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Faradays Law
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Intermolecular forces




Since the start of modern science many discoveries in one field has had
applications in other fields.

In turn these individual discoveries became fields of study themselves.

ance, Physics which has many areas/fields of study.







Bottom line; principles from one area
are applied in other fields or subfields
which are interlink and the basis of
other fields.

From the example of the field of
electromagnetism which shows the
movement of electrons to one atom
to another and the magnetic field
Juced is prevalent in many
ne equal sign




FARADAY’S Laws 0FE

ELECTROMAGNETIC
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electromagnetic induction
Faraday’s First Law

» Any change in the magnetic field of a coil of wire will cause
an emf to be induced in the coil. This emf induced is called
induced emf and if the conductor circuit is closed, the
current will also circulate through the circuit and this
current is called induced current.

Method to change magnetic field:

1. by moving a magnet toward or away from the coil

2. by moving the coil into or out of the magnetic field.
3. by changing area of a coil placed in the magnetic field
4. by rotating the coil relative to the magnet.




FARADAY’'S SECOND LAW:

STHE MAGNITUDE OF ENMF INDUCED IN ANY
CONDUCTRO IS EQUAL TO THE RATE OF

CHANGE OF FLUX LINKAGES WITH I1T.™"







magnetic
field



https://en.wikipedia.org/wiki/Surface_integral
https://en.wikipedia.org/wiki/Magnetic_field
https://en.wikipedia.org/wiki/Magnetic_field#The_B-field

P(1) = f B(1)dS [The Magnetic Flux ® is the
Sum (Average) of the B - field
over the area S|






Now for atoms and molecules especially organic ones from
hydrocarbon fuels which will be discussed later.

They can be considered a “loop” being they have
atoms(Hydrogens) with electrons moving in them.

As the molecules move though the magnetic field .

The flux and/or the field going though it changes.

As shown in the picture below.
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Continuing on, after Michael Faraday created his law of
induction, Hein Lenz continued Faraday's work and made a
discovery. As shown below and in the next side.

. Faraday's
Magnetic Faraday'’s Law Lenz’s Law

flux, ¢ Experiment (1834)

(1831)
= BA cos @
E
)




' Lenz’s Law

Lenz's law gives the direction of the induced emf and current
resulting from electromagnetic induction. The law provides a
physica inte(rfretation of the choice of sign in Faraday's law of
induction, indicating that the Induced emf and the change in flux

have oppos:te signs.

(a)
cwvvuopmmwvm.w . .
In the figure above, we see that the direction of the current changes. Lenz's

Law helps us determine the DIRECTION of that current.




Faraday’s and Lenz’s Laws - Example 1

B) Lenz’s Law

The direction of the Induced
current is such that it opposes the
change producing it (the magnet
moving towards the coil)

>

s |

The current in the coil has to make
a magnetic field that pushes the
Magnet away....

The Right hand grip rule shows
how the current must flow.




NOW A BRIEF DISCUSSION ABOUT
MAGNETISM BEFORE GETTING ON
WITH PARAMAGNEITSM AND

DIAMAGNETISM

Magnetism

Oy




Magnetic materials may be identified as belonging 1o one of four categories:
ferromagnetism, paramagnetism, diamagnetism, and antiferromagnetism.

The strongest form of magnetism is ferromagnetism.

An’rlferromogne’rlsm mogne’rlc momen’rs of molecules or atoms align in a pattern in which



https://www.thoughtco.com/pierre-curie-biography-and-achievements-4034912

Paramagnetism refers to a property of certain materials that are weakly
aftfracted to magnetic fields. The Valence electrons are unpaired.

When exposed to an external magnetic field, internal induced magnetic
fields form.



https://www.thoughtco.com/paramagnetism-and-diamagnetism-problem-609582

Paramagnetism and Diamagnetism

. Atoms with unpaired T electrons are
called paramagnelic.
* Paramagnetic aloms are attracted 1o a
magnot.
« Atoms with paired T2 electrons are

called dhmagmuc




The next two slides show;

lagram of a paramagnetic compound aligns itself within a magnetic field.

agnetic and paramagnetic compounds
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Magnetic field (B,)
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Diamagnetic Para/Ferromagnetic




A substance contains no unpaired electrons and is not attracted
to a magnetic field.

