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(2) Microlab, Section of Materials and Environment, Delft University of Technology,
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Abstract

Water molecules exist as two spin isomers, differing by the relative orientation of the nuclear
spins of the two hydrogen atoms: either antiparallel (para-water, S=0) or parallel (ortho-water,
S=1) [1]. The transition between these nuclear spin states can be achieved through magnetic
symmetry breaking via a field gradient across the spins applied by a suitably placed magnetic
moment for a sufficiently long time [2]. The contradictory mechanisms of interaction between
water or an aqueous solution and magnetic field were reviewed, especially the one expanded
on Dynamically Ordered Liquid Like Oxyanion Polymers (DOLLOP) [3]. Then the state of art
agreements that have been proved by reproductive experiments or theories were discussed. A
new hypothesis for the magnetic effects on the interconversion of nuclear spin isomers of water
at the interface of water-O, was proposed, as well as its applicability in the structure
modification of C-S-H.
Keywords: magnetic field, nuclear spin isomers, water, DOLLOP

1. INTRODUCTION

Magnetism is one of the key physical properties of materials and every material has its own
magnetism. It is a dream of chemists and physicists to use this physical property for controlling
chemical and physical processes [4], including engineers in concrete technology. In 1962,
Wulachoufuski and Alnanina in Russia started research on using magnetized water to mix
concrete for military structures [5]. Similar research was also conducted in Japan, Europe, and
China confirming that magnetized water could increase concrete strength by 10% [5, 6].
Besides, various studies have shown that usage of magnetic field treated water in the concrete
field can increase the workability [7], accelerate the hydration reaction, improve the
impermeability and freeze/thaw resistance [8] and early-age shrinkage cracking resistance [9].
Meanwhile, the effects of the magnetic field on the physicochemical [1] properties of water or
aqueous solutions and morphology of mineral precipitation, like CaCOs3; [10] have been the
most controversial issue for at least over a century [11, 12].

713



4th International RILEM conference on Microstructure Related Durability of Cementitious Composites (Microdurability2020)

Objectively, according to a large number of related publications, patents, commercial
devices, and published tests, there is no doubt that magnetized water exists. But even so, it is
difficult to fully understand this “new material” since the nature of the magnetization
mechanism of water is still very controversial. In order to better understand, when experiments
on magnetic effects on water or aqueous solution are conducted, the following information
should be carefully considered:

(1). The distribution of the magnetic field, including the strength, gradient, and frequency,

(2). The preparation of water, i.e. deionization, degassing, distillation,

(3). The gas dissolved in water or aqueous solution during the treatment and the tests,

(4). The temperature during the treatment and the tests,

(5). The exposure time in the field and the time needed to finish the tests,

(6). The cleaning procedures and possible contamination sources,

(7). The applied statistical methods.

Based on these criteria, a review was performed on magnetic effects as studied in recent
decades to clear the inextricable links of the interconversion of nuclear spin isomers of water
and the nature of magnetized water.

As a consequence of the Pauli principle, the wave function of a water molecule is
antisymmetric under the exchange of its two protons, which is written as a product of a
rotational state and a nuclear spin state [13]. Our hypothesis is that at room temperature the
ratio of ortho/para water at the interface of O2-H>O is not 3.0 and that the water molecules stay
at Triplet-Singlet-Imbalance (TSI) states. In an external magnetic field, oxygen dissolved in
water catalyses the TSI states to the equilibrium state with the ratio of ortho/para to be 3.0.
Meanwhile, metastable complexes form at the interface of O»-H>O that can last a relatively long
time in the absence of external destructive perturbations, including alcohol, sonication or heat
transfer, etc.

2. MECHANISMS FOR THE MAGNETIC EFFECTS

The unrepeatability of data is one of the main reasons why skepticism appears whenever the
magnetic effects are discussed. Therefore, above all, it is necessary to clarify why the magnetic
effects are always so doubtful.

In magnetic field — aqueous solution interactions, some observations can be perfectly
understood with thermodynamics. In a highly inhomogeneous magnetic field, a magnetic force
acts on a material with magnetic susceptibility x, which can be utilized in synthesizing high-
quality protein crystals [14], flying frogs [15] or aligning silicate-surfactant composites for
preparing macroscopic structurally ordered silica [16]. However, not all of the magnetic effects
can be perfectly understood in that scale, like the separation of nuclear spin isomers of water in
the elegantly designed magnetic field with high vertical gradient [1], where quantum mechanics
theory has to be used. In spin dynamics, the energy split by the magnetic field is several
magnitudes lower than thermal energy, but they may nevertheless make a significant difference.

