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Abstract
In presented paper influence of external, homogeneous magnetic field (one of the most common 
fields creating the universe) on interfacial Gibbs energy and its component were investigated. 
Basing on van Oss, et al. approach, components of Gibbs’ interfacial energy of porous silica 
gel, using thin layer wicking method, were determined without and in homogenous magnetic 
field with induction 0,44 T. Compared results obtained inside and outside of strong magnetic 
field shows significant differences between experimental results obtained in 0,4T uniform static 
magnetic field and outside it. It proves that the field influences on free interphase energy value 
of porous silica gel.
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Abbreviations
γ: Free interfacial energy; γAB: Polar component of free interfacial energy (acid-base component); 
γLW: Apolar component of free interfacial energy (Lifshitz-van der Waals component); γ−: Electron 
donor parameter of polar component of free interfacial energy; γ+: Electron acceptor parameter 
of polar component of free interfacial energy; γd: London parameter of apolar component of 
free interfacial energy; γp: Debye parameter of apolar component of free interfacial energy; γi: 
Keesom parameter of apolar component of free interfacial energy; γL: Free interfacial energy 
of liquid; γS: Free interfacial energy of solid; γSL: Solid-liquid free interfacial energy; ( )12

aG AB∆
: Acid-base (polar) component of Gibbs interfacial energy between two phases; ( )12

aG LW∆ : 
Lifshitz van der Waals (apolar) component of Gibbs interfacial energy between two phases; ΔG: 
Free interfacial energy during porous layer penetration by liquid; ΔGb: Free interfacial energy 
calculated from Washburn equation for dry layers; ΔGp: Free interfacial energy calculated from 
Washburn equations for conditioned layers; R: Effective radius of porous bed (effective radius 
of interparticle capillaries); η: Liquid viscosity; t: Time of penetration porous solid layer by 
liquid; x: Distance of penetration porous solid layer in time t.
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Introduction
Magnetic field is one of the most common fields 

creating the universe. As it was proven before [1-3] 
its presence influences on some processes taking 
place in the interfacial area, but investigations con-
sisting influence of static magnetic field on change 
of values of components of free surface energy, 
according to our knowledge, have never been per-
formed.

The reason of existing all interface phenomena 
are unbalanced intermolecular forces appearing 
on the border of two phases and in the layers con-
tacting them, which is named the interfacial ten-
sion, or in case where one of the phases is gas - 
the surface tension. Free surface energy or more 
precisely Gibbs interfacial energy, is the function 
which quantitatively describes the interfacial ten-
sion phenomena. It can be defined as work needed 
to create new interface of given area between two 
phases. Thus, the ability to manipulate its value by 
applying external physical field can revolutionize 
many areas of human activities such as application 
or remotely controlled drug and gene delivery sys-
tems, chromatographic separation of inseparable 
(until now) compounds of plant extracts or even in-
vention? of molecule size transistors, creating mo-
lecular thickness coatings and many others.

The aim of this work is to determinate of free 
surface Gibbs’ energy components in different in-
terfacial systems of silica gel by presence of exter-
nal uniform static magnetic field.

Calculating free interfacial energy
At present, there are two approaches to deter-

mining the interfacial Gibbs energy. One of them 
claims that it is a sum of intermolecular interactions 
of various types and those components has crucial 
influence on determining it. The second, implies 
that it is sum of free interfacial energies of contact-
ing phases. Representation of first type approach 
is the way of determination of free surface energy 
proposed in 1962 by Fowkes [4] who claimed that 
the total surface energy can be calculated by sum-
ming of geometrical means of every element con-
tacting on the border of two phases.

The other approach is represented by van Oss, 
et al. [5-7], who assumed that free interfacial ener-
gy can be presented by the sum of polar and apolar 
interactions:

AB LWγ γ γ= + 				            (1)

Polar interactions, in most cases, are the result 
of creation hydrogen bonds among neighbouring 
molecules, and can be described as:

1
22( )ABγ γ γ+ −= 				           (2)

Taking into consideration models of apolar in-
teractions proposed by Girifalco and Good [8] and 
Lifshitz theory [9], one can assume that apolar 
component of free interfacial energy is equal to:

d p i LWγ γ γ γ+ + = 				          (3)

Because of the fact that dipole - dipole and di-
pole - induced dipole interactions participation in 
total free interfacial energy is smaller than 2% (as 
the result of mutual saturation of those) and can 
be omitted. Thus, main part of apolar interactions 
comes from London’s dispersion interactions [7].

