concerning the contact angle, has been reportedos
in?627 although no detailed values of magnetization time or
applied magnetic field are given. Figure 6(b) also reveals
that, for a magnetization time of 15 minutes, the contact an-
gle reaches an asymptotic value above 50 mT; the experiment:o

was repeated in three different days, employing on day 3 the
Neodymium magnets to reach the 380 mT. The contact angles
measured before magnetic treatment ,,(0) are within the ex-
pected range since pure water droplet makes a contact angle
of 105° to 110° with a smooth paraffin surface?®. As shown
in table I, the original contact angle 6,,(0) has been reduced
up to 5 degrees, which means that the spreadability or wet-
tability has been increased. It is known that the reduction of
the contact angle of magnetized water is due to the increase of
polarized effect and the changes of distribution and clustering
structure of water molecules after magnetization?%-3°,

IV. CONCLUSIONS AND FUTURE WORKS

The experiments carried out during this work have shown
that a static magnetic field of just 10 mT, applied to a vol-
ume of 1.3 mL of purified water, increases the absorbance of
the UV spectrum in the region of 190 to 230 nm. It was also
shown that the relative absorbance as a function of the magne-
tization time is not asymptotic, but presents a local maximum
at 15 minutes, which is the time required for the stabilization
of nonbonding electrons. Furthermore, the contact angle of
purified water droplets on paraffin film was reduced by 5 de-
grees after a magnetization time of 15 minutes, employing a
10 mT magnetic field. In this study, the contact angle as a
function of both the magnetization time and the applied field
showed a plateau behaviour, which is in agreement with other
authors. The authors plan, in the near future, experiments to
look further into the studied effects, but employing a pulsed
magnetic field i.e. short but strong pulse of magnetic field,
and to develop some new theoretical models.
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