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traces. Hydrogen then essentially recombines into H2 and other species 
(see next Chapter). 

By comparison, one should note that in other methods based on un­
derwater arcs the stationary character of the plasma within the arc im­
plies the creation of large percentages of C02 resulting in a C02 content 
of the exhaust much greater than that of gasoline and natural gas. The 
resulting fuel is then environmentally unacceptable. 

Recall that the primary source of the large glow created by underwater 
arcs is the recombination of H and 0 into H20 following its separation. 
This recombination is the reason for the low efficiency of underwater 
arcs and consequential lack of industrial development until recently. 

By comparison, the PlasmaArcFlow causes the removal of H and 0 
from the arc immediately following their creation, thus preventing their 
recombination into H20, with consequential dramatic increase of the 
efficiency, that is, of the volume of combustible gas produced per kWh. 

Fig·ure 7.10. [8] A picture of a PlasmaArcFlow™ Reactor with 75 kW DC power 
unit which produces about 1,000 cf of magnegas per hour possessing about 870 BTU/ cf 
plus about 500,000 BTU of heat per hour. 

A first important feature of the PlasmaArcFlow Reactors is that of 
having a large efficiency, thus permitting the production of a combustible 
gas at a cost competitive with that of fossil fuels, of course, when con-
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Fig'ure 7, 11. [8] A picture of a Ferrari 308 GTSi 1980 and two Honda Civic cars 
converted by USMagnegas, Inc., to operate with the new clean burning magnegas 
without catalytic converter, yet surpassing all EPA exhaust requirements, having 
no carcinogenic or other toxic substance in the exhaust, reducing of about 503 the 
C02 emission due to gasoline combustion, and emitting in the exhaust 10% to 14% 
breathable oxygen. 

sidering comparatively large productions, including the income from the 
recycling of liquid wastes and the utilization of the heat. 

A Ferrari 308 GTSi and two Honda Civic automobiles have been con­
verted by USMagnegas, Inc., to operate on magnegas. One of these 
vehicles has been subjected to intensive tests at an EPA certified au­
tomotive laboratory in Long Island, New York reviewed in details in 
Sect. 7.9, which tests have established that magnegas exhaust surpasses 
all EPA requirements without catalytic converter, emits no carcinogenic, 
CO or other toxic substances in the exhaust, reduce the C02 emission 
due to gasoline combustion by about 40%, and emits in the exhaust 12% 
to 15% breathable oxygen. 
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Figure 1.12. [8] A picture of the Magnegas Production and Refilling Station, consist­
ing of a reactor as per Fig. 7.10, plus a standard compressor as used for natural gas. 
The simplicity of this station should be compared with the extreme complexity of cor­
responding station for liquid hydrogen. Note that the station depicted in this figure 
allows current distributors of fuel, such as gas stations, to become fuel producers. 

In addition to the production of magnegas as a fuel, the PlasmaArc­
Flow Reactors can be viewed as the most efficient means for producing 
a new form of hydrogen, called MagJtI'M, a carbon-free version of mag­
negas, with energy content and output greater than the conventional 
hydrogen, and at a cost smaller than that of the latter. 

In reading this chapter, the reader should, therefore, keep in mind 
that, in the words of John Stanton, President of EarthFirst Technologies, 
Inc., "the new technology of PlasmaArcFlow Reactors is evolutionary, 
rather than revolutionary, because conceived to be primarily beneficial 
for crude oil, piston engines and hydrogen industries". 

9. Surpassing by Magnegas Exhaust of EPA 
Requirements without Catalytic Converter 

While the chemical composition of magnegas is unknown at this writ­
ing because it is anomalous (see the remaining sections), the chemical 



284 FOUNDATIONS OF HADRONIC CHEMISTRY 

composition of magnegas combustion exhaust is fully conventional, and 
it has been measured to sufficient accuracy. 

The tests were conducted on a Honda Civic Natural Gas Vehicle 
(NGV) VIN number 1HGEN1649WL000160 (the white car of Fig. 7.11), 
produced in 1998 to operate with Compressed Natural Gas (CNG). The 
car was purchased new in 1999 by USMagnegas, Inc., of Largo, Florida, 
and converted to operate on Compressed MagneGas (CMG) in early 
2000. All tests reported in this section were done with magnegas pro­
duced by recycling antifreeze waste. The conversion from CNG to CMG 
was done via: 

1) the replacement of CNG with CMG in a 100 liter tank at 3,600 psi 
which contains about 1,000 cf of magnegas; 

2) the disabling of the oxygen sensor because magnegas has about 
20 times more oxygen in the exhaust than natural gas, thus causing 
erroneous readings by the computer set for natural gas; and 

3) installing a multiple spark system to improve magnegas combus­
tion. 

The rest of the vehicle was left unchanged, including its computer. 
Comparative tests on performance (acceleration, full load, etc.) have 

established that the output power of the vehicle operating on compressed 
magnegas is fully equivalent to that of the same car operating on com­
pressed natural gas. 

Comparative tests on consumption also indicate similar results. In 
fact, measurements of magnegas consumption per hour in ordinary city 
driving were conducted with the following results: 

TANK CAPACITY: 1,096 cf at 3,500 psi, 
TOTAL DURATION: about 2.5 hours, (7.26) 
CONSUMPTION: about 7 cf/minute. 

As one can see, a magnegas pressure tank of 1,500 cf at 5,000 psi would 
provide a range of about 4 hours, which is amply sufficient for all ordi­
nary commuting and travel needs. Measurements of magnegas consump­
tion rate per mile on highway are under way, and they are expected to 
yield essentially the same results holding for natural gas, namely, 

Gasoline gallon equivalent: 120 cf of magnegas. (7.27) 

Preliminary measurements of magnegas combustion exhaust were con­
ducted by the laboratory National Technical Systems, Inc., of Largo, 
Florida, resulting in the following exhaust composition under proper 
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combustion: 

WATER VAPOR: 

OXYGEN: 

CARBON DIOXIDE: 

BALANCE: 

HYDROCARBONS, CARBON MONOXIDE, 

NITROGEN OXIDES: 

503 - 603, 
103 - 123, 
63 - 73, 

atmospheric gases, 

in parts per million (ppm). 