Maintaining under consideration rules of Small 
[10] and Kolmann [11,12] concerning short range 
interfacial forces, describing acid-base component 
of free adhesion between phases 1 and 2 as:

( ) ( ) ( )1/2 1/2

12 1 2 1 22 2aG AB γ γ γ γ+ − − +∆ = − − 	        (4)

also, if one know that:

( ) ( )12 12 12
a a aG G LW G AB∆ ∆ + ∆= 		          (5)

The final expression describing interfacial Gibbs 
energy can be written as:

( ) ( ) ( ) ( )1/2 1/2 1/2

12 1 2 1 2 1 22 2 2a LW LWG AB γ γ γ γ γ γ+ − − +∆ = − − − 	
						             (6)

On the basis of presented considerations, van 
Oss, et al. proposed equation describing interfacial 
interactions between two liquid phases and in solid 
- liquid system which was written as follows:

( ) ( )2
2LW LW

SL S L S S L L S L S Lγ γ γ γ γ γ γ γ γ γ γ+ − + − + − − += + + + − − 	

						             (7)

Equation 7 have been used many times for cal-
culating free interfacial energy by van Oss and his 
co-workers, and also for experimental determina-
tion of free surface energy for experimental deter-
mination of free surface energy giving satisfactory 
results.

“Thin Layer Wicking” method of free interfa-
cial energy determination

In order to better understand phenomena tak-
ing place in the interfacial area between liquid and 
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Materials and methods
All solvents (gradient grade) and TLC plates (TLC 

SiO2 without fluorescent indicator) used in experi-
ment were delivered by Merck (Darmstadt, Germa-
ny).

Experiments in static magnetic field were per-
formed using a pair of permanent neodymium 
magnets (delivered by ENES, Warsaw) mounted in 
specially constructed device which scheme is pre-
sented on Figure 1.

Inductivity of uniform static magnetic field in-
duced in the device was about 0.44 Tesla. For fur-
ther technical description of the equipment please 
refer to our earlier works (e.g. [1-3]).

Penetration time of chosen solvent was meas-
ured on the distance 10 cm with step of 1 cm (with 
exception water). In case experiment carried out 
on conditioned by given solvent sorbent beds, silica 
layers were preconditioned, right before penetra-
tion velocity measurements, for 30 minutes in TLC 
chamber which interior was saturated the vapours 
of solvent. Such time of plate preconditioning gives 
good base to assume that the surface of silica gel 
was uniformly covered by the film of given solvent 
regarding its volatility is one of the most common 
fields creating the universe is one of the most com-
mon fields creating the universe. All experiments 
were performed at room temperature (20 ± 1 °C). 
All measurements were repeated at least 3 times. 

solid phase, components of free surface energy 
were determined according to Van Oss, et al. ap-
proach using “thin layer wicking” method. As it 
was presented before [13-17] modified Washburn 
equation [18-20]:

2

2
Rtx G
η

= ∆ 				            (8)

can be applied for free surface energy determi-
nation.

x and t values are obtained by measurement of 
time of penetration of given solvent of given dis-
tance (x) of porous bed.

Experimental
The basis for description of static magnetic field 

influence on different interfacial phenomena eg. 
mixture separation on porous layer is to determine 
and describe way the field changes interactions 
and properties of surface.

Measuring the penetration velocity of given 
liquids on porous layer of solid is one of the most 
important experiments leading to determination 
of free surface energy of those solids. Similarity of 
that experiment to chromatogram development in 
thin layer chromatography, induces the fact that 
method introduced by Van Oss, et al. [5-7] is the 
best solution for free surface energy of sorbents. 
The use of commercial TLC plates covered silica gel 
improves the reliability and repeatability of experi-
ments presented in this work.

Figure 1: Scheme of device for liquid velocity on porous layer determination in magnetic field.
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All blunders were rejected. All presented calcula-
tions were carried out on the basis of mean values 
calculated from 3 consecutive measurements.

Effective radius of interparticle capillaries (R) 
determination

The value of effective radius of interparticle 
capillaries informs about the penetration ability 
of sorbent bed by solvent used for determination 
of that parameter. R is determined on the basis of 
velocity of wetting fronts of two or three different 
solvents used in experiment. Effective radius de-
pends from type of liquid used in experiment [21], 
thus comparing of R values obtained in uniform, 
parallel to plate plane magnetic field and outside it 
allows for gathering data about the field influence 
on given solvents. Effective radius of interparticle 
capillaries can be determined measuring of velocity 
of penetration of liquid in porous layer, preserving 
following conditions:

Liquid should totally wet the surface of solid (in 
this case LG γ∆ = ),

The surface of solid should be covered by duplex 
film of penetrating liquid (or the film should form in 
front of penetrating liquid).