Diamagnetism is a quantum mechanical effect that is found in
all materials.

For a subs’rcmc:e to be termed "diamagnetic” it must be the only
ion to the matter's magnetic effect.

=ctrons in the atoms of the

MORE ON DIAMAGNETISM


https://www.thoughtco.com/definition-of-electron-chemistry-604447

Diamagnetism

* The value of B is smaller in the region of the
diamagnetic material than it would be if the
material were absent

* The origin of diamagnetism is Lenz’s law

/

When the flux through an electrical circuit is changed,

an induced current is set up in such a direction as to
oppose the flux change.




You noficed that the magnetic field is repulsed by the diamagnetic

Magnetic field (B,)

Diamagnetic Para/Ferromagnetic
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Difference between inframolecular and intermolecular.

Inframolecular forces (bonding forces) exist within molecules and influence
the chemical properties.

ar forces exist between molecules and influence the physical

intfermolecular
/)




TABLE 11.4 Types of Intermolecular Forces
Type Present in

All molecules and atoms

Dipole-dipole Polar molecules

Molecules containing
H bonded to F, 0,0r N

Hydrogen bonding

Mixtures of ionic compounds

lon-dipole and polar compounds




Intermolecular Forces

Covalent bond

Intermolecular
attraction (weak)

These intermolecular forces as a group are
referred to as van der Waals forces.

lmcrgél_'qcular




London Dispersion Forces

The IMF that exist between non-polar atoms or molecules and due to attractions
between opposite charges.

Attractive forces are due to instantaneous dipole moments.
Figure on the next slide represents a "snapshot” of two helium atoms.

his particular instant, both valence electrons on the atom on the right are on the

t helium atom.




London Dispersion Forces

I xDostaty
a&aenm

RN = Ll 1IN s wves ! 4

Another helium nearby, then, would have a
dipole induced in il, as the eleclrons on the

left side of helium atom 2 repel the eleclrons

in the cleud on hefum atom 1. A

-




It is ensemble of bound atoms or molecules that is immediate in size between a
molecule and a bulk solid.

It exists of diverse stoichmetries and nuclearities.

They are aggregates of 5- 10A5 atomic or molecular units.

ified according to the forces binding them together.
is di ion is Van der Waals clusters.
[ and repulsion between







Cluster system properties come from the size and composition (that contributes to the
binding forces) which determines:

Number of dimensions of the phase spaces.
The range of accessible positions and velocities of the atomic compounds.

There is a gradual transition that occurs between the properties of the molecules and that
of the corresponding bulk mass.

it physical and chemical properties specific to their configuration space only.
endent and have specific qualities compared to the bulk




Practically all of these phenomenon are based on the movement of the
electrons in the atomes.

The study of electrons orbiting and interacting in an atom and in chemical
bonds is called Quantum Mechanics.




An electron being a charged particle exhibits an electric field.

When in motion creates a magnetic field that is perpendicular or orthro orientation to
the electric field.

The attractive or intermolecular force itself is a combination both the electric and
magnetic fields of the electron:s.

That orbit nucleus of the atom itself.
the nucleus the electron can have two magnetic orientations call spin.

leld doesn't repel the others orbifing the nucleus.







Example of Hund’s Rule:
p orbital with 6 electrons

Step 1 p orbital + + ..{_ Flll all orientations with
+ % spin electrons first

~ ™ e '
Step2  p orbital ‘{'—1" H H‘ ek s preprosaniop


https://www.chem.purdue.edu/gchelp/gloss/orbital.html
https://www.chem.purdue.edu/gchelp/gloss/subshell.html
https://www.chem.purdue.edu/gchelp/gloss/electron.html
https://www.chem.purdue.edu/gchelp/gloss/orbital.html
https://www.chem.purdue.edu/gchelp/gloss/electron.html
https://www.chem.purdue.edu/gchelp/gloss/orbital.html

Going hand in hand with Hund’s rule is Pauli's exclusion principle which is ...

ne quantum mechonlcol principle which states that two or more identical
ith half-integer spin) cannot occupy the same guantum state within

g the nucleus.

