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Abstract
Background: Recognising effects of static magnetic field (SMF) of varying flux density on flora and fauna 
is attempted. For this purpose, the influence of static magnetic field upon molecules of lower alkanols 
i.e. methanol, ethanol, propan-1-ol, propan-2-ol, butan-1-ol, S-butan-2-ol, isobutanol and tert-butanol 
is studied.
Methods: Computations of the effect of real SMF 0.0, 0.1, 1, 10 and 100 AFU (Arbitrary Field Unit; 
here 1AFU > 1000 T) flux density were performed in silico (computer vacuum), involving advanced 
computational methods.
Results: SMF polarises molecules depending on applied flux density, but it neither ionises nor breaks va-
lence bonds. Some irregularities in the changes of positive and negative charge densities and bond lengths 
provide evidence that molecules slightly change their initially fixed positions with respect to the force lines 
of the magnetic field. Length of some bonds and bond angles change with an increase in the applied flux 
density, providing, in some cases, polar interactions between atoms through space.
Conclusions: Since SMF produced and increase in the negative charge density at the oxygen atom of the 
hydroxyl group and elongated the –O-H bond length, these results show that SMF facilitates metabolism 
of the alkanols.
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Introduction

Modern technologies and technical solutions in several areas of our everyday life result in 
considerable environmental pollution with magnetic fields (Hamza et al. 2002; Rankovic 
and Radulovic 2009; Committee to Assess the Current Status and Future Direction of 
High Magnetic Field Science in the United States 2013; Bao and Guo 2021; Tang et al. 
2021). Recent studies showed an eminent effect of the static magnetic field (SMF) upon 
various micro-organisms, also on the colonising organisms of flora and fauna (Jaworska 
et al. 2014; Jaworska et al. 2016; Jaworska et al. 2017; Beretta et al. 2019). Numerous 
studies of the origin and mechanisms of observed effects pointed to a generation of free 
radicals which could interact with biological systems (Steiner and Ulrich 1989; Kohno et 
al. 2000; Woodward 2002; Buchachenko 2009; Buchachenko et al. 2012; Buchachenko 
2014). The role of metal ions was also taken under consideration (Andreini et al. 2008; 
Rittie and Perbal 2008; Buchachenko 2016; Letuta and Berdinskiy 2017). It was found 
that SMF polarised molecules depending on the applied flux density, but causes neither 
ionisation nor breaking valence bonds of those molecules (Ciesielski et al. 2021).

Our former preliminary studies on the effect of SMF-treated water upon en-
tomopathogenic organisms (Jaworska et al. 2017) and on functional properties of se-
lected cosmetics (Zamiatała et al. 2013) suggest a necessity of an insight into the role of 
SMF in a modification of the molecular structure of simple molecules and interaction 
taking place in their combinations. For that purpose, numerical simulations of the 
real effect SMF of 0.0, 0.1, 1, 10 and 100 T were performed in a computer vacuum 
for single and grouped-in-three molecules of oxygen, nitrogen, water, carbon dioxide, 
ammonia and methane. Additionally, in this paper, T (Tesla) values were employed as 
commonly accepted units of the SMF flux density. However, since the response of the 
applied computational programme to the magnitudes of applied flux density remained 
unknown, the flux densities were expressed in terms of Arbitrary Field Units (AFU).

Organisms belonging to flora and fauna contain, amongst others, compounds 
bearing the hydroxyl groups bound to the sp3 carbon atoms. They are alcohols. These 
in the flora organisms spread into sugar alcohols (Lewis and Smith 1967), fatty alco-
hols (Rowland and Domerque 2012) and steroid alcohols (Dinan et al. 2001). Similar 
types of alcohols reside in the fauna including human organisms.

Under normal conditions in the human organism, up to 0.15 ppm of so-called 
physiological ethanol is formed mainly through fatty acid synthesis, glycerolipid me-
tabolism and bile acid biosynthesis pathways (Woronowicz 2003; Wade 2021).

In this paper, the effect of SMF of flux density from 0 to 100 AFU is recognised 
upon simple primary, secondary and tertiary C1 to C4 alkanols as the model compounds 
for the alcohols of more complex structure residing in the flora and fauna organisms. 
For this purpose, advanced numerical simulations of the effect were employed.
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Numerical computations

Molecular structures were drawn using the Fujitsu SCIGRESS 2.0 software (Froimow-
itz 1993; Marchand et al. 2014,). Their principal symmetry axes were orientated along 
the x-axis of the Cartesian system. Molecules of alcohols were situated inside of a 
three-axial elypsoid. The longest axis of that elypsoid was accepted as the x-axis and the 
shortest quasi-perpendicular axis considered as the z-axis. The magnetic field was fixed 
in the same direction, along the x-axis with the south pole from the left side. Thus, the 
methanol molecule was so orientated along its C-O bond and the remaining alcohols 
along their longest carbon chain. The magnetic field was fixed in the same direction 
with the south pole from the left side. Subsequently, involving Gaussian 0.9 software 
equipped with the 6-31G** basis (Frisch et al. 2016), the molecules were optimised 
and all values of bond length, dipole moment, heath of formation, bond energy and 
total energy for systems were computed.