Given conditions are fulfilled for liquid aliphatic hy-
drocarbons, and in order to create duplex film sorb-
ent layer is conditioned in corresponding vapours be-
fore beginning of time of penetration measurement.

In considered system, equation 8 transforms in 
eq. 9 

22

L

xR
t
η
γ

= 					             (9)

Which is useful for, R value calculation. Theoret-
ically, in this particular case velocity of liquid pen-
etration does not depend from properties of solid 
surface, but from properties of liquid used in ex-
periment.

In order to determine R value time of migration 
of three n-alkanes on silica gel layers have been 
measured, in magnetic field and outside one simul-
taneously. Obtained results are presented on Fig-
ure 2.

According eq. 8 and on the basis of experimental 
results linear correlation between time of migration 
and square of migration distance can be confirmed. 
Moreover, differences between migration velocity 
of corresponding n-alkanes in the magnetic field 
and outside it can be observed.

Figure 2: Dependence of migration time of n-alkanes vs. square of migration distance on conditioned 
layers of silica gel in magnetic field and outside it (n-hexane (C-6), n-heptane (C-7) and n-octane (C-8).
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free enthalpy change. When the effective radius in-
terparticle capillaries are known, measurement of 
mobile phase front velocity allows to determine of 
ΔGb values.

Calculated ΔGb values according to eq 8 of silica for 
investigated hydrocarbons are depicted on Figure 4.

The biggest differences of spread work between 
experiments carried out in magnetic field and out-
side it in case of n-hexane were observed. There are 
bibliographic sources describing influence of mag-
netic field on physical properties of various bodies 
can change some physicochemical properties [24-
26]. It was observed, that the changes does not de-
pend linearly from induction of the field. They may 
reach maximum for given inductivity, and further 
increase of field inductivity causes decease of those 
quantities. Thus, the most probable explanation of 
obtained result is hypothesis that used in experi-
ment magnetic field was suitable for produce ob-
served effect in case of n-hexane, contrary to two 
other researched aliphatic hydrocarbons.

Because mentioned liquids interact with the sur-
face of solid phase only by Lifshic-Van der Waals 
forces, so the whole free interfacial energy of liquid 
can be considered as apolar component of free sur-
face energy. Solving the equation (9) with experi-
mental data allows to calculate apolar component 
for free surface energy of solid (Figure 5).

Obtained values of effective radii of interparti-
cle capillaries in the magnetic field and outside it 
for thee aliphatic hydrocarbons are presented on 
Figure 3.

As it can be seen on Figure 3, in uniform perpen-
dicular to direction of liquid migration magnetic 
field R values are different from those obtained in 
experiment outside the field. It is smaller in case of 
n-hexane but bigger in case of two other n-alkanes 
used in this study. That change provides the change 
of penetration ability of particular liquid. Decrease 
of effective radius of interparticle capillaries is 
probably caused by configuration change of n-hex-
ane molecule what allows it to penetrate smaller 
pores of stationary phase (n-hexane chain may be 
straightened in magnetic field [22,23]). Increase of 
R in case of n-heptane and n-octane may be also 
result of molecule configuration change, but the 
modification is different than in a case of n-hexane 
what makes it difficult to infiltrate smaller pores of 
stationary phase.

Influence of magnetic field on apolar compo-
nent of free interfacial energy of silica gel

If the liquid fully wets porous surface of solid, 
however surface of solid in front of solvent front is 
dry (there is no duplex film on it) it is known from 
earlier investigations that spread work (difference 
between adhesion and cohesion work) is equal to 

Figure 3: R values obtained for n-hexane (C6), n-heptane (C7) and n-octane (C8) in magnetic field and 
outside it.
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Figure 4: Comparison of ΔGb values calculated using dry silica gel layers for n-hexane (C6), n-heptane (C7) and 
n-octane (C8) in magnetic field and outside it.

Figure 5: Values of apolar component of free interfacial energy of silica gel layers determined on the basis of 
experiments using n-hexane (C6), n-heptane (C7) and n-octane (C8), in magnetic field and outside it.
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Table 1: Values of polar components of free interfacial energy (γL
- and γL

+) for water and formamide.