. . .
a O


https://en.wikipedia.org/wiki/Quantum_mechanics
https://en.wikipedia.org/wiki/Spin_(physics)
https://en.wikipedia.org/wiki/Quantum_state
https://en.wikipedia.org/wiki/Quantum_system
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It is a relativistic intferaction of a particle’s spin with its mofion inside a
potential(electric.)

Example- spin-orbit interaction leading to shifts in an electron’s atomic
energy levels.

omaagnetic interaction between;

/
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Spin-orbit coupling

e Spin of an electron makes
it a magnet. Orbital motion
of the electron also makes
it a magnet. These two
magnetic moments can
interact or “couple” (spin-

orbit coupling) and cause
energy level splitting.







The electron individual spins are denoted with the quantum number s
Their interactions summed up(si + . . .)forming the total angular Spin Number S.

ne orbital individual orbits are denoted with the quantum

> total angular









angular S angular

momentum 'lj_,—_—mh ~VI{1+1)h=1 momentum

zcomponent magnitude




It is tThe property of a physical system that is in constant motion.
It is a conserved property, time- independent, and well defined.
In 2 cases;

1. system experiences spherically symmetric potential field

2. System moves “quatumly” in isotopic space.
'-z




Generally, angular momentum conservation implies full rotational
symmetry and conversely spherical symmetry implies angular
momentum conservation.

If 2 or more systems have conserved angular momentum, it is

useful in combining them.

ons in a atom




L S coupling — pertains to atomic with an atomic mass of less than 30 amu.

The electron spins si inferact among themselves and combine to a tfotal angular momentum
S.
The same happens with | the orbital angular momentum combining to form L.
is interaction is called the Russel- Sanders approximation.
ong as the external magnetic field is weak.
ent energy level splitting






https://en.wikipedia.org/wiki/File:LS_coupling.svg

Total Angular Momentum

= If jand m; are quantum numbers for the single electron
(hydrogen atom). —
J =Jj(G+Dr

J,=mh

= Quantization of the magnitudes.
L =.¢(¢+Dh
S =./s(s+Dh
J =j(J+Dh

= [he total angular momentum quantum number for the single
electron can only have the values

F=d8

47
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Total Angular Momentum

_ Orbital angular momentum ) (_ Spin angular momentum

Total angular momentum

I
J=L+S8

L,L,S,S,JandJ,are quantized




Now for some other facts.

Spin-spin coupling is the coupling of the intrinsic angular
momentum of different particles.

Such coupling between pairs of nuclear spins is an important
nuclear magnetic resonance (NMR) spectroscopy

he structure and




Zeeman effect




It is the splitting of a speciral line info two or more components of slightly
different frequency when a light source is placed in a magnetic field.

Or our purposes it is the splitting effect of a spectral line from an electron into
1S in the presence of a static magnetic field.

Pleter Zeeman

Pieter Zeeman
THE ZEEMAN
EFFECT



https://www.britannica.com/science/spectral-line
https://www.britannica.com/science/light
https://www.britannica.com/science/magnetic-field
https://www.britannica.com/biography/Pieter-Zeeman

E NE
THIS EFFECT.




[EEMAN EFFECT

7

In 2 magnetic field
the original line splits
into three



Mo Magnetic Field kMagnetic Field present

Spectrum without Spectrum with magnetic
magnetic field field present
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Figure 2. Anomalous Zeeman transitions between 1 “Sy» and 2 “P3p.




At higher magnetic field strength the effect becomes nonlinear.

leld strength where it is equal to the atom’s own internal field, the
ne spectral line rearrange.




Here 3 separate studies using a Magnetic Field will be discussed.
Hydrocarbon Fuel Viscosity and Engine Performance.

Fuel Consumption and Exhaust Emissions in a 2 stroke Engine.

1ance and emission of Single cylinder 4 stroke diesel engine.




There were 2 major parts to this;

One for a diesel engine; plus a sub test on viscosity.

er for Petrol or gasoline engine.




Hydrocarbon fuels are made of covalently bonded carbon and hydrogen atomes.

2 electrons in each covalent bond which are balanced spin-wise.