In the consecutive steps, the influences of the static magnetic field (SMF) upon opti-
mised molecules were computed with Amsterdam Modelling Suite software (Farberovich 

Figure 1. Alkanols under consideration and applied numbering of atoms in particular molecules.
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and Mazalova 2016; Charistos and Muñoz-Castro 2019) and the NR_LDOTB (non-
relativistically orbital momentum L-dot-B) method (Glendening et al. 1987; Carpenter 
and Weinhold 1988). Following that step, values of bond length, dipole moment, heath 
of formation equal to the energy of dissociation and charges at the atoms were calculated 
using Gaussian 0.9 software equipped with the 6-31G** basis (Marchand et al. 2014).

Results

Numerical simulations were performed for alkanols presented in Fig. 1.
Table 1 presents values of heat of formation and dipole moments for those alkanols 

placed in the SMF of flux density ranging from 0 (control sample) to 100 AFU.
Subsequent Tables contain computed values of charge density at particular atoms 

and bond lengths between atoms in methanol (Tables 2, 3), in ethanol (Tables 4, 5), 
in propan-1-ol (Tables 6, 7).

Table 1. Effect of SMF of increasing flux density upon heat of formation and dipole moment of alcohols.

Alcohol Heat of formation [kJ·mol-1]
at SMF flux density [AFU]

Dipole moment [D]
at SMF flux density [AFU]

0 0.1 1.0 10 100a 0 0.1 1.0 10 100a

Methanol -201.8 -195.3 -158.2 -114.2 -103.5 (49%) 1.94 2.03 2.15 2.36 3.01 (55%)
Ethanol -238.8 -230.5 -219.8 -203.5 -151.1 (37%) 1.81 1.83 1.90 2.11 2.68 (42%)
Propan-1-ol -251.7 -248.6 -231.2 -205.6 -171.6 (32%) 1.87 1.89 1.99 2.18 2.38 (27%)
Propan-2-ol -271.5 -270.6 -263.8 -249.2 -199.3 (27%) 1.92 1.95 1.99 2.08 2.22 (16%)
Butan-1-ol -276.1 -271.1 -253.6 -214.3 -161.1 (42%) 1.79 1.83 1.99 2.07 2.25 (26%)
S-Butan-2-ol -302.8 -298.5 -278.2 -264.5 -211.6 (30%) 2.10 2.13 2.26 2.48 2.79 (33%)
iso-butanol -285.1 -283.3 -279.2 -263.4 -183.3 (36%) 1.98 2.03 2.09 2.18 2.32 (17%)
tert-Butanol -312.7 -310.2 -281.6 -231.6 -184.7 (41%) 1.91 1.93 2.08 2.16 2.37 (25%)

aThe final increase (in %) in the reported value at applied SMF of 100 AFU is given in parentheses.

Table 2. Distribution of the charge density [a.u.] at particular atoms of the methanol molecule depend-
ing on the applied SMF flux density [AFU].

Atom Charge density [a.u.] at SMF flux density [AFU] 
Tendencyb 0 0.1 1.0 10 100

C1 V -0.127 -0.105 -0.162 -0.137 -0.077
O2 RH -0.739 -0.737 -0.688 -0.671 -0.610
H(3–5) V 0.156 0.146 0.161 0.151 0.120
H6 V 0.398 0.404 0.367 0.355 0.326

aData taken for drawing the average value for two or more either atoms or bonds are given in bold. bAbbreviations: 
RH – regularly increasing, RL - regularly decreasing, IH - irregularly increasing, IL - irregularly decreasing, V - lack of 
any regular tendency.

Table 3. Bond lengths [Ǻ] in the methanol molecule depending on the applied SMF flux density [AFU].

Bond Bond length [Ǻ] at applied SMF flux density [AFU]
Tendency 0 0.1 1.0 10 100

C1-O2 IL 1.430 1.393 1.365 1.353 1.354
C1-H(3–5) RH 1.090 1.167 1.178 1.213 1.328
O2-H6 IH 0.960 1.055 1.033 1.073 1.137

aSee Table 2 for notation.
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Table 4. Distribution of the charge density [a.u.] at particular atoms of the ethanol molecule depending 
on the applied SMF flux density [AFU].

Atom Charge density [a.u.] at SMF flux density [AFU] 
Tendency 0 0.1 1.0 10 100

C1 H -0.079 -0.062 -0.024 0.053 0.196
C2 V -0.662 -0.570 -0.548 -0.587 -0.550
O3 L -0.684 -0.692 -0.702 -0.725 -0.753
H(4–5) L 0.181 0.176 0.158 0.120 0.051
H(6–8) IL 0.210 0.197 0.190 0.187 0.190
H9 H 0.374 0.381 0.390 0.407 0.434

aSee Table 2 for notation.

Table 5. Bond lengths [Ǻ] in the molecule of ethanol depending on the applied SMF flux density [AFU].