(7.28) 

Detailed magnegas exhaust measurements were then conducted at the 
EPA Certified, Vehicle Certification Laboratory Liphardt 8 Associates 
of Long Island, New York, under the Directorship of Peter di Bernardi, 
via the Varied Test Procedure (VTP) as per EPA Regulation 40-CFR, 
Part 86. 

These EPA tests consisted of three separate and sequential tests con­
ducted on a computerized dynamometer, the first and the third tests 
using the vehicle at its maximal possible capability to simulate an up-hill 
travel at 60 mph, while the second test consisted in simulating normal 
city driving. 

Three corresponding bags with the exhaust residues were collected, 
jointly with a fourth bag containing atmospheric contaminants. The 
final measurements expressed in grams/mile are given by the average of 
the measurements on the three EPA test bags, less the measurements of 
atmospheric pollutants in the fourth bag. 

The following three measurements were released by Liphardt & Asso­
ciates: 

1) Magnegas exhaust measurements with catalytic converter: 

HYDROCARBONS: 0.026 grams/mile, which is 0.063 of the EPA 
standard of 0.41 grams/mile; 

CARBON MONOXIDE: 0.262 grams/mile, which is 0.077 of the EPA 
standard of 3.40 grams/mile; 

NITROGEN OXIDES: 0.281 grams/mile, which is 0.28 of the EPA 
standard of 1.00 grams/mile; 

CARBON DIOXIDE: 235 grams/mile, corresponding to about 63; 
there is no EPA standard on C02 at this time; 

OXYGEN: 9.53 to 103; there is no EPA standard for 
oxygen at this time. 

(7.29) 

The above tests have established the important feature that magnegas 
exhaust with catalytic converter imply a reduction of about 1/15 of 
current EPA requirement. 
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2) Magnegas exhaust measurements without catalytic con­
verter in the same car and under the same conditions as (1): 

HYDROCARBONS: 0.199 grams/mile, which is 0.485 of the EPA 
standard of 0.41 grams/mile; 

CARBON MONOXIDE: 2.750 grams/mile, which is 0.808 of the EPA 
standard of 3.40 grams/mile; 

NITROGEN OXIDE: 0.642 grams/mile, which is 0.64 of the EPA 
standard of 1.00 grams/mile; 

CARBON DIOXIDE: 266 grams/mile, corresponding to about 63; 
OXYGEN: 9.53 to 103. 

(7.30) 

As a result of the latter tests, the laboratory Liphardt 8 Associates 
released the statement that magnegas exhaust surpasses the EPA re­
quirements without the catalytic converter. As such, magnegas can be 
used in old cars without catalytic converter while meeting, and actually 
surpassing EPA emission standards. 

3) Natural gas exhaust measurements without catalytic con­
verter in the same car and under the same conditions as (1): 

HYDROCARBONS: 0.380 grams/mile, which is 0.926 of the EPA 
standard of 0.41 grams/mile; 

CARBON MONOXIDE: 5.494 gram/mile, which is 1.615 of the EPA 
standard of 3.40 grams/mile; 

NITROGEN OXIDES: 0.732 grams/mile, which is 0.73 the EPA 
standard of 1.00 grams/mile; 

CARBON DIOXIDE: 646.503 grams/mile, corresponding 
to about 93; 

OXYGEN: 0.53 to 0.73. 

(7.31) 

The latter tests established the important property that the combustion 
of natural gas emits about 2.5 times the C02 emitted by magnegas with­
out catalytic converter. Note that, as well known, natural gas exhaust 
without catalytic converter does not meet EPA requirements. 

As an additional comparison for the above measurements, a similar 
Honda car running on indolene (a version of gasoline) was tested in the 
same laboratory with the same EPA procedure, resulting in the following 
data: 
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4) Gasoline (indolene) exhaust measurements conducted on 
a two liter Honda KIA: 

HYDROCARBONS: 0.234 grams/mile equal to 9 times 
the corresponding magnegas emission; 

CARBON MONOXIDE: 1.965 grams/mile equal to 7.5 times 
the corresponding magnegas emission; 

NITROGEN OXIDES: 0.247 grams/mile equal to 0.86 times 
the corresponding magnegas emission; 

CARBON DIOXIDE: 458.655 grams/mile equal to 1.95 times 
the corresponding of magnegas emission, 

OXYGEN: No measurement available. 

(7.32) 

The above data establish the environmental superiority of magnegas over 
natural gas and gasoline. The following comments are now in order: 

1) Magnegas does not contain (heavy) hydrocarbons since it is created 
at 3,500° K. Therefore, the measured hydrocarbons are expected to be 
due to combustion of oil, either originating from magnegas compression 
pumps (thus contaminating the gas), or from engine oil. 

2) Carbon monoxide is fuel for magnegas (while being a combustion 
product for gasoline and natural gas). Therefore, any presence of CO in 
the exhaust is evidence of insufficient combustion. 

3) The great majority of measurements originate from the first and 
third parts of the EPA test at extreme performance, because, during 
ordinary city traffic, magnegas exhaust is essentially pollutant free, as 
shown in Fig. 7.13. 

4) Nitrogen oxides are not due, in general, to the fuel (whether mag­
negas or other fuels), but to the temperature of the engine and other 
factors, thus being an indication of the quality of its cooling system. 
Therefore, for each given fuel, including magnegas, NOx's can be de­
creased by improving the cooling system and via other means. 

5) The reported measurements of magnegas exhaust do not refer to 
the best possible combustion of magnegas, but only to the combustion of 
magnegas in a vehicle whose carburization was developed for natural gas. 
Alternatively, the test was primarily intended to prove that magnegas is 
interchangeable with natural gas without any major automotive changes, 
while keeping essentially the same performance and consumption. The 
measurements for combustion specifically conceived for magnegas are 
under way. 