Diesel has large number of large molecules that are incipient solids in a liquid mix.

When put in a strong magnetic field, the field's energy will make the electrons spins parallel to
each other instead of opposing each other.

er energy level.

Sne can't solidify,




Experiment setup: magnetic field effects on petrol viscosity.

1. The Petrol was place in a bottle.

2. It was hung to a certain height with a pipe going down into a flask.

alue was opened the time was measured to see how long it would take to
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Figure 2 tal sctup for analysis of effect
of magnetic field on the viscosity of petrol




Experimental results for Viscosity.

Crude ol - mix of various sized hydrocarbons.

Largest sized solid suspensions.

Jted to the suspensions.

Of the solid suspensions was reduced while
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Teble 1.Time required to collect 20 ml petrol in 8
flask for different magnetic fields,




Diesel Engine performance.

Fuel consumption rate measured was found to reduce with a magnetic field on a load.
Due to better mixing.

ngine Specifications:

>

>

>






Procedure and results

1 Test on fixed load.

- only frictional power from mechanical parts.
2 3 readings were taken for same condition.
3 15t set without magnetic field.
1t magnetic pair 2000 gauss on fuel line.
~ 4 Procedure repeated for fields of 4000, 6000, and 8000 gauss.

> ion of 10 ml fuel.

> is the rate decreased)
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THIS SHOWS THE MAGNETIC
PLACEMENT FOR THE EXPERIMENT.



Table 2.Effect of magnetic field on time required
for consumption of 10 ml of dicsel in diesel engine
for fixed engine load.
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Petrol Engine Performance

Engine Specifications;

1 cylinder 4 stroke engine.

Air cooled.

Power; 15.4 PS

Cylinder displacement; 159.7 cc
Torque 13.1 Nw

Procedure:

1. ith an external tank where 100 ml of fuel was put int.

2.
3. . ic field applied to fuel line. Initial




Fignte 5.Separate fiel supoly system attached to
bike
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Here petrol fuel is used; emissions and fuel consumption were tested.




Intfroduction.

Magnetic moments that exist in fuel molecules having positive and negative charges.

= a

ealigned and can’'t fully combust with oxygen. Thus they must be ionized to be
etic field.



From the experiment present here will show that hydrocarbons can be polarized by
magnetic field exposure.

That will create magnetic moments from the outer (valent) electrons of the hydrocarbon
(hydrogen) atoms which will put info a higher qguantum state.

It does this by breaking down fixed valence electrons partaking in bonding of fuel components.

oecomes aligned which doesn’t create any new hydrocarbon chains. But
duced magnetic moment into a dipole relationship within




Declustering of fuel

Hydrocarbons have a “cage-like” structure which is the reason oxidizing the inner structures
of clusters is hindered.

into large pseudo — compound groups.

ter interior fo comlbust.

articles that more readily react



Method

Magnetic devices used;

esearch center ministry of Science and Technology.

magnets arranged alternatively in mulfiple







Method continued:

Engine:

—stroke spark ignition Chinese origin 5.5 hp.

olumetric scale and value connected instead of the
med during operation.







Procedure;

1. Periodic inspection of parts for each experiment.
Accelerated engine rom (3500, 4500, 5000) taken.
peed. Continued operating for 2 hours for each test which

7~

nount of

¥
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Test and measuring equipment

Up to 100 ml of fuel used before and after magnetization taken for each intensity and to
= Infrared absorption spectrum using IR presge-21 SHIMADZU range (400-4000)1/cm.

ion spectrum using UV-1650PC/UV-Vis SHIMADZU.
MA 70 using Wilhelm







Resulis

Magnetic field effects on consumption and exhaust.

ne magnetic f|eld broke down the bonds between the hydrocarbon chains resulting in
ace tension, and smaller droplets during fuel injection into the

and improved mixing of



Maagnetic effects on microstructures

Magnetic effect on fuel; 500 ml samples were taken and exposed to field with intensities of
2000, 4000, 6000, and 2000 without retention time within the magnetization system.

100 ml of the mentioned samples were taken besides the magnetized ones 1o be examined
by infrared spectra (FITR.)

attraction energy by vibrational frequencies, it can be
olute attraction energy value or group




UV-Vis radiated by matter is related to transition of energy levels and changes of electron
states.