The correlation of magnetic flux density (B) and the involved effects is not linear. By
increasing B from 0.1 to 1 T, a transition of magnetodesorption-to-magnetoadsorption of H2O
onto certain solids was observed. [17]. When the reduced coagulation rate constant was taken
as an indicator for the magnetic effects, the capability of static magnetic field on promoting
coagulation reached a “saturation level” at 0.4 T [18]. On the other hand, following the variation
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of Zeta potential of TiO, and CaCOs; suspensions in water, both the adsorption and the
dissipation of the energy occur in an oscillatory manner [19].

It is an open question whether the magnetic effects can be recorded when the aqueous
solution is relatively stationary with the field in time and space. The first proof of the existence
of magnetized water supports that the water is magnetized only when water dissolved Oz and B
changed [20]. But it worth noting that, in microscale, both the water molecules and the
dynamically ordered liquid-like oxyanion polymers (DOLLOPs) move randomly and rapidly
at ambient temperature [21]. Moreover, the lifetime of water molecules is limited to several
milliseconds due to the proton transfer [13]. Most of the time they are dissociated OH™-H" ionic
pairs [22].

2.1  The mechanisms based on Lorentz force

The nature of the interaction between aqueous solution (including pure water) and the
magnetic field is so complicated that there is no agreement even after decades of endless debate.
Generally, the most popular mechanisms can be classified as ion mechanism and surface
mechanism [11], in both of which, Lorentz force is supposed to increase the mobility of ion
cluster.

Inspired by Michael Faraday as early as 1830, claiming that when a magnetic field flux is
crossed by flow ions or conductive material, electrical current is induced, electromagnetic
devices are installed in the cooling system to recycle and treat hard water [23]. The force is
given by the vector product

F=q(E+vXB)

Where F is the force, q the charge, E the electric field, v the velocity, and B the magnetic
induction. The force is perpendicular to both the velocity and the magnetic induction, thus the
work is 0 and hence the energy is unchanged [24]. It has been proved that the Lorentz force on
moving ions in solution is far too weak to affect a crystallization process to any measurable
degree, even if it is realized that v is the instantaneous and not the drift velocity [3, 25]. Even
allowing for a high dielectric constant, the induced electric dipole moment will be pitifully
small [3]. This also applies to other kinds of motion, e.g. the proton in the O-H stretching
vibration. And any perturbation of the electron structure of the ions may be ruled out as well
since it is known that Zeeman effect requires high-resolution spectra to be detected [25].

Besides, the Lorentz force failed to explain the surface tension decrease of pure water due to
the magnetic field [20] and other magnetic effects by static treatment [18, 26-30].

2.2 Agreements when interpreting magnetic effects

(1) “Memory effects”

The magnetic effects persist minutes or hours or days after the water treatment, which is
uniquely known as the “magnetic memory of water” [31]. Both anecdotal and scientific
evidence suggests that the effect is not ephemeral, but continues for some time after the field
has been applied [32]. These “memory effects” have been recorded for decades and supported
by a large number of published results.

(2) Proton transfer

The proton transfer was firstly proposed by H.E. Lundager Madsen in 1995 to explain the
unusual magnet effects on precipitation of some inorganic salts. He found that increased
nucleation and crystal growth rates in a 0.27 T static magnetic field only happened for
carbonates and phosphates with diamagnetic metal ions [25]. Subsequently, it was proved that
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at high pH and when heavy water was used as a solvent, the magnetic effects were suppressed,
which confirmed the importance of proton transfer [33].

(3) Gas-liquid interface

The discovery that the main “receptor” of electromagnetic radiation or magnetic field is gas-
water interface was published, for the first time, by Miroslav Colic and Dwain Morse in 1998
[34]. A helical resonator was used to stimulate triply distilled water, aqueous solution and
colloidal silica, that has been degassed or not [34-36]. Although the results were not always
fully reproducible and difficult to analyse statistically, they insisted that the magnetic effects
can only be recorded in the samples without degassing. Subsequently, Sumio Ozeki, et al.
concluded that only when water contains dissolved O», the water is magnetized by changing B
over the water [20]. From the publications on “magnetized water”, we should realize that the
role of O> (or more generally, the air) dissolved in aqueous solutions has been overlooked.