We should also indicate considerable research efforts under way to 
further reduce the C02 content of magnegas exhaust via disposable car­
tridges of C02-absorbing chemical sponges placed in the exhaust system 
(patent pending). Additional research is under way via liquefi.ed mag­
negas obtained via catalytic (and not conventional) liquefaction, which 
liquid is expected to have an anomalous energy content with respect to 
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Hydrocarbons 

Carbon monoxide 

Carbon dioxide 

Nitrogen oxides 

Time 

Fig'ure 7.13. An illustration of the city part of the reported EPA test according 
to Regulation 40-CFR, Part 86, conducted at the Vehicle Certification Laboratory 
Liphardt & Associates of Long Island, New York on a Honda Civic Natural Gas 
Vehicle converted to magnegas by USMagnegas, Inc., of Largo, Florida. The first three 
diagrams illustrate the very low combustion emission of magnegas in city driving, by 
keeping in mind that most of measured emission is due to the heavy duty, hill climbing 
part of the EPA test. The fourth diagram on nitrogen oxides is an indication of 
insufficient cooling of the engine. The bottom diagram indicates the simulated speed 
of the car versus time, where flat tracts simulate idle portions at traffic lights. 

other liquid fuels, and an expected consequential decrease of pollutants. 
As a result of these efforts, the achievement of an exhaust essentially 
free of pollutants and C02, yet rich in oxygen, appears to be within 
technological reach. 

10. Anomalous Chemical Composition of 
Magnegas 

As studied in the preceding section, the chemical composition of the 
magnegas exhaust is fully known. However, the chemical composition 
of magnegas itself is unknown at this writing (spring of 2001). This 
unexpected occurrence, particularly for a light gas such as magnegas, is 
due to a variety of facts. 
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To begin, numerous tests in various analytic laboratories reviewed in 
Chapter 8 have established that the chemical composition of magnegas 
cannot be identified via conventional Gas Chromatographic Mass Spec­
trometric (GC-MS) measurements, since the gas results in being char­
acterized by large peaks in macroscopic percentage all the way to 1,000 
a.m.u. in molecular weight, which peaks remain individually unidentified 
by the MS computer after scanning all known molecules. 

As also reviewed in Chapter 8, the chemical structure of magnegas 
is equally unidentifiable via InfraRed Detectors (IRD), because the new 
peaks composing magnegas have no IR signature at all, thus establishing 
the presence of bonds of non-valence type (because these large clusters 
cannot possibly be all symmetric). 

Moreover, the IR signature of conventional molecules such as CO re­
sults in being mutated (in the language of hadronic mechanics) with the 
appearance of new peaks, which evidently indicate new internal bonds 
in conventional molecules. 

In addition to all the above, dramatic differences between the pre­
diction of quantum chemictry and physical reality exist for the energy 
content of magnegas. For instance, when produced with PlasmaArcFlow 
Reactors operating an electric arc between at least one consumable elec­
trode within pure water, quantum chemistry predicts that magnegas 
should be a mixture of 50% H2 and 50% CO, with traces of 02 and 
C02. 

This prediction is dramatically disproved by the fact that both the 
CO and the C02 peaks do not appear in the MS scan in the predicted 
percentages, while they appear in the IR scan although in a mutated 
form. 

Moreover, quantum chemistry predicts that the indicated composition 
consisting of 50% H2 and 50% CO should have an energy content of about 
315 BTU/ cf, namely, an energy content insufficient to cut metal. This 
prediction is also disproved by the experimental evidence that magnegas 
cuts metal at least 50% faster than acetylene (which has 2,300 BTU /cf). 

Such a performance in metal cutting is more indicative of a plasma 
cutting feature, such as the metal cutting via a plasma of ionized hydro­
gen atoms which recombine into H2 when cooling in the metal surface, 
thus releasing the energy needed for metal cutting. The problem is that 
magnegas is at room temperature when used for metal cutting, and it 
is subjected to ordinary combustion, thus requiring basically new ap­
proaches for its correct interpretation. 

Nevertheless, the plasma cutting feature is indicative of the presence 
of isolated atoms and dimers in the magnegas structure which recombine 
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Figure 7.14. A view of metal cutting via magnegas. Independent certifications by 
various users have established that: 1) magnegas has a pre-heat time at least half 
that by acetylene (which is currently used for metal cutting and has an energy con­
tent of 2,300 BTU /cf); 2) magnegas cuts metal at least 50% faster than acetylene; 3) 
the cut produced by magnegas is much smoother without edges as compared to that 
by acetylene; 4) magnegas exhaust does not contain carcinogenic or other toxic sub­
stances, while that of acetylene is perhaps the most carcinogenic and toxic of all fuels; 
5) magnegas cutting does not produce the "flash-back" (local explosion of paint over 
metal) typical of acetylene; 6) magnegas is dramatically safer than acetylene, which 
is unstable and one of the most dangerous fuels currently used; and 7) magnegas cost 
about 1/2 that of acetylene. 

under combustion, thus yielding a behavior and a performance similar 
to that of plasma cutters. 

In fact, as also shown later on, GC-MS scans have indicated the pres­
ence in the anomalous peaks of individual atoms of hydrogen, oxygen, 
and carbon evidently in addition to individual molecules. 

To conclude, the composition of magnegas in H, C and 0 atoms can 
be easily identified from the liquid used in the reactors. For instance, 
when magnegas is produced from water, it is composed of 503 H, 253 
0, and 253 C, with corresponding percentages for other liquids such as 
antifreeze, crude oil, etc. 

However, all attempts to reduce the chemical composition of magne­
gas to conventional molecules conducted by the author as well as in-
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dependent chemists, have been disproved by a variety of experimental 
evidence. 

In particular, any belief that magnegas is entirely composed by ordi­
nary molecules, such as H2 and CO, is disproved by experimental evi­
dence via GC-MS and IRD detectors. 