Liquid γL [mN/m2] γL
LW[mN/m2] γL

+[mN/m2] γL
-[mN/m2]

Water 72,80 21,80 25,50 25,50
Formamide 58,00 39,00 39,60 2,28

A

B
Figure 6: Dependence of migration time of formamide (a) and water (b) on dry and saturated on SiO2 
layers in magnetic field and outside it.
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As it can be seen, in case of water velocity of 
migration in magnetic field and outside it chang-
es dramatically. In case of formamide changes of 
migration velocities in magnetic field comparing to 
water are noticeably smaller. Analysing γL

- and γL
+ 

values of test liquid one may claim that magnetic 
field influences on electron donor parameter of 
free surface energy component because in case of 
formamide (which electron acceptor parameter is 
dominant) differences between penetration veloci-
ty in the magnetic field and outside it are relatively 
small, and in case of water (in case of which both 
parameters are equal) differences of penetration 
time are γL

- and γL
+ significant.

On the basis of obtained data ∆Gp and ∆Gb val-
ues in magnetic field and outside it were calculated 
(Table 2).

For differences between ∆Gp and ∆Gb for for-
mamide in case of calculations carried out on the 
basis of R calculated for n-hexane n-heptane and 
n-octane significant influence of magnetic field can 
be observed. In the field, the value is almost half 
as big as in case of experiment outside the field. In 
case of water decrease of those values is also ob-
served but differences are smaller than in case of 
formamide. These changes do not influence on cal-
culated electron donor and electron acceptor pa-
rameters obtained for silica gel. Values of γS

- and γS
+ 

calculated on the basis of effective radii interparti-
cle capillaries calculates on the basis of measure-
ments carried out using n-hexane, n-heptane and 
n-octane are presented in Table 3.

According to earlier observations, in magnetic 
field, one may state that electron donor parameter 
did not changed, but electron acceptor parameter 
changes were observed. The intensity of changes 
depends strongly from the type of hydrocarbon 
used for effective radii interparticle capillaries R. 
The biggest changes of that parameter were ob-
served in n-hexane case. In case of n-heptane 
changes are noticeable but much smaller. When R 
values obtained on the basis of velocity of migra-
tion of n-octane were used insignificant increase of 
electron acceptor parameter was observed.

Conclusions
Presented in this paper experimental data 

proves that presence of uniform static magnetic 
field can change values of free interfacial energy in 
solid-liquid systems even in case of relatively small 

Comparing calculated values outside the field 
for three consecutive n-alkanes one can observe 
increase of γs

LW values according to number of car-
bon atoms in molecule. Analogical comparison for 
experiment carried out in uniform, perpendicular 
static magnetic field does not confirm that depend-
ence. Presence of the field raised component value 
for n-hexane, did not change the value calculated 
for n-heptane and decreased it for n-octane.

The cause of that phenomenon can be connect-
ed with straightening of n-hexane changes in mag-
netic field what allows to penetrate smaller pores 
of stationary phase what results increase of contact 
surface between solid an liquid. In case of n-hep-
tane that phenomenon manifests in much weaker 
way, probably due to odd number of carbons in 
molecule. For n-octane, decrease of apolar com-
ponent can be explained in the opposite way as in 
case of n-hexane. Change of molecule configura-
tion caused by presence of external magnetic field 
does not allow them to penetrate some pores of 
solid. Another meaning fact is its lower magnetic 
permittivity comparing to n-hexane and n-heptane.

Influence of magnetic field on values electron 
donor (γS

-) and electron acceptor (γS
+) parame-

ters of free interfacial energy
The values of γS

- and γS
+ parameters can be cal-

culated on the basis of measurements of solvent 
front migration velocities on wetted and non wet-
ted layers of two liquids which γL 

- and γL 
+ are known 

using following system of equations:

{ ( ) ( ) 2 2 2 2LW LW
b W p W S W S W S W WG G γ γ γ γ γ γ γ+ − − +∆ − ∆ = + + − 	

						           (10)

In this study, water and formamide as test liq-
uids were used. Their L 

- and γL 
+ were found in lit-

erature [27] ∆Gp and ∆Gb values were calculated in 
the same way as in case of n-alkanes used for apo-
lar component determination (Table 1).

Test liquids does not fully spread on the surface 
of silica gel (they have non-zero static contact an-
gle) thus the spread work of those liquid is equal 
to difference between ∆Gp and ∆Gb. Therefore, in 
order to determine those values data about solvent 
front velocities of bipolar test liquids on dry and 
covered by the liquid films are needed. Obtained 
experimental data of migration time versus square 
of distance are presented on Figure 6a and Figure 
6b.
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Mixed Phase of Nuclear Matter and Investigation 
of Polarization Phenomena at the Collision Energies 
to SNN  up to = 11 GeV - Influence of magnetic 
field on interactions of chosen solutes with differ-
ent surfaces by use planar chromatographic (TLC) 
method.”

This work is dedicated in memoriam of Dr. Hen-
ryk Malinowski a beloved husband and excellent 
fellow scientist who unexpectedly died before pub-
lication of this paper.
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