In studying spectra features of UV-Vis Spectra of fuel, useful in revealing properties and
mechanisms of magnetic influence on electron mofions and atomic structure.

absorption s’rreng’rh remarkably increases after aromatic hydrocarbons are magnetized
lon probability of pi electrons in conjugated systems among different

iINng combustion under




Surface tension rates decreased under magnetization.

et, the rates don’t increase accordingly well as field strength increases.

ace tension decreased considerably, other it comparatively




Increased rate of fuel saving with increasing magnetic field

intensity
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Magnetic intensity (Gauss)

FIG. 3. REDUCING THE AMOUNT OF CONSUMED FUEL WITH INCREASING
MAGNETIC FIELD INTENSITY
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FIG. 4. INCREASED RATE OF FUEL SAVING WITH INCREASING MAGNETIC FIELD
INTENSITY
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FIG. 5. INCREASED RATE OF FUEL SAVING WITH INCREASING ENGINE SPEED
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FIG. 6. DECREASE RATE OF CO GAS WITH MAGNETIC INTENSITY



a2
c
2
O
-
S
b}
—_
O
I

--- 5000 r.p.m
--- 4500 r.p.m
--- 3500 r.p.m

2000 4000 6000 8000
Magnetic intensity (Gauss)

FIG. 7. DECREASE RATE OF UNBURNED HYDROCARBONS HC WITH MAGNETIC
INTENSITY
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FIG. 8. INCREASE RATE OF CO2 GAS WITH MAGNETIC INTENSITY
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FIG. 9. VARIATION OF STRENGTHS OF INFRARED ABSORPTION PEAKS
OF FUEL WITH MAGNETIC INTENSITY



--- control sample
--- 4000 G
--- 9000 G

()]
Q
-
©

o
—
o
w

O

<

290 310 330 350
Wave length (nm)

FIG. 10. ABSORPTION SPECTRUM OF ULTRAVIOLET LIGHT FOR FUEL
MAGNETIZED WITH DIFFERENT MAGNETIC INTENSITIES
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FIG. 11. CHANGE IN SURFACE TENSION OF THE FUEL WITH THE INTENSITY OF
THE MAGNETIC FIELD.






Intfroduction

Fuel is ionized by magnetic field by principle of magnetic field mutual action with
hydrocarbon fuel and oxygen.

Various attraction forces between fuel molecules which forms densely packed structures
vhich are stable.

cules change orientation and




Spin isomers of molecular hydrogen

Proton spin Proton spin
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Set up and procedure.

A diesel engine was used for all tests.

signed for accurate flow rate.

directly by using the burette method.



THE ENGINE USED



Technical Specifications Model V1

Make

Type

No. of cylinder

Bore

Stroke

Combustion principle

Cubic capacity

Compression ratfio 3 port

Lubrication system

Kirlosker Oil Engines

Four stroke, Water cooled, Diesel

One

87.5 mm

110 mm
Compression ignition
0.661 liters

17.5:1

Forced feed system

THE ENGINE SPECIFICATIONS




PHOTOGRAPHIC VIEW OF EXHAUST
GAS ANALYZER



Magnet properties
A ferrite magnetic was used.

It was a ceramic and iron oxide type.

vas installed just before the injector for maximum alignment and




o

PHOTOGRAPRIC VIEW OF FERRITE
MAGNETS



Resulis

Fuel(SFC) consumption was less with the magnet.

Brake (BTE) power was less, up to 2%.

=ate ange!




Comparision of SFC

—4— Without Magnet

:
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—— With Magnet




Comparision of NOx

—— Without Magnet
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Comparision of HC

—— Without Magnet

—8—With Magnet




Comparision of CO

—4— Without Magnet

—— With Magnet




Comparision of CO2

—a— Without Magnet

—m— \With Magnet




Comparision of BTE

—4— Without Magnet

—— With Magnet




Conclusion

iency similar in both cases with and without magnetic field.




These are based on the 3 experiments dealing with the effect of applying
a magnetic field on hydrocarbon fuels.