The only possible scientific conclusion at this writing is that magnegas 
is composed of a new chemical species studied in Chapter 8. 

11. Anomalous Energy Balance of Hadronic 
Molecular Reactors 

As is well known, the scientiflc efficiency of any equipment is under­
unity in the sense that, from the principle of conservation of the energy 
and the unavoidable energy losses, the ratio between the total energy 
produced and the total energy used for its production is smaller than 
one. 

For the case of magnegas production, the total energy produced is 
the sum of the energy contained in magnegas plus the heat acquired 
by the liquid, while the total energy available is the sum of the electric 
energy used for the production of magnegas plus the energy contained 
in the liquid recycled. Therefore, from the principle of conservation of 
the energy we have the scientific energy balance 

Total energy produced 

Total energy available 
Emg + Eheat l 
-~---<. 
Ee1ectr + Etiq 

(7.33) 

An important feature of hadronic reactors is that they are commercially 
over-unity, namely, the ratio between the total energy produced and 
only the electric energy used for its production, is bigger than one, 

Em9 + Etiq 
----~>1. 

Eelectr 
(7.34) 

In this commercial calculation the energy contained in the liquid is not 
considered because liquid wastes imply an income, rather than costing 
money. 

As a result, Santilli's hadronic molecular reactors can be viewed as 
reactors capable of tapping energy from liquid molecules, in much of the 
same way as nuclear reactors can tap energy from nuclei. An important 
difference is that the former reactors release no harmful radiation and 
leave no harmful waste, while the latter reactors do release harmful 
radiations and leave harmful waste. 

The energy used for the production of the carbon rod, the steel of 
the reactors, etc. is ignored in commercial over-unity (7.34) because its 
numerical value per cubic foot of magnegas produced is insignificant. 
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The commercial over-unity of hadronic reactors is evidently impor­
tant for the production of the combustible magnegas or magnetically 
polarized hydrogen (MagH™) at a price competitive over conventional 
fossil fuels. 

A first certification of the commercial over-unity (7.34) was done on 
September 18 and 19, 1998, for the very first, manually operated proto­
type of hadronic reactors by the independent laboratory Motorfuelers, 
Inc., of Largo, Florida, and included (see [8]): 

1) Calibrating the cumulative wattmeter provided by Watt Watchers, 
Inc., of Manchester, New Hampshire, which was used to measure the 
electric energy drawn from the power lines per each cubic foot of mag­
negas produced; 

2) The verification of all dimensions, including the volume of the col­
umn used for gas production, the volume of the liquid used in the process, 
etc.; 

3) Repetition of numerous measurements in the production of mag­
negas and its energy content, calculation of the average values, identifi­
cation of the errors, etc. 

During the two days of tests, Motorfuelers technicians activated the 
electric DC generator and produced magnegas, which was transferred 
via a hose to a transparent plexyglass tower filled up with tap water, 
with marks indicating the displacement of one cubic foot of water due 
to magnegas production. 

After the production of each cubic foot, the gas was pumped out of 
the tower, the tower was replenished with water, and another cubic foot 
of magnegas was produced. The procedure was repeated several times 
to have sufficient statistics. The electric energy from the electric panel 
required to produce each cubic foot of magnegas was measured via the 
previously calibrated cumulative wattmeter. 

As a result of several measurements, Motorfuelers, Inc. certified [8] 
that the production of one cubic foot of magnegas with the first proto­
type required an average electric energy of 

Eelectr = 122 W /cf= 416 BTU/ cf ± 5%. (7.35) 

It should be stressed that this is the electric energy from the electric 
panel, thus including the internal losses of the DC rectifier. Alterna­
tively, we can say that the arc is served by only 65% of the measured 
electric energy, corresponding to 

Eetectr = 79.3 W/cf = 270 BTU/cf. (7.36) 

The energy content of magnegas was measured on a comparative basis 
with the BTU content of natural gas (1,050 BTU /cf). For this purpose, 
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technicians of M otorfuelers, Inc., used two identical tanks, one of natural 
gas and one of magnegas, at the same initial pressure of 110 psi. Both 
tanks were used for 5 psi pressure decreases, under the same gas flow, 
to increase the temperature of the same amount of water in the same 
pot at the same initial temperature. The ratio of the two temperature 
increases is evidently proportional to the ratio of the respective BTU 
contents. 

Following several measurements, Motorfuelers, Inc. certified [8] that 
magnegas produced from the antifreeze waste used in the reactor has 
about 803 of the BTU content of natural gas, corresponding to 

Em9 = 871 BTU/cf ± 53. (7.37) 

All other more scientific tests of BTU content of magnegas conducted 
at various academic and industrial laboratories failed to yield meaningful 
results due to the energy content of magnegas for various reasons. De­
spite their empirical character, the measurement of BTU content done 
by Motorfuelers, Inc., remains the most credible one. 

It should be noted that the value of 871 BTU /cf is a lower bound. 
In fact, automotive tests reviewed in Sect. 7.9 have established that the 
2nergy output of internal combustion engines powered by magnegas is 
fully equivalent to that of natural gas, thus yielding a realistic value of 
1bout 

Emg = 1, 000 BTU /cf. (7.38) 

During the tests, it was evident that the temperature of the liquid 
.vaste in the reactor experienced a rapid increase, to such an extent that 
;he tests had to be stopped periodically to cool down the equipment, in 
)rder to prevent the boiling of the liquid with consequential damage to 
;he seals. 