2.3  DOLLOPs mechanism

This mechanism was offered by Coey, based on the non-classical nucleation mechanism for
subsaturated calcium carbonate solutions. Bicarbonate ions, the predominant carbonate species
in solution at neutral pH, are considered to park next to each other on one side of a polar
nucleation cluster and form a negatively charged surface. The other, positive side is occupied
by Ca?* ions. For the cluster to grow on the negatively charged surface, protons in the HCO3
must be replaced by Ca?* ions. An inhomogeneous magnetic field promotes the exchange of
singlet and triplet states of the proton spin dimers next to the HCO3 layer and facilitates the
attachment of Ca2*, by spin-dephasing. It was estimated that for most of the magnet devices,
the minimum magnetic gradient required is 100 T/m [3]. But, as usual, the gas-liquid interfaces
are neglected in literature.

This mechanism successfully explained the “memory effects” and the proton transfer
considered in the nucleation quantitatively. An increased formation of nm-sized prenucleation
clusters due to the exposure to the magnetic field (0.2 T/m) was observed in tap water which is
believed to be consistent with Coey’s theory [21]. However, the critical criteria for this theory,
a quantitative relationship between the magnetic gradient and these nm-sized clusters are
missing in the discussion. In other words, the magnetic gradient in the same order of magnitude
has been involved in nearly all of the experiments related to the magnetic effects and promotion
on nucleation can be easily found in most of them. But these records cannot be the proof for
Coey’s theory, because the reasoning on proton transfer and a comparison with varying
magnetic gradient have always been omitted.

2.4 A new mechanism based on the interconversion of ortho-para water

The foundation of this new mechanism is the interconversion of nuclear spin isomers of
water, which can be catalysed by molecular Oz in an inhomogeneous extra magnetic field.

(1). The ratio of ortho-para water in a liquid phase at ambient temperature

By terahertz time-domain spectroscopy, in-room temperature for water vapor, the ratio was
found to be humidity-dependent. When the humidity approaches 50%, the ratio is around 1.0
due to the preferential formation of dimers and clusters at increasing concentrations [37]. For
liquid water, via 'H-NMR[38, 39], four-photon laser spectroscopy [38, 40] and Raman
spectrum [41], Pershin, S. M, et al. found that the ratio varies in a wide range. In distilled water,
the ratio is 1.0 due to hydrogen bonds. By comparing the proton density via 'H-NMR with that
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of distilled water, increased content of ortho water was observed [38]. Coincidentally, the ratio
will relax to 3.0 rapidly when increasing the temperature or by sonication [42].

(2). The paramagnetic spin catalyst with molecular oxygen

O has been proved to be a perfect paramagnetic spin catalyst for the conversion of H>@Ceo
and H2O@Ceo at present [2, 43, 44]. In 2017, based on the concept of paramagnetic spin
catalysis of Ha, the interconversion of ortho-para water was proved in H>O and O» collisional
complexes in an external magnetic field, which was believed to be the nature of “magnetized
water” [45]. Now the paramagnetic catalyst theory is sufficiently developed to predict
experimental results.

(3). Acceleration on the interconversion of nuclear spin isomers due to extra magnetic field

Different from the mechanism of ortho-para H> conversion on the magnetic surface [46, 47],
an extrinsic magnetic field accelerates the interconversion, which was first observed in 1968 in
the presence of Cr2O3 catalyst [48]. There was no consistent explanation until 1999 when the
electron-nucleus resonant mechanism was proposed by E. Ilisaca and S. Paris [49, 50]. Besides,
the influence of an external homogeneous magnetic field on nuclear spin conversion in CH3F
was predicted in 1997. The effects arose either from the Zeeman splitting or from the magnetic
shielding of the molecular nuclei [51].

In liquid water, at ambient temperature, the dissolved oxygen, present as nanobubbles and
surrounded by water molecules, forms clathrate-like complexes [52]. At this O»-H>O interface,
the water is highly structured and each of them is in the Singlet or Triplet state. Without a
magnetic field, there can be no coordination between the S or the T states of different water
molecules, hence they cannot be correlated and induced to form part of the S or the T state of
the overall clathrate. However, in an inhomogeneous magnetic field, protons process at
different Larmor frequencies with promoted proton transfer rate. As a consequence, a clathrate
with all co-directional water molecules develops a T eigenstate (where the ratio of ortho-para
water is 3:1). When the magnetic field is removed, these clathrate complexes, in T eigenstate,
being “frozen”, serve as a nucleus for a potential crystallite in the bulk. In an electrolyte solution,
cations favor the O2-H>O interfaces which become negatively charged. Dissociation of water
molecules and proton transfer enhanced the solvation of cations, developing more cation-water
complexes.