Bond Bond length [Ǻ] at applied SMF flux density [AFU]
Tendency 0 0.1 1.0 10 100

C1-C2 IL 1.540 1.520 1.500 1.495 1.528
C1-O3 L 1.430 1.418 1.394 1.389 1.252
C1-H(4–5) H 1.090 1.098 1.142 1.222 1.352
C2-H(6–8) IH 1.090 1.143 1.171 1.178 1.155
O3-H9 H 0.960 0.963 0.986 1.021 1.130

aSee Table 2 for notation.

Table 6. Distribution of the charge density [a.u.] at particular atoms of the propan-1-ol molecule de-
pending on the applied SMF flux density [AFU].

Atom Charge density [a.u.] at SMF flux density [AFU] 
Tendency 0 0.1 1.0 10 100

C1 IH -0.047 -0.091 -0.015 0.155 0.129
C2 IL -0.449 -0.441 -0.441 -0.411 -0.467
C3 IH -0.594 -0.573 -0.567 -0.597 -0.483
O4 L -0.687 -0.696 -0705 -0.733 -0.785
H(5–6) IL 0.178 0.176 0.172 0.088 0.169
H(7–8) IL 0.223 0.215 0213 0.193 0.201
H(9–11) L 0.201 0.192 0.191 0.183 0.159
H12 H 0.373 0.378 0.386 0.415 0.438

aSee Table 2 for notation.

Table 7. Bond lengths [Ǻ] in the molecule of propan-1-ol depending on the applied SMF flux density [AFU].

Bond Bond length [Ǻ] at applied SMF flux density [AFU]
Tendency 0 0.1 1.0 10 100

C1-C2 IL 1.540 1.521 1.508 1.517 1.526
C2-C3 L 1.540 1.529 1.518 1.445 1.375
C3-O4 L 1.430 1.418 1.407 1.318 1.290
C1-H(5–6) H 1.075 1.088 1.093 1.299 1.161
C2-H(7–8) IH 1.090 1.125 1.128 1.252 1.186
C3-H(9–11) H 1.090 1.127 1.140 1.216 1.286
O4-H12 H 0.960 0.962 0.968 1.061 1.102

aSee Table 2 for notation.
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In propan-2-ol (Tables 8,  9), in butan-1-ol (Tables 10, 11), in S-butan-2-ol (Tables 12, 
13), in iso-butanol (Tables 14, 15) and in tert-butanol (Table 16, 17)

The visualisation of the shapes of those molecules at varying SMF flux density are 
presented in Figs 2–9.

Table 8. Distribution of the charge density [a.u.] at particular atoms of the propan-2-ol molecule de-
pending on the applied SMF flux density [AFU].

Atom Charge density [a.u.] at SMF flux density [AFU] 
Tendency 0 0.1 1.0 10 100

C1 H 0.064 0.077 0.093 0.097 0.136
C(2–3) IH -0.584 -0.542 -0.526 -0.537 -0.508
O4 IH -0.683 -0.686 -0.675 -0.672 -0.523
H5 V 0.191 0.177 0.170 0.182 0.174
H(6–8) L 0.208 0.190 0.190 0.175 0.171
H(9–11) V 0.199 0.188 0.178 0.201 0.191
H(6–8)&H(9–11) IL 0.203 0.189 0.184 0.188 0.181
H12 IL 0.373 0.381 0.365 0.358 0.192

aSee Table 2 for notation.

Table 9. Bond lengths [Ǻ] in the molecule of propan-2-ol depending on the applied SMF flux density [AFU].

Bond Bond length [Ǻ] at applied SMF flux density [AFU]
Tendency 0 0.1 1.0 10 100

C1-C(2–3) V 1.540 1.577 1.514 1.518 1.391
C1-O4 L 1.430 1.414 1.379 1.353 1.325
C1-H5 IH 1.090 1.142 1.164 1.152 1.189
C2-H(6–8) H 1.090 1.172 1.186 1.194 1.280
C3-H(9–11) IH 1.090 1.139 1.171 1.188 1.142
C2-H(6–8)&C3-H(9–11) H 1.090 1.155 1.179 1.191 1.211
O4-H12 IH 0.960 0.925 1.045 1.084 1.610

aSee Table 2 for notation.

Table 10. Distribution of the charge density [a.u.] at particular atoms of the butan-1-ol molecule de-
pending on the applied SMF flux density [AFU].

Atom Charge density [a.u.] at SMF flux density [AFU] 
Tendency 0 0.1 1.0 10 100

C1 H -0.050 -0.007 0.077 0.143 0.200
C2 V -0.425 -0.399 -0.404 -0.390 -0.405
C3 V -0.408 -0.396 -0.416 -0.393 -0.317
C4 V -0.574 -0.500 -0.532 -0.506 -0.521
O5 L -0.688 -0.699 -0.728 -0.766 -0.705
H(6–7) L 0.178 0.161 0.125 0.109 0.103
H(8–9) 0.221 0.205 0.204 0.191 0.175
H(10–11) IL 0.204 0.183 0.191 0.172 0.124
H(12–14) V 0.199 0.173 0.187 0.180 0.187
H15 IL 0.372 0.382 0.404 0.427 0.386

aSee Table 2 for notation.
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Table 11. Bond lengths [Ǻ] in the molecule of butan-1-ol depending on the applied SMF flux density [AFU].