Following conservative estimates, technicians of Motorfuelers, Inc., 
:ertified [8] that, jointly with the production of 1 cf of magnegas, there 
;vas the production of heat in the liquid of 285 BTU/ cf plus 23 BTU/ cf 
Jf heat acquired by the metal of the reactor itself, yielding 

Eheat = 308 BTU/ cf. (7.39) 

In summary, the average electric energy of 122 W = 416 BTU cali­
Jrated from the electric panel produced one cf of magnegas with 871 
3TU /cf, plus heat in the liquid conservatively estimated to be 308 
3TU /cf. These independent certifications established the following com­
nercial over-unity of the first, manually operated hadronic reactor within 
t:53 error: 

871 BTU /cf+ 308 BTU /cf= 
2

.83. 
416 BTU/cf 

(7.40) 
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Note that, if one considers the electric energy used by the arc itself 
corresponding to 79.3 W /cf= 270 BTU /cf), we have the following com­
mercial over-unity: 

871 BTU /cf+ 285 BTU /cf 
270 BTU /cf = 4·

35
· 

(7.41) 

In releasing the above certification, Motorfuelers, Inc., noted that the 
arc had a poor efficiency, because it was manually operated, thus result­
ing in large variation of voltage, at times with complete disconnection 
of the process and need for its reactivation. 

M otorfuelers technicians also noted that the BTU content of magne­
gas, Eq. (7.37), is a minimum value, because measured in comparison 
to natural gas, not with a specially built burner, but with a commer­
cially available burner that had large carbon residues, thus showing poor 
combustion, while the burner of natural gas was completely clean. 

Immediately after the above certification of commercial over-unity, a 
number of safety and health measurements were conducted on hadronic 
molecular reactors, including measurements on the possible emission of 
neutrons, hard photons, and other radiation. 

David A. Hernandez, Director of the Radiation Protection Associates, 
in Dade City, Florida conducted comprehensive measurements via a 
number of radiation detectors placed around the reactor, with partic­
ular reference to the only radiations that can possibly escape outside 
the heavy gauge metal walls, low or high energy neutrons and hard pho­
tons. 

Under the presence of eyewitnesses, none of the various counters 
placed in the immediate vicinity of the reactor showed any measurement 
of any radiation at all. As a result, Radiation Protection Associates re­
leased an official Certificate stating that: 

"Santilli's PlasmaArcFlow™ Reactors met and exceed the regulatory regu­
lations set forth in Florida Administrative Code, Chapter 64-E. Accordingly, 
the reactors are declared free of radiation leakage." 

Subsequent certifications of more recent hadronic reactors operating 
at atmospheric pressure with 50 kW and used to recycled antifreeze 
waste, this time done on fully automated reactors, have produced the 
following measurements: 

Em9 = 871 BTU /cf, 

E1iq = 326 BTU I cf, 

Eelectr = 100 W /cf= 342 BTU /cf, 

(7.42a) 

(7.42b) 

(7.42c) 
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resulting in the following commercial over-unity of automatic reactors 
recycling antifreeze with about 50 kW and at atmospheric pressure: 

871 BTU /cf+ 326 BTU /cf 
342 BTU/cf = 

3
·
5

· 
(7.43) 

When ordinary tap water is used in the reactors, various measurements 
have established a commercial over-unity of about 2.78. 

It should be indicated that the commercial over-unity of the had­
ronic reactors increases nonlinearly with the increase of the kilo Watts, 
pressure and temperature. Hadronic reactors with 250 kW are under 
construction for operation at 250 psi and 400° F. The latter reactors 
have a commercial over-unity considerably bigger than (7.43). 

The origin of the commercial over-unity (7.43) is quite intriguing and 
not completely known at this writing. In fact, conventional chemical 
structures and reactions have been studied by Aringazin and Santilli [9] 
and shown not to be sufficient for a quantitative explanation, thus re­
quiring a new chemistry. 

Following Aringazin and Santilli [9], our first task is to compute the 
electric energy needed to create one cubic foot of plasma in the Plasma­
ArcFlow reactors as predicted by conventional quantum chemistry. Only 
after identifying the deviations of the experimental data from these pre­
dictions, the need for the covering hadronic chemistry can be properly 
appraised. 

For these objectives we make the following assumptions. First, we 
consider PlasmaArcFlow reactor processing distilled water with the DC 
arc occurring between a consumable pure graphite cathode and a non­
consumable tungsten anode. As indicated earlier, said reactors yield a 
commercial over-unity also when used with pure water. Therefore, quan­
tum chemical predictions can be more effective studied in this setting 
without un-necessary ambiguities. We also assume that water and the 
30lid graphite rod are initially at 300° K and that the plasma created 
by the DC electric arc is at 3,300° K. 

The electric energy needed to create one cubic foot of plasma must 
perform the following transitions (see Appendix 7.A for basic units and 
~heir con versions): 

1) Evaporation of water according to the known reaction 

H20(liquid) --t H20(vapor) 10.4 Kcal/mole, (7.44) 

2) Separation of the water molecule, 

(7.45) 
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3) Separation of the hydrogen molecule, 

H2 ---+ H + H - 104 Kcal/mole, (7.46) 

4) Ionization of H and 0, yielding a total of 1,197 Kcal. 
We then have the evaporation and ionization of the carbon rod, 

C(solid) ---+ C(plasma) - 437 Kcal/mole, 

resulting in the total 1,634 Kcal for 4 moles of plasma, i.e. 

408.5 Kcal/mol = 0.475 kWh/mol = 1621 BTU /mol = 

= 515.8 Kcal/cf= 0.600 kWh/cf= 2, 047 BTU /cf, 

(7.47) 

(7.48) 

to which we have to add the electric energy needed to heat up the non­
consumable tungsten anode which is estimated to be 220 BTU/ cf, re­
sulting in the total of 2,267 BTU/ cf. This total, however, holds at the 
electric arc itself without any loss for the creation of the DC current 
from conventional alternative current. By assuming that rectifiers, such 
as the welders used in PlasmaArcFlow reactors have an efficiency of 70%, 
we reach the total electric energy from the source needed to produce one 
cubic foot of plasma 

Total Electric Energy = 3, 238 BTU/ cf = 949 W /cf. (7.49) 

We now compute the total energy produced by PlasmaArcFlow re­
actors according to quantum chemistry. For this purpose we assume 
that the gas produced is composed of 50% hydrogen and 50% carbon 
monoxide with ignorable traces of carbon dioxide. The latter is indeed 
essentially absent in PlasmaArcFlow reactors, as indicated earlier. In 
addition, C02 is not combustible. Therefore, the assumption of ignor­
able C02 in the gas maximizes the prediction of energy output according 
to quantum chemistry, as desired. 