The comprehensive quantum mechanics explanation was first given by S. Srebrenik, et al. to
explain the “memory effect” of magnetically treated water, via Ca(H20). [53]. Afterwards, it
was referred to by Sumio Ozeki in interpreting the magnetic-field-induced adsorption and
desorption (MAD) and transient oxygen clathrate-like hydrates in pure water with dissolved Oz
induced by a magnetic field [17, 54, 55].

The formation of C-S-H follows a complex two-step pathway. In the first step, amorphous
and dispersed spheroids are formed, whose composition is depleted in calcium compared to
C—S—H and charge compensated with sodium [56]. It is possible that these “frozen” clathrate-
like complexes act as nucleation sites to promote the formation of the spheroids. "H-NMR
magnetic resonance relaxometry revealed four different populations of pore water in cement
paste: C—S—H interlayer water (confined in about 1 nm spaces between the backbone C—S—H
sheets), water confined in gel pores (spaces of a few nanometres between the stacks of the
C—S—H sheets), and interhydrate (8-10 nm) and capillary pore water. At the interface of C-S-H
sheets-water, water molecules dissociate to produce an OH-H" ionic pair and form Si-OH and
Ca-OH. This interface is controlled by protons transfer. In the polymerization of silica, Sumio
Ozeki found that the magnetic field suppressed the formation of pores below 30 nm. Thus, it
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can be inferred that the pore structure in C-S-H might be modified by the magnetic field.
Related experiments on the structure of C-S-H and the possible improvement on the durability
in microscale are in progress.

3. CONCLUSIONS

— The mechanisms based on the Lorentz force for interpreting the magnetic effects on
aqueous solutions are reviewed generally and revealed to be doubtful.

— The interface of gas-liquid was neglected in the DOLLOPs mechanism and the related
experiments cannot support the theory strongly.

— A new mechanism based on the interconversion of nuclear spin isomers of water at the
0:-H>0 interface was proposed and it is possible to use these clathrate-like complexes to
promote the nucleation of C-S-H.

REFERENCES

[1] Kravchuk, T., et al., A Magnetically Focused Molecular Beam of Ortho-Water. Science, 2011.
331(6015): p. 319-321.

[2] Chen, J.Y.C., et al., Nuclear spin isomers of guest molecules in H-2@C-60, H20@C-60 and
other endofullerenes. Philosophical Transactions of the Royal Society a-Mathematical Physical
and Engineering Sciences, 2013. 371(1998).

[3] Coey, J.M.D., Magnetic water treatment — how might it work? Philosophical Magazine, 2012.
92(31): p. 3857-3865.

[4] Yamaguchi, M. and Y. Tanimoto, Magneto-Science Magnetic Field Effects on Materials:
Fundamentals and Applications. 2006.

[5] Afshin, H., M. Gholizadeh, and N. Khorshidi, /mproving Mechanical properties of high strength
concrete by magnetic water technology. Scientia Iranica, 2010. 17(1 A): p. 74-79.

[6] Su, N. and C.-F. Wu, Effect of magnetic field treated water on mortar and concrete containing
fly ash. Cement and Concrete Composites, 2003. 25(7): p. 681-688.

[7] Esfahani, A.R., M. Reisi, and B. Mohr, Magnetized Water Effect on Compressive Strength and
Dosage of Superplasticizers and Water in Self-Compacting Concrete. Journal of Materials in
Civil Engineering, 2018. 30(3): p. 7.

[8] Choi, M.S., et al., Effects of an externally imposed electromagnetic field on the formation of a
lubrication layer in concrete pumping. Construction and Building Materials, 2014. 61: p. 18-23.

[9] Wei, H., Y. Wang, and J. Luo, Influence of magnetic water on early-age shrinkage cracking of
concrete. Construction and Building Materials, 2017. 147: p. 91-100.

[10] Coey, JM.D. and S. Cass, Magnetic water treatment. Journal of Magnetism and Magnetic
Materials, 2000. 209(1-3): p. 71-74.

[11]  Chibowski, E. and A. Szczes, Magnetic water treatment A review of the latest approaches.
Chemosphere, 2018. 203: p. 54-67.

[12] Alabi, A., et al., Advances in anti-scale magnetic water treatment. Environmental Science:
Water Research & Technology, 2015. 1(4): p. 408-425.

[13] Meier, B., et al., Spin-Isomer Conversion of Water at Room Temperature and Quantum-Rotor-
Induced Nuclear Polarization in the Water-Endofullerene H20O@C-60. Physical Review Letters,
2018. 120(26).