15t part explains how using a magnetic field can enhance Infrared and

UV-Vis spectroscopy.

ing a mogne’nc field to reduce surface tension




INFRARED
SPECTROSCOPY
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Hltraviolet - 8 Infrared



https://en.wikipedia.org/wiki/Infrared
https://en.wikipedia.org/wiki/Matter
https://en.wikipedia.org/wiki/Absorption_spectroscopy

As shown earlier the absorption spectra physical and chemical properties of the fuel are
changed by the magnetic fields effect.

In the petrol experiment 100 ml of fuel samples that were magnetized and those that were
not were examined by infrared spectroscopy.

Because of the non-polar hydrocarbon attraction force is determined by vibrational
cies, it was de’rermlned that the higher the frequency the lower the absolute

Molecular forces are decreased

7/
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Uliraviolet-visible speciroscopy refers to absorption spectroscopy or reflectance
pectroscopy in part of the ultraviolet and the full, adjacent visible spectral

Wisible

Ultraviolet - 3 Irfrared



https://en.wikipedia.org/wiki/Absorption_spectroscopy
https://en.wikipedia.org/wiki/Ultraviolet
https://en.wikipedia.org/wiki/Visible_spectrum

In studying the spectral features of UV-Vis spectra showed that it was useful in
showing properties and magnetic effects on electron motions and atomic structure.

The petrol experiment showed that magnetized aromatic compounds remarkably
increased indicating the transition probability of pi electrons in conjugated

.
“.-
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Based on the experimental results discussed, it is obvious that using a strong magnetic can
greatly enhance Infrared spectra.

For the case of Infrared spectroscopy, there are some disadvantages that magnetization
ould solve.




Advantages:

Non-Optical Spectroscopy

No Spectral Temperature Dependence

Minimal Sampling Requirements

Spectral Response to Hydrogen Concentration 1s Linear

Comparatively Large Sample Volumes

Water 1s 1n Distinet Spectral Region

Detailed Hydrocarbon Information 1s readily Quantifiable

Fundamental Chemical Information can be Derived Directly from Spectrum.
Colored/Black Samples Readily Observed

Disadvantages:

Solids Cannot be Observed

Spectra are “composite averages” of all components i the sample.
Component Identification may not be directly observed

Low Sensitivity to Impurities — Quantitative > 1000 ppm

Spectral Degradation may result from Presence of Ferro-Magnetic Species
Excessive Sample Viscosity impacts Spectral Resolution

Non-Hydrogen Containing Species are Not Observed

Individual Molecular




ges of FT-IR

=l

Cannot detect atoms or monoatomic ions - single
atomic entities contain no chemical bonds.

Cannot detect molecules comprised of two identical
atoms symmetric-such as N2 or O2.

Aqueous solutions are very difficult to analyze - water
is a strong IR absorber.

Complex mixtures - samples give rise to complex
spectra.




For Infrared spectroscopy, magnetization can greatly enhance, depending the strength of the field as show in
slide 140, the spectra reading.

At 2000 gauss show how greatly enhanced it can be. Thus it can overcome low sensitivity compounds.

For Ferromagnetic species spectral degradation, a applied field can be used to filter out the species.

ds on the whether the anayltes of interest are diamagnetic or paramagnetic.

ield to properly filter out problem species.
iments and what was discussed.

.
~ NN

Magnetic field (B,)

Diamagnetic Para/Ferromagnetic



As with Infrared Spectroscopy, UV-Vis has it’'s own advantages and disadvantages.

From the sources found its seems there is less disadvantages with UV-Vis than with Infrared.

However, there is one interesting disadvantages that will be generally addressed.