Recall that the glow of underwater arcs is mostly due to the combus­
tion of hydrogen and oxygen back into water which is absorbed by the 
water surrounding the arc and it is not present in appreciable amount in 
the combustible gas bubbling to the surface. Therefore, any calculation 
of the total energy produced must make an assumption of the percent­
age of the original H and 0 which recombine into H20 (the evidence of 
this recombination is established by the production of water during the 
recycling of any type of oil by the hadronic reactors). 

In summary, the calculation of the energy produced by the Plasma­
ArcFlow reactors requires: the consideration of the cooling down of the 
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plasma from 3,300° K to 300° K with consequential release of energy; 
the familiar reactions 

H + H -+ H2 + 104 Kcal/mole, 

1 
H2 + 202 -+ H20 + 57 Kcal/mole, 

C + 0 -+ CO + 255 Kcal/mole. 

(7.50a) 

(7.50b) 

(7.50c) 

Under the assumption of 1003 efficiency (that is, no recombination of 
water), the total energy produced is given by 

398 Kcal/mole= 1, 994 BTU /cf. (7.51) 

By assuming that the entire energy needed to heat up the non-consu­
mable tungsten is absorbed by the liquid surrounding the electric arc in 
view of its continuous cooling due to the PlasmaArcFlow, we have the 
total heat energy of 2,254 BTU /cf. 

In addition, we have the energy content of the combustible gas pro­
duced. For this purpose we recall the following known reactions: 

1 
H2(mg) + 

2
02(atm) -+ H20 + 57 Kcal/mole, (7.52a) 

1 
CO(mg) + 

2
02(atm) -+ C02 + 68.7 Kcal/mole. (7.52b) 

Consequently, the 503-503 mixture of conventional gases H2 and CO 
has the following 

Conventional energy content of magnegas produced from water = 

= 62.8 Kcal/mole= 249.19 BTU /mole= 315 BTU /cf. (7.53) 

Therefore, the total energy output of the PlasmaArcFlow Reactors is 
given by 

E(mg) + E(heat) = 315 BTU /cf+ 2, 254 BTU /cf= 2, 569 BTU /cf. 
(7.54) 

It then follows that the energy efficiency of the PlasmaArcFlow reactors 
is under-unity for the case of maximal possible efficiency, 

Energy efficiency predicted by quantum chemistry = 

Total energy out = Emg + Eheat = 2, 569 BTU/cf= 
0

_
79

_ (
7

.
55

) 
Electric energy in Eelectr 3, 238 BTU/ cf 

It is possible to show that, for the case of 503 efficiency (i.e., when 
503 of the original H and 0 recombine into water) the total energy 
)Utput evidently decreases. For detail, we refer the interested reader to 
t\.ringazin and Santilli [9]. 
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12. Concluding Remarks 

The most important experimental evidence presented in this chapter 
is the independent certification of hadronic reactors of molecular type 
as being commercially over-unity, that is, the ratio between the total 
energy produced and the electric energy needed for its production is 
much larger than one. 

The principle of conservation of the energy then establishes that the 
missing energy originates from the recycled liquids, namely, that said 
hadronic reactors can tap energy from liquids beginning with water, and 
then having bigger energy efficiencies for liquids rich in H, C and 0, such 
as those of fossil origin. 

The above experimental reality has been released by the U.S. public 
company EarthFirst Technologies, Inc., following numerous verifications 
by independent laboratories. As an example, the measurement of the 
crucial electric energy used for the production of one cubic foot of magne­
gas was released following the intervention of: the company producing 
the cumulative wattmeters used in the measurements, Watt Watchers, 
Inc., from New Hampshire; an independent company which verified the 
calibration of said wattmeters, Tampa Transformers, Inc.; the company 
producing the welders used to power the reactors, Miller Corporation, 
to verify that the selected measurements of Watts absorption was accu­
rate for their power source; an independent laboratory which actually 
conducted all measurements, Motorfuelers, Inc. of Clearwater, Florida; 
and scientists of the Institute for Basic Research, Palm Harbor, Florida, 
which supervised the organization of the measurements and verified all 
results. 

The most important information presented in the preceding section 
is that quantum mechanics and chemistry prohibit the production of 
energy from the recycling of liquids, whether water or not, thus resulting 
in a dramatic disagreement with experimental evidence on an issue of 
such a societal relevance as the need for new clean energy. 

Additional dramatic disagreements exist between the predictions of 
quantum mechanics and chemistry and experimental data on the energy 
efficiency. In fact, as illustrated in detail in the preceding section, quan­
tum mechanics and chemistry predict the need of 3,238 BTU/ cf = 949 
W /cf to yield one cf of H2 and CO in one-to-one ratio. The same disci­
plines predict that the total energy produced is given by 2,569 BTU/ cf. 

Comparison of these theoretical predictions with experimental data on 
PlasmaArcFlow reactors operating with water establishes the following 
dramatic departures: 
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1) The electric energy predicted to produce one cubic foot of magne­
~as, 949 W /cf, is almost ten times the electric energy actually measured 
1t the source, yielding a ten-fold error in excess; 

2) the heat energy predicted to be released during the formation of 
nagnegas, 1,994 BTU /cf, is also about ten times that actually measured 
.n the reactor, yielding a ten-fold error in defect; and 

3) the energy content predicted for magnegas produced from water, 
HS BTU /cf, is at least half the value actually measured, yielding a 
~wo-fold error in defect. 

It is evident that all these deviations are excessively large to permit 
~redible accommodations of experimental data with established doc­
;rines. Therefore, hadronic reactors of molecular type constitute the 
;trongest evidence of the need for covering theories so as to adapt the 
;heories to reality. 