[14] Yan, E.-K., et al., An Overview of Hardware for Protein Crystallization in a Magnetic Field.
International journal of molecular sciences, 2016. 17(11): p. 1906.

[15] Simon, M.D. and A.K. Geim, Diamagnetic levitation: Flying frogs and floating magnets
(invited). Journal of Applied Physics, 2000. 87(9): p. 6200-6204.

718



4th International RILEM conference on Microstructure Related Durability of Cementitious Composites (Microdurability2020)

[16]
[17]

[18]

[19]

Tolbert, S.H., et al., Magnetic field alignment of ordered silicate-surfactant composites and
mesoporous silica. Science, 1997. 278(5336): p. 264-268.

Ozeki, S., et al., Water-Solid Interactions under Steady Magnetic Fields: Magnetic-Field-
Induced Adsorption and Desorption of Water. J. Phys. Chem., 1996. 100(10): p. 4205-4212.
Higashitani, K., K. Okuhara, and S. Hatade, Effects of magnetic fields on stability of
nonmagnetic ultrafine colloidal particles. Journal of Colloid And Interface Science, 1992.
152(1): p. 125-131.

Chibowski, E. and L. Holysz, Changes in zeta potential of TiO2 and CaCO3 suspensions treated
with a radiofrequency electric field as measured with a Zeta Plus instrument. Colloids and
Surfaces a-Physicochemical and Engineering Aspects, 1995. 105(2-3): p. 211-220.

Otsuka, I. and S. Ozeki, Does Magnetic Treatment of Water Change Its Properties? The Journal
of Physical Chemistry B, 2006. 110(4): p. 1509-1512.

Sammer, M., et al., Strong Gradients in Weak Magnetic Fields Induce DOLLOP Formation in
Tap Water. Water, 2016. 8(3): p. 79.

Manzano, H., et al., Confined water dissociation in microporous defective silicates: mechanism,
dipole distribution, and impact on substrate properties. ] Am Chem Soc, 2012. 134(4): p. 2208-
15.

Zaidi, N.S., et al., Magnetic Field Application and its Potential in Water and Wastewater
Treatment Systems. Separation and Purification Reviews, 2014. 43(3): p. 206-240.

Madsen, H.E.L., Theory of electrolyte crystallization in magnetic field. Journal of Crystal
Growth, 2007. 305(1): p. 271-277.

Madsen, H.E.L., Influence of magnetic-field on the precipitation of some inorganic salts. Journal
of Crystal Growth, 1995. 152(1-2): p. 94-100.

Higashitani, K., et al., Effects of a magnetic field on the formation of CaCO3 particles. Journal
of Colloid And Interface Science, 1993. 156(1): p. 90-95.

Higashitani, K., et al., Magnetic Effects on Zeta Potential and Diffusivity of Nonmagnetic
Colloidal Particles. Journal of Colloid And Interface Science, 1995. 172(2): p. 383-388.
Higashitani, K., J. Oshitani, and N. Ohmura, Effects of magnetic field on water investigated with
fluorescent probes. Colloids and Surfaces a-Physicochemical and Engineering Aspects, 1996.
109: p. 167-173.

Higashitani, K. and J. Oshitani, Measurements of magnetic effects on electrolyte solutions by
atomic force microscope. Process Safety and Environmental Protection, 1997. 75(2): p. 115-119.
Higashitani, K. and J. Oshitani, Magnetic effects on thickness of adsorbed layer in aqueous
solutions evaluated directly by atomic force microscope. Journal of Colloid and Interface
Science, 1998. 204(2): p. 363-368.

Colic, M. and D. Morse, The elusive mechanism of the magnetic ‘memory’ of water. Colloids
and Surfaces A: Physicochemical and Engineering Aspects, 1999. 154(1): p. 167-174.

Baker, J.S. and S.J. Judd, Magnetic amelioration of scale formation. Water Research, 1996.
30(2): p. 247-260.

Madsen, H.E.L., Crystallization of calcium carbonate in magnetic field in ordinary and heavy
water. Journal of Crystal Growth, 2004. 267(1-2): p. 251-255.

Colic, M. and D. Morse, Mechanism of the long-term effects of electromagnetic radiation on
solutions and suspended colloids. Langmuir, 1998. 14(4): p. 783-787.

Colic, M. and D. Morse, Effects of amplitude of the radiofrequency electromagnetic radiation
on aqueous suspensions and solutions. Journal of Colloid and Interface Science, 1998. 200(2):
p- 265-272.