Bond Bond length [Ǻ] at applied SMF flux density [AFU]
Tendency 0 0.1 1.0 10 100

C1-C2 V 1.540 1.516 1.512 1.536 1.576
C2-C3 L 1.540 1.529 1.504 1.448 1.378
C3-C4 IL 1.540 1510 1.489 1.486 1.491
C1-O5 L 1.430 1.405 1.344 1.291 1.256
C1-H(6–7) H 1.090 1.129 1.206 1.234 1.267
C2-H(8–9) H 1.090 1.155 1.158 1.219 1.297
C3-H(10–11) IH 1.090 1.178 1.168 1.205 1.372
C4-H(12–14) V 1.090 1.215 1.155 1.177 1.153
O5-H15 H 0.950 0.983 1.022 1.089 1.486

aSee Table 2 for notation.

Table 12. Distribution of the charge density [a.u.] at particular atoms of the S-butan-2-ol molecule 
depending on the applied SMF flux density [AFU].

Atom Charge density [a.u.] at SMF flux density [AFU] 
Tendencya 0 0.1 1.0 10 100

C1 V -0.575 -0.503 -0.513 -0.517 -0.553
C2 IL 0.086 0.087 0.067 0009 -0.176
C3 V -0.435 -0.397 -0.428 -0.477 -0.313
C4 V -0.601 -0.525 -0.545 -0.521 -0.538
O5 RH -0.689 -0.673 -0.665 -0.627 -0.589
H(6–8) V 0.207 0.183 0.188 0.186 0.217
H9 V 0.189 0.174 0.188 0.245 0.288
H10 V 0.203 0.183 0.202 0.198 -0.045
H11 V 0.223 0.202 0.212 0.211 0.285
H(12–14) V 0.198 0.190 0.179 0.189 0.207
H15 IL 0.383 0.383 0.379 0.355 0.366

aSee Table 2 for notation.

Table 13. Bond lengths [Ǻ] in the molecule of S-butan-2-ol depending on the applied SMF flux 
density [AFU].

Bond Bond length [Ǻ] at applied SMF flux density [AFU]
Tendencya 0 0.1 1.0 10 100

C1-C2 IL 1.540 1.521 1.505 1.466 1.494
C2-C3 V 1.540 1.555 1.583 1.569 1.382
C3-C4 V 1.540 1.501 1.478 1.502 1.459
C1-H(6–8) IH 1.090 1.200 1.171 1.186 1.307
C2-O5 RH 1.430 1.435 1.443 1.522 2.105
C2-H9 V 1.090 1.151 1.134 1.188 1.150
C3-H10 V 1.090 1.188 1.141 1.211 1.861
C3-H11 V 1.090 1.185 1.145 1.193 1.177
C3-H(12–14) IL 1.090 1.200 1.190  1.177  1.157
O5-H15 IH 0.960 0.968 0.990 1.081 0.933

aSee Table 2 for notation.
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Table 14. Distribution of the charge density [a.u.] at particular atoms of the iso-butanol molecule de-
pending on the applied SMF flux density [AFU].

Atom Charge density [a.u.] at SMF flux density [AFU] 
Tendency 0 0.1 1.0 10 100

C1 IH -0.020 0.064 0.083 0.127 0.069
C2 V -0.345 -0.391 -0.385 -0.374 -0.515
C(3–4) IH -0.550 -0.504 -0.513 -0.418 -0.251
O5 RL -0.688 -0.700 -0.719 -0.738 -0.756
H(6–7) V 0.178 0.132 0.133 0.140 0.203
H8 V 0.230 0.220 0.221 0.211 0.305
H(9–11) RL 0.202 0.197 0.190 0.172 0.089
H(12–14) RL 0.198 0.181 0.181 0.147 0.099
H(9–11)&H(12–14) RL 0.200 0.189 0.185 0.159 0.094
H15 RH 0.375 0.392 0.397 0.405 0.428

aSee Table 2 for notation.

Table 15. Bond lengths [Ǻ] in the molecule of iso-butanol depending on the applied SMF flux density [AFU].

Bond Bond length [Ǻ] at applied SMF flux density [AFU]
Tendency 0 0.1 1.0 10 100

C1-C2 V 1.540 1.518 1.512 1.538 1.551
C2-C3 V 1.540 1.536 1.534 1.494 1.440
C3-C4 V 1.540 1.532 1.515 1.471 1.500
C1-O5 RL 1.430 1.406 1.366 1.294 1.081
C1-H(6–7) IL 1.090 1.215 1.193 1.186 1.103
C2-H8 V 1.090 1.155 1.148 1.228 1.171
C3-H(9–11) IH 1.090 1.176 1.163 1.227 1.857
C4-H(12–14) IH 1.090 1.172 1.170 1.332 2.051
C3-H(9–11)&C4-H(12–14) IH 1.090 1.174 1.167 1.279 1.954
O5-H15 V 0.960 0.955 1.018 1.131 1.104

aSee Table 2 for notation.