In particular, the experimental evidence establishes the need for: 
1) A new mechanics, superconductivity and chemistry for quantita­

;ive interpretation of the separation of water and other liquids with a 
Jositive energy balance. The line of research here adopted is that via 
1adronic theories as outlined in Sect. 7.7, thus centrally dependent on 
~ontact, nonpotential, nonhamiltonian, and nonunitary effects since, as 
cecalled earlier, the indicated positive energy balance is impossible for 
Hamiltonian theories. Studies along the indicated lines are in progress 
:i,nd will be reported at some future time. 

2) A new chemical species capable or representing the anomalous en­
jrgy content and behavior of magnegas. These studies are outlined in 
che next chapter. 

3) New technologies for the combustion, compression and liquefaction 
Jf magnegas, which are outlined in Ref. [8]. 

It is evident that the achievement of an in depth knowledge of the 
:i,bove aspect will permit their optimization thus resulting in significant 
:i,dvances toward the societal needs for new clean energies and fuels. 
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APPENDIX 7.A 

Table 1.A.1. Basic units and their conversions. 

1 kWh 860 Kcal = 3413 BTU 1 cf 28.3 liters 
1 Kcal 3.97 BTU 1 cf' 1.263 mol 
1 eV 3.83x10-23 Kcal NA 6.022x1023 mo1- 1 

1 cal 4.18 J NAk/2 1 cal/(mol·K) 
1 molea 22.4 liters = 0.792 cf R 8.314 J/(mol·K) = 1.986 cal/(mol·K) 

a An ideal gas, at normal conditions. 

Table 1.A.2. Specific heat capacities. p = 1 atm, T = 25° C. 

H2(gas) 
H20 (liquid) 
Graphite (solid) 
02 (gas) 
H (gas) 
0 (gas) 
Fe (solid) 

29.83 J/(mol·K) 
4.18 J/(gram·K) 
0.71 J/(gram·K) 
29.36 J/(gram·K) 
14.3 J/(gram·K) 
0.92 J/(gram·K) 
0.45 J/(gram·K) 

7 cal/(mol·K) 
1 cal/(gram·K) 
0.17 cal/(gram·K) 
7 cal/(gram·K) 
3.42 cal/(gram·K) 
0.22 cal/(gram·K) 
0.11 cal/(gram·K) 

Table 1.A.3. Average binding energies, at T=25° C. 

Kca.l/mol Kcaljmol 
H-H 104.2a C=O 192.0(f 0=0 
C-C 82.6 0-H 110.6 C=C 

18 cal/(mol·K) 
2 cal/(mol·K) 

6 cal/(mol·K). 

Kcaljmol 
119.1° 
145.8 

C-0 85.5 C:=C 199.6 C=O 255.8c 

a in Ih; b in 02; c in carbon monoxide; 11 in carbon dioxide. 

Table 7.A.4. Evaporation heats and first ionization potentials. 

Water 
Graphite 

Kcaljmol 
10.4 
171.7 

Atoms 
H 
c 
0 

eV 
13.6 
11.26 
13.6 
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Chapter 8 

THE NEW CHEMICAL SPECIES OF 
MAGNECULES 

1. Introduction 
The only chemical species with a clearly identified bond which was 

known prior to the advent of hadronic chemistry was that of molecules 
and related valence bonds, whose identification dates back to the 19-th 
century, thanks to the work by Avogadro (1811), Canizzaro (1858), and 
several others, following the achievement of scientific measurements of 
atomic weights. 

Various candidates for possible additional chemical species are also 
known, such as the delocalized electron bonds. However, none of them 
possess a clearly identified attractive force clearly distinct from the va­
lence. 

Also, as recalled in Chapter 7, various molecular clusters have been 
studied in more recent times, although they either are unstable or miss 
a precise identification of their internal attractive bond. 

An example of unstable molecular cluster occurs when the internal 
bond is due to an electric polarization of atomic structures, that is, a 
deformation from a spherical charge distribution without a net electric 
charge to an ellipsoidical distribution in which there is the predominance 
of one electric charge at one end and the opposite charge at the other 
end, thus permitting atoms to attract each other with opposite electric 
polarities. The instability of these clusters then follows from the known 
property that the smallest perturbation causes nuclei and peripheral 
electrons to reacquire their natural configuration, with the consequential 
loss of the polarization and related attractive bond. 

An example of molecular clusters without a clear identification of 
their internal attractive bond is given by ionic clusters. In fact, ionized 
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molecules have the same positive charge and, therefore, they repel, rather 
than attract, each other. As a result, not only the internal attractive 
bond of ionic clusters is basically unknown at this writing, but, when 
identified, it must be so strong as to overcome the repulsive force among 
the ions constituting the clusters. 

In 1998, R.M. Santilli [1] submitted the hypothesis of a new type of 
stable clusters composed of molecules, dimers and atoms under a new, 
clearly identified, attractive internal bond which permits their industrial 
and practical use. The new clusters were called magnecules (patents 
pending) because of the dominance of magnetic effects in their forma­
tion, as well as for pragmatic needs of differentiations with the ordinary 
molecules, with the understanding that a technically more appropriate 
name would be electromagnecules. 

Thanks to an invaluable support by Leon Toups, President of Toups 
Technologies Licensing, Inc., a public company in Largo, Florida, the 
new chemical species of magnecules received, also in 1998 [1], numerous 
experimental verifications. Additional experimental verifications and in­
dustrial developments have been more recently conducted at EarthFirst 
Technologies, Inc., the new denomination of Toups Technologies Licens­
ing, Inc. (EFTI [2]), under the presidency of John Stanton, which com­
pany controls the world wide patent rights via its subsidiaries for their 
respective geographical areas USMagnegas, Inc., Largo, Florida, Euro­
Magnegas, Ltd., London England, and AsiaMagnegas, Lim., Hong Kong, 
under the presidency of Leon Toups. 