Colic, M. and D. Morse, Influence of resonant rf radiation on gas/liquid interface: Can it be a
quantum vacuum radiation? Physical Review Letters, 1998. 80(11): p. 2465-2468.

719



4th International RILEM conference on Microstructure Related Durability of Cementitious Composites (Microdurability2020)

[37]

[38]
[39]

[40]

Miao, X., et al., Determining the Humidity-Dependent Ortho-to-Para Ratio of Water Vapor at
Room Temperature Using Terahertz Spectroscopy. Applied Spectroscopy, 2018. 72(7): p. 1040-
1046.

Pershin, S.M., et al., Water enrichment by H2O ortho-isomer: Four-photon and NMR
spectroscopy. Laser Physics, 2009. 19(3): p. 410-413.

Pershin, S.M., Effect of quantum differences of ortho and para H2O spin-isomers on water
properties: Biophysical aspect. Biophysics, 2013. 58(5): p. 723-730.

Pershin, S., Ortho-para spin conversion of H2O in aqueous solutions as a quantum factor of the
Konovalov paradox. Biophysics, 2015. 59: p. 986-994.

Bunkin, A.F., S.M. Pershin, and L.N. Rashkovich, Changes in the Raman spectrum of OH
stretching vibrations of water in an ultrasonic cavitation field. Optics and Spectroscopy, 2004.
96(4): p. 512-514.

Pershin, S.M. and A.F. Bunkin, Temperature evolution of the relative concentration of the H2O
ortho/para spin isomers in water studied by four-photon laser spectroscopy. Laser Physics, 2009.
19(7): p. 1410-1414.

Turro, N.J., et al., The Spin Chemistry and Magnetic Resonance of H2@C60. From the Pauli
Principle to Trapping a Long Lived Nuclear Excited Spin State inside a Buckyball. Accounts of
Chemical Research, 2010. 43(2): p. 335-345.

Li, Y.J., et al., A Magnetic Switch for Spin-Catalyzed Interconversion of Nuclear Spin Isomers.
Journal of the American Chemical Society, 2010. 132(12): p. 4042-+.

Valiev, R.R. and B.F. Minaev, Influence of Molecular Oxygen on Ortho-Para Conversion of
Water Molecules. Russian Physics Journal, 2017. 60(3): p. 485-493.

Petzinger, K.G. and D.J. Scalapino, Para- to Ortho-Hydrogen Conversion on Magnetic Surfaces.
Physical Review B, 1973. 8(1): p. 266-279.

llisca, E., theoretical calculation of a new effect in ortho-para h2 conversion on magnetic
surfaces. Physical Review Letters, 1970. 24(15): p. 797-&.

Misono, M. and P.W. Selwood, Extrinsic field acceleration of the magnetic parahydrogen
conversion. Journal of the American Chemical Society, 1968. 90(11): p. 2977-2978.

Selwood, P.W., The Effect of a Magnetic Field on the Catalyzed Nondissociative Para hydrogen
Conversion Rate, in Advances in Catalysis. 1979. p. 23-57.

Ilisca, E. and S. Paris, Magnetic field acceleration of the ortho-para H, conversion on transition
oxides. Physical Review Letters, 1999. 82(8): p. 1788-1791.

Bahloul, K., et al., Magnetic field effect in CH3F nuclear spin conversion. Chemical Physics
Letters, 1997. 279(1-2): p. 29-34.

Temesgen, T., et al., Micro and nanobubble technologies as a new horizon for water-treatment
techniques: A review. Advances in Colloid and Interface Science, 2017. 246: p. 40-51.
Srebrenik, S., S. Nadiv , and LJ. Lin, Magnetic Treatment of Water&#8211;A Theoretical
Quantum Model. Magnetic and Electrical Separation, 1993. 5(2): p. 71-91.

Ozeki, S., C. Wakai, and S. Ono, Is a magnetic effect on water adsorption possible? The Journal
of Physical Chemistry, 1991. 95(26): p. 10557-10559.

Ozeki, S. and 1. Otsuka, Transient Oxygen Clathrate-like Hydrate and Water Networks Induced
by Magnetic Fields. J. Phys. Chem. B,, 2006. 110(100): p. 20067-20072.

Krautwurst, N., et al., Two-Step Nucleation Process of Calcium Silicate Hydrate, the Nanobrick
of Cement. Chemistry of Materials, 2018. 30(9): p. 2895-2904.

720