Table 16. Distribution of the charge density [a.u.] at particular atoms of the tert-butanol molecule de-
pending on the applied SMF flux density [AFU].

Atom Charge density [a.u.] at SMF flux density [AFU] 
Tendency 0 0.1 1.0 10 100

C1 V 0.162 0.169 0.172 0.177 0.092
C(2–4) IH -0.551 -0.502 -0.516 -0.474 -0.373
O5 V -0.684 -0.683 -0.694 -0.696 -0.689
H(6–14) IL 0.200 0.183 0.189 0.174 0.100
H15 H 0.371 0.370 0.375 0.376 0.387

aSee Table 2 for notation.

Discussion

SMF turned negative values of heat of formation of alcohols less negative. It meant 
that SMF destabilised these molecules. That effect was accompanied with an increase in 
dipole moment (Table 1). The length of the carbon chain appeared to be crucial for the 
magnitude of those effects. Performed numerical simulations revealed that alcohols dis-
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Table 17. Bond lengths [Ǻ] in the molecule of tert-butanol depending on the applied SMF flux density [AFU].

Bond Bond length [Ǻ] at applied SMF flux density [AFU]
Tendency 0 0.1 1.0 10 100

C-C RL 1.540 1.533 1.530 1.524 1.504
C-H IH 1.090 1.166 1.163 1.229 1.542
C1-O5 IL 1.430 1.421 1.411 1.386 1.397
O5-H15 IH 0.960 0.984 0.969 1.006 1.013

aSee Table 2 for notation.
Methanol Ethanol Propan-1-ol
Propan-2-ol Butan-1-ol S-(+)-Butan-2-ol
iso-Butanol tert-Butanol

Figure 2. Visualisation of the conformational changes of the methanol molecule structure produced by 
SMF of increasing flux density.

tinguished from one another in their expressed heat of formation and dipole moment 
sensitivity to increased SMF flux density. It is shown by corresponding orders of those 
parameters arranged, based on the effect observed at SMF flux density at 100 AFU.

Order of sensitivity of heat of formation:

Methanol > Butan-1-ol > tert-Butanol > Ethanol > iso-Butanol > Propan-
1-ol > S-Butan-2-ol > Propan-2-ol

Order of sensitivity of dipole moment:

Methanol > Ethanol > S-Butan-2-ol > Propan-1-ol > Butan-1-ol > tert-
Butanol > iso-Butanol > Propan-2-ol
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Figure 4. Visualisation of the conformational changes of the propan-1-ol molecule structure produced 
by SMF of increasing flux density.

Figure 3. Visualisation of the conformational changes of the ethanol molecule structure produced by 
SMF of increasing flux density.
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Figure 5. Visualisation of the conformational changes of the propan-2-ol molecule structure produced 
by SMF of increasing flux density.

Figure 6. Visualisation of the conformational changes of the butan-1-ol molecule structure produced by 
SMF of increasing flux density.
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For instance, at 100 AFU, the heat of formation and dipole moment rose by ap-
proximately 49% and 55%, respectively. Under the same accepted conditions, these 
parameters for butan-1-ol rose by approximately 42% and 26%, respectively. Results of 
the simulations showed that the sensitivity of the alcohols to the applied SMF changed 
irregularly against the length of the carbon chain (Table 1). Such behaviour pointed 
to an involvement of complex factors. It is likely that they included changes in the 
conformation of the carbon chains, bond lengths and bond angles leading to repulsion 
of some fragments of the structure of those molecules away from the direction of the 
applied SMF. Such behaviour could evoke variable electrostatic and polar interactions 
through space, between particular atoms of the molecules.

These postulates were then recognised separately for particular alcohols under con-
sideration (Fig. 1).

In the methanol molecule, because of the polarisation of the C-H bonds, the C1 
atom took the negative charge. Its density changed irregularly with an increase in the 

Figure 7. Visualisation of the conformational changes of the structure of S-butan-2-ol molecule pro-
duced by SMF of increasing flux density.
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SMF flux density. Initially, at 0.1 AFU, it decreased possibly due to polarisation of the 
C-O bond caused by the electron accepting properties of the O2 atom. The highest 
negative charge density at the C1 atom was noted at 1.0 AFU and substantially de-
clined regularly up to 100 AFU (Table 2). Since the negative charge density at the O2 
atom fairly regularly declined with an increase in AFU, the observed regularity should 
result from the C1-H interactions. Due to free rotation around the C1-O2 bond all 
three hydrogen atoms (H3, H4 and H5) of the methyl group are, in fact, equivalent 
to one another. However, the rules accepted in situating that molecule in the magnetic 
field cancelled that equivalence. Therefore, in Table 2, computed values of the charge 
density of those atoms were not identical. In order to omit that in consequence, the 
average of those three parameters was discussed. The average positive charge density 

Figure 8. Visualisation of the conformational changes of the structure of iso-butanol molecule produced 
by SMF of increasing flux density.
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at the H3-H5 atoms and at the H6 atom irregularly decreased with an increase in the 
SMF flux density. These changes could originate from pushing particular hydrogen 
atoms out of the magnetic field. In Table 3, the bond lengths between particular atoms 
revealed a general tendency of the shortening the C1-O2 bond with an increase in 
applied SMF. This behaviour was observed in spite of simultaneous declining of the 
negative charge at those atoms. The length of the remaining bonds increased although 
slight irregularities in the case of the C1-(H3-H5) and O2-H6 bonds, in both cases 
taking place at 1 AFU were noted. The visualisation of the shapes of the molecule at 
varying SMF flux density (Fig. 2) confirmed that the irregularities could result from 
slight mobility of the molecule placed in the magnetic field and subtle changes of the 
bond angles.