* SRR
UV/Visible

® Advantages
~I'high sensitivity
-l small sample volume required
“Ilinearity over wide concentration ranges
~I'can be used with gradient elution

® Disadvantage

- does not work with compounds that do not absorb
light at this wavelength region




The other disadvantage of UV-Vis spectroscopy is the deviations with the Beer-Lambert Law.

nese deviations are:
ndamental deviations due to the limitations of the law itself.
O specific chemical species of the




absorbing sample of
concentration c

~— path lengthb —»
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Absorbance
Molar absorption coefficient
Molar concentration

optical path length
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https://pharmaxchange.info/wp-content/uploads/2012/05/absorbance_at_lambda_max_vs_absorbance_at_other_wavelengths.gif

For compound that don’t absorb the light spectrum region which are don’t have
jugated and/or no pi bonds. Magnetization though the principles of the
orobably convert them to absorb in this region.

ons can become unpaired

N

IEEMAN EFFECT

_)

n 4680 f\ In a magnetic field
the original line splits
into three




For the Beer-Lambert deviations for Real and Chemical, magnetization can help resolve

some of it if not all.
The Real deviations of only allowing low concentrations, as shown with the experiments
results and what was discussed, can easily resolve this issue.

at applying a strong magnetic field can dilute and decluster the high

Y O

be done.
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VISCOSITY

The Reynolds number is defined asl®!

L
Re — PuL _ ulL
4 v

where:

« p is the density of the fluid (S units: kg/m?)

« 11 is the velocity of the fluid with respect to the object (m/s)
o L is a characteristic linear dimension (m)
« 1 is the dynamic viscosity of the fluid (Pa-s or N-s/m? or kg/m-'s)

« 1 is the kinematic viscosity of the fluid (m?/s).


https://en.wikipedia.org/wiki/Drag_(physics)
https://en.wikipedia.org/wiki/Syrup
https://en.wikipedia.org/wiki/Water




Teble 1.Time required to collect 20 ml petrol in s
flask for different magnetic fields.




The tendency of liquid surfaces to shrink into the minimum surface area possible.

Using liquid-air interfaces as an example;

surface tension results from the greater attraction of liquid molecules to each other
due to cohesion) than to the molecules in the air (due to adhesion).



https://en.wikipedia.org/wiki/Liquid
https://en.wikipedia.org/wiki/Surface_area
https://en.wikipedia.org/wiki/Cohesion_(chemistry)
https://en.wikipedia.org/wiki/Adhesion
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From examining the graph on the previous slide, it shows that the surface tension goes
though an increasing up and down from 2000 to 7000 gauss.

It is thought to be due to viscous heating from the fuel.

Viscous heating is an irreversible process which the work done by a fluid on adjacent layers
e o shear force action produces heat.

ecular orientation state on the liquid surface besides the




ompound by magnetization can;

or analvsis.



For ICP systems, putting a strong magnet on the line to nebulizer can effectively
polarize the compounds for easier nebulization.

Spectra enhancement for the Optical Emission Spectra (OES).

This should be similar as with Infrared and UV-Vis spectra.
a magnet or magnetic coil around the plasma.

F coil and a coil or




For GC applications, a strong magnet would be on the injection port.
An obvious benefit for headspace injection.

r volatility of the compounds.

compounds with polar groups which




Other issues would be with the high boilers and/or compounds with polar groups which
need derivation.

Concerns with the injector, line, and/or column being clogged.

or some compounds, this will not be an issue because the magnetic field would be
N go through without condensing in the column with a proper




For HPLC applications;

The benefit is the reduction of viscosity and surface tension of the compounds and
mobile phase.

Improvement in flow rates without the concern for pressure build up.

Or increased temperature risking compound decomposition.

It can possibly help increase column life by altering impurities that normally be
apped in the column especially with highly retained compounds.

ne petrol and diesel fuel tests, a strong applied field




It would a benefit having a magnetic coil on the column itself.

Because a magnetic field being where the separations occur can further help with
retentions times, column flow, selectivity, Etc.

A specialized column using a magnetic field instead with an inert gel stationary phase
might be useful.

For two reasons, one is the magnetic field can be adjust in strength and possibly direction to

field can also act as a heating element




Producing the required magnetic field for these applications would be a strong
ferrite or neodymium magnet.

Increasing the field strength more magnets would be just added on.

would be an electromagnet that is adjustable to vary the field

igh field strength



In conclusion, Magnetic chemistry has a great potential in using the
magnetic field to altering properties and conditions of compounds. Thus,
making better to react with compounds by inducing reaction similar o

using an electric current used in electrochemistry. By going over the
orinciples of Fcrodoys induction law, porcmogne’nsm/dmmognehsm