In the ethanol molecule without SMF, both the C1 and C2 atoms were negatively 
charged (Table 4). As the applied SMF flux density increased, the charge density at 
both atoms declined. That at the C1 atom reached positive charge already at 10 AFU. 
It could rationalise the increase in the negative charge density at the O3 atom. Under 
SMF, the latter atom polarised not only the C1-O3, but also the O3-H9 bond. In 
consequence, the positive charge density at the H9 atom rose with an increase in the 
flux density. As the result of the decrease in the electronegativity of the C1 atom, the 
positive charge density at the H4 and H5 atoms declined. Declining with increasing 
flux density electronegativity of the C2 atom resulted in a gradual decrease of the posi-
tive charge density at the H6, H7 and H8 atoms. The latter irregularity was reflected 
by irregular changes in the C2-H6 bond (Table 5). Under the influence of SMF, the 
length of the C1-C2 and C1-O3 bonds declined with an increase in the applied flux 

Figure 9. Visualisation of the conformational changes of the structure of the tert-butanol molecule pro-
duced by SMF of increasing flux density.
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density. Simultaneously, the length of all C-H bonds and the O3-H9 bond increased 
with the flux density applied.

The visualisation of the ethanol molecule placed in SMF with increased flux den-
sity (Fig. 3) demonstrated the slight conformational changes in the initial position of 
the molecule out of the field. The essential change of the position of the H9 atom cor-
responded to observed irregularity in the C1-C2 bond length at 100 AFU.

In the charge density distribution in the propan-1-ol molecule SMF of increasing 
flux density generated many more irregularities. They were caused mainly by SMF of 
100 AFU although some irregularities were noted also in the charge density at the C1 
atom at 0.1 AFU, at the C3 atom at 10 AFU and the H(5–6) atom at 10 AFU (Ta-
ble 6). All three carbon atoms in this alcohol were negatively charged. In the SMF of 
increasing flux density, the negative charge density at all carbon atoms declined. The C2 
and C3 carbon atoms retained that charge also at 100 AFU, but the C1 atom turned 
into positively charged already at 10 AFU. Since with an increase in the flux density, 
the O4 atom turned more electron attracting, this phenomenon could be rationalised 
in a similar manner as presented for ethanol. The positive charge density at the H12 
atom regularly rose, likely as the consequence of increasing electronegativity of the O4 
atom. In contrast to that, the positive charge density declined with an increase in the 
flux density at the H(5–6), H(7–8) and H(9–11) atoms at the flux density up to 100 
AFU. In the two first cases, it declined solely up to 10 AFU and at 100 AFU it rose. In 
the case of the H(9–11) atoms, a possibility of their polar interaction with the O4 atom 
could eventually be taken into account, but visualisation of the shape of that molecule 
in the SMF (Fig. 4) did not support that assumption. The length of all C-C bonds, 
although irregularly in the case of the C1-C2 bond, decreased with an increase in the 
applied flux density (Table 7). The C3-O4 bond also shortened. All the C1-H(5–6) 
and C2-H(7–8) bonds regularly expanded up to 10 AFU in order to compress at 100 
AFU. The C3-H(9–11) and the O4-H12 were regularly elongated up to 100 AFU.

The visualisation presented in Fig. 4 confirmed that observed effects originated 
from small movements of the molecule at increasing SMF intensity and associated 
changes in bond angles.

The carbon chain in the molecule of propan-2-ol was more capable of various 
conformational transformations involving the methyl groups. On the other hand, in-
tervention of the intramolecular polar interactions was unlikely. It resulted in irregular 
responses of the charge density (Table 8) and bond lengths (Table 9) to the application 
of SMF and its increasing flux density. The C1 carbon atom holding the hydroxyl and 
two methyl groups was positively charged and the charge density regularly increased 
with an increase in the flux density. The C2 and C3 carbon atoms of both side methyl 
groups were negatively charged and these charges, even without SMF, were not identi-
cal. As the flux density rose, the charge density at both these atoms declined although 
it proceeded irregularly. This trend was accompanied by a fairly regular decrease of 
the negative charge density at the O4 atom. The positive charge density at the H5 
– H11 atoms generally, although irregularly, decreased with increasing flux density. 
These rather subtle irregularities were observed at 10 AFU. The charge density at the 
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H12 atom declined regularly against the increasing flux density. The C1-C(2–3) bond 
length at 0.1 AFU increased in order to decrease up 100 AFU and, at the same time, 
the length of the C1-O4 bond decreased regularly. All the C-H bonds [C2-H(6–8) & 
C3-H(9–11) av.] and O-4-H12 bonds increased their lengths with increasing flux den-
sity although the latter bond did it irregularly at 0.1 AFU. Fig. 5 demonstrates the ori-
gin of those irregularities. They were changes in bond angles and subtle re-orientations 
in the original position along the x-axis.

As in case of results of computations for ethanol and propan-1-ol, such computa-
tions for normal carbon chain butan-1-ol delivered the scope of data with very few 
irregularities in the flux density dependent on changes of charge density (Table 10) and 
bond lengths (Table 11).

Out of SMF, the C1-carbon atom holding the hydroxyl group was weakly nega-
tively charged. As the flux density of the applied SMF increased, the charge of that 
atom turned to positive and its value increased regularly with increasing flux density. 
All remaining carbon atoms of the chain were negatively charged and their charge 
density fairly regularly decreased with an increase in the flux density applied. Amongst 
them, the C3 atom was the least electronegative and, at 1.0 AFU, its electronegativity 
jumped considerably. The electronegativity of the O5 atom increased with an increase 
in the flux density up to 10 AFU and regularly decreased up to 100 AFU. The posi-
tive charge density at the H6 – H10 and H14 atoms fairly regularly decreased with 
an increase in the flux density, whereas the charge density at the H11-H13 atoms 
irregularly increased. The positive charge density at the H15 atom belonging to the 
hydroxyl group regularly increased up to 10 AFU and declined regularly up to 100 
AFU. The length of the C1-C2 bond, initially at 0.1, 1 and 10 AFU, decreased and 
then increased regularly up to 100 AFU. The length of C2-C3, C3-C4 and C1-O5 
bonds at that time declined. The bond length of all C-H bonds and the O5-H14 group 
increased with an increase in flux density. That increase became irregular in the case 
of the terminal methyl group (Table 11). The visualisation of the structural changes 
in the butan-1-ol molecule evoked by applied SMF (Fig. 6) points to the same factors 
rationalising the results of computations. Additionally, the polar interactions between 
the hydrogen atoms of the H10 atom, particularly at 100 AFU, seems to be likely.

Butan-2-ol called also sec-butanol exists in two, R and S enantiomers. The S en-
antiomer is more common. The asymmetry centre at the C2 atom did not influence 
the results of computations, thus, data collected in Tables 12, 13 were valid for both 
enantiomers. Due to the asymmetry centre located at the C2 atom, the H10 and H11 
atoms and the C3-H10 and C3-H11 were not equivalent to one another, respectively. 
Therefore, corresponding values were not average. Except for the C2 carbon atom, the 
remaining carbon atoms in that molecule carried a negative charge density although, 
at 100 AFU, the C2 atom also took the negative charge density. Increasing flux density 
decreased that negative charge. Additionally, the negative charge density at the O5 
atom behaved similarly. Except for the H10 atom which carried the negative charge 
density at 100 AFU, all remaining carbon atoms carried the positive charge density. 
Its value varied highly irregularly with increasing flux density (Table 12). These facts 
pointed to a considerable role of conformational changes within that molecule and 
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intramolecular polar interactions. Solely the C2-O5 bond length regularly increased 
with the flux density. The lengths of the other bonds varied irregularly (Table 13).

The visualisation of the structural changes in the S-butan-2-ol molecule evoked by 
applied SMF (Fig. 7) pointed to the same factors rationalising the results of computa-
tions. Additionally, the polar interactions between the hydrogen atoms of the H10 
atom, particularly at 100 AFU, seemed to be likely.

For the same reasons as mentioned in case of propanol-2-ol, computed changes 
in the charge density (Table 14) and bond length in the iso-butanol fairly irregularly 
changed with an increase in the SMF flux density. The residual electronegativity of the 
C1 atom in the molecule out of SMF ceased already at 0.1 AFU. The positive charge at 
that atom rose up to 10 AFU and slightly declined regularly up to 100 AFU. The elec-
tronegativity of the C2 increased with the flux density in contrast to that of the C3 and 
C4 atoms whose electronegativity was reduced. Simultaneously, the electronegativity of 
the O5 atom regularly increased. The flux density of 100 AFU considerably increased 
the positive charge density at the H8 and H15 atoms. The positive charge density at 
the remaining H- atoms, except for the H6 and H7 atoms, declined under the influ-
ence of lower flux densities (Table 14). There were also numerous irregularities in the 
influence of increasing flux density upon the bond lengths. The length of the C1-C2 
bond initially decreased in order to increase again at 10 AFU and the C2-C3, C3-C4 
and C1-O5 bonds were shortened. Simultaneously, all the C-H bonds expanded, some 
of them irregularly against increasing flux density (Table 15). The visualisation of the 
effects of SMF upon the structure of the iso-butanol molecule (Fig. 8) suggested pos-
sible intervention in the structure modification from intramolecular polar interactions 
involving the H10 hydrogen and O5 atoms.

The highly-branched carbon chain of tert-butanol provided three methyl groups. 
Potentially, they could change their orientation in SMF, controlled by the generated 
variable positive charge density located at a particular hydrogen atom at a given flux 
density. That factor could rationalise irregular changes of charge densities at particular 
atoms (Table 16) and bond lengths (Table 17) on increasing flux density. Thus, for 
instance, the positive charge density at the C1 atom rose up regularly to decline at 100 
AFU. The negative charge density at the equivalent C2, C3 and C4 atoms also declined 
with an increase in the flux density. Increasing flux density only slightly influenced the 
negative charge density at the O5 oxygen atom. The positive charge density of the 
carbon bound hydrogen atoms fairly regularly declined against increasing flux density, 
whereas the positive charge density located at the O5 atom bound to the hydrogen 
atom slightly, but regularly increased. These effects contributed to irregular changes of 
the bond lengths presented in Table 17. The observed irregularities could also result 
from perturbations in rotation of the vicinal groups caused by electrostatic repulsion 
of the hydrogen atoms through space. The length of the C-C- and C1-O5 bonds de-
creased with an increase in the flux density, whereas, simultaneously, the length of the 
C-H and O5-H15 bonds increased (Table 17). Fig. 9 presents conformational changes 
evoked by SMF in the molecule of tert-butanol.

A rigid molecule situated in respect to the direction of the magnetic field resulted 
in diamagnetic interactions with electrons of the bonds. Thus, these interactions could 
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be reflected by elongation of the bonds instead of moving in the space. This is known 
as a phenomenon of levitating living frogs observed in SMF on the level of 12–20T 
(Berry 1997) (≈ 0.012–0.02 AFU) and these remaining healthy after experiments.

In performed computations, a decrease in heat of formation of alkanols with an 
increase in applied SMF flux density accompanied with increase in dipole moments 
pointed to weakening the bonds and, at the same time, elongation of the bonds. It 
resulted from the destabilising effect of SMF upon spin-paired electrons. Inspection 
of the alkanols geometry changing with SMF arranged parallel to the long axis of 
the molecules showed that, in several cases, the effect of the bond elongation is the 
strongest when the bond and direction of the field force lines reached approximately 
the 45° angle. It was noted for the molecules of methanol, butan-1-ol, S-butan-2-ol, 
iso-butanol and tert-butanol.

Biological function of alcohols in organisms of flora and fauna chiefly involves the 
hydroxyl group. That group is attacked by various enzymes metabolising alcohols via a 
complex catabolic and metabolic pathway (US Department of Health & Human Ser-
vices 2007; Vaswami 2019). In the first step, the hydroxyl group of alcohol plays a role 
of the Lewis base. Hence the high negative charge density at the oxygen atom of that 
group favours the initial step of the alcohol metabolism. Simultaneously, elongation of 
the O-H bond should favour the contact of the alcohol with attacking enzymes. Tak-
ing these arguments into account, based on the insight in particular Tables, one could 
state that SMF declined the Lewis basicity, that is, inhibited reaction with enzymes in 
methanol, propan-2-ol and S-butan-2-ol. Except for methanol, the alkanols bearing 
their hydroxyl groups at the terminal CH2 group of the chain were stimulated by SMF 
to react with enzymes. Amongst the SMF stimulated alkanols, the tert-butanol was 
least sensitive. The length of the O-H bond increased in all cases.

Taking into account the chemical oxidation of alkanols, attention should be paid 
to the response of the positive charge density at the hydrogen atom bound to the car-
bon atom holding also the hydroxyl group to an increase in the applied SMF flux. One 
could see that, in the molecules of methanol, ethanol, propan-1-ol, propan-2-ol and 
butan-1-ol, the positive charge density decreased making that hydrogen atom less acid-
ic. Only in S-butan-2-ol and isobutanol, this charge density varied very chimerically. 
tert-Butanol did not possess such a hydrogen atom. A decrease in the positive charge 
at the geminal hydrogen atom made it more sensitive to the reactions of the free radi-
cal mechanism that is less susceptible to the reactions involving the ionic mechanism.

Conclusions

Static magnetic field of flux density increasing from 0 to 100 AFU destabilised the 
molecules of alkanol as shown by the increasing heat of formation of those molecules 
and their dipole moment.

SMF produced an increase in the negative charge density at the oxygen atom of the 
hydroxyl group and elongated the –O-H bond length. These results show that SMF 
facilitates metabolism of the alkanols.
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Some irregularities in the changes of positive and negative charge densities and 
bond lengths provide evidence that molecules slightly change their initially fixed posi-
tions in respect to the force lines of the magnetic field. Length of some bonds and bond 
angles change with an increase in the applied flux density providing, in some cases, 
polar interactions between atoms through the space.

SMF flux density initially defined in T evoked much stronger effects than could 
be anticipated, based on the comparative analysis with experimental results of 
flux density. Computations were performed for extremely high intensity of SMF 
at which almost every molecule and every element of construction could be de-
stroyed. In natural Earth conditions, generated SMF of hardly 2 AFU destroyed 
electromagnetism within milliseconds. Thus, introduced AFU were at 1000 times 
higher than T. Hence, results of effects of SMF to humans predicted in this paper 
are purely theoretical in contrast to effects of alternating electromagnetic fields of 
much lower intensity.
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