This chapter is dedicated to the review of the basic notions underly­
ing the new chemical species of magnecules, their experimental detec­
tion, their industrial implications, and the resulting new technology of 
magnetically polarized fuels [2]. 

The following terminology will be used herein: 
1) The word atom is used in its conventional meaning as denoting a 

stable atomic structure, such as a hydrogen, carbon or oxygen, irrespec­
tive of whether the atom is ionized or not and paramagnetic or not. 

2) The word dimer is used to denote part of a molecule under a valance 
bond, such as H-0, H-C, etc., irrespective of whether the dimer is ion­
ized or not, and whether it belongs to a paramagnetic molecule or not; 

3) The word molecule is used in its internationally known meaning of 
denoting stable clusters of atoms under conventional, valence, electron 
bonds, such as H2, H20, C2H2, etc., irrespective of whether the molecule 
is ionized or not, and paramagnetic or not; 

4) The word magnecule is used to denote stable clusters of two or more 
molecules, and/or dimers and/or atoms and any combination thereof 
formed by a new internal attractive bond of primarily magnetic type 
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identified in detail in this chapter; the word magnecular will be used in 
reference to substances with the structure or features of magnecules; 

5) The words chemical species are used to denote an essentially pure 
population of stable clusters with the same internal bond, thus imply­
ing the conventional chemical species of molecules as well as that of 
magnecules, under the condition that each species admits an ignorable 
presence of the other species. 

In this chapter we study the theoretical prediction permitted by hadro­
nic mechanics and chemistry of the new chemical species of magnecules 
and its experimental verifications, which were apparently presented for 
the first time by Santilli in memoir [1] of 1998. 

2. The Hypothesis of Magnecules 
The main hypothesis, studied in details in the rest of this Chapter, 

can be formulated as follows: 

DEFINITION 8.2.1 (patent pending) [1]: Magnecules in gases, 
liquids, and solids consist of stable clusters composed of conventional 
molecules, and/or dimers, and/or individual atoms bonded together by 
opposing magnetic polarizations of the orbits of at least the peripheral 
atomic electrons when exposed to sufficiently strong external magnetic 
fields, as well as the polarization of the intrinsic magnetic moments of 
nuclei and electrons. A population of magnecules constitutes a chemi­
cal species when essentially pure, i.e., when molecules or other species 
are contained in very small percentages in a directly identifiable form. 
Magnecules are characterized by, or can be identified via the following 
main features: 

I) Magnecules primarily exist at large atomic weights where not ex­
pected, for instance, at atomic weights which are ten times or more the 
maximal atomic weight of conventional molecular constituents; 

II) Magnecules are characterized by large peaks in macroscopic per­
centages in mass spectrography, which peaks remain unidentified follow­
ing a search among all existing molecules; 

III) Said peaks admit no currently detectable infrared signature for 
gases and no ultraviolet signature for liquids other than those of the 
conventional molecules and/or dimers constituting the magnecule; 

IV) Said infrared and ultraviolet signatures are generally altered (a 
feature called "mutation") with respect to the conventional versions, 
thus indicating an alteration (called infrared or ultraviolet mutation) of 
the conventional structure of dimers generally occurring with additional 
peaks in the infrared or ultraviolet signatures not existing in conventional 
configurations; 
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V) Magnecules have an anomalous adhesion to other substances, which 
results in backgrounds (blank) following spectrographic tests which are 
often similar to the original scans, as well as implying the clogging of 
small feeding lines with consequential lack of admission into analytic 
instruments of the most important magnecules to be detected; 

VI) Magnecules can break down into fragments under sufficiently en­
ergetic collisions, with subsequent recombination with other fragments 
and/ or conventional molecules, resulting in variations in time of spec­
trographic peaks (called time mutations of magnecular weights); 

VII) Magnecules can accrue or lose during collision individual atoms, 
dimers or molecules; 

VIII) Magnecules have an anomalous penetration through other sub­
stances indicating a reduction of the average size of conventional mole­
cules as expected under magnetic polarizations; 

IX) Gas magnecules have an anomalous solution in liquids due to new 
magnetic bonds between gas and liquid molecules caused by magnetic 
induction; 

X) Magnecules can be formed by molecules of liquids which are not 
necessarily solvable in each other; 

XI) Magnecules have anomalous average atomic weights in the sense 
that they are bigger than that of any molecular constituent and any of 
their combinations; 

XII) A gas with magnecular structure does not follow the perfect 
gas law because the number of its constituents (Avogadro number), or, 
equivalently, its average atomic weight, varies with a sufficient variation 
of the pressure; 

XIII) Substances with magnecular structure have anomalous physical 
characteristics, such as anomalous speciflc density, viscosity, surface ten­
sion, etc., as compared to the characteristics of the conventional molec­
ular constituents; 

XIV) Magnecules release in thermochemical reactions more energy 
than that released by the same reactions among unpolarized molecular 
constituents; 

XV) All the above characteristic features disappear when the mag­
necules are brought to a sufficiently high temperature, which varies from 
species to species, called Curie Magnecular Temperature; in particular, 
combustion eliminates all magnetic anomalies resulting in an exhaust 
without magnecular features. 

Magnecules are also called: elementary when only composed of two 
molecules; magneplexes when entirely composed of several identical 
molecules; and magneclusters when composed of several different mo­
lecules. 
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The primary objective of this chapter is, first, to study the characteris­
tic features of magnecules from a theoretical viewpoint, and then present 
at least two independent experimental verifications for each feature. 

The reader should keep in mind that magnegas, the new, clean com­
bustible gas developed by USMagnegas, Inc. [2], of Largo, Florida, has 
precisely a magnecular structure from which it derives its name. Never­
theless, we shall identify in this chapter other gases, liquids and solids 
with a magnecular structure. 

By denoting the conventional valence bond with the symbol "-" and 
the new magnetic bond with the symbol " x", examples of elementary 
magnecules in gases and liquids are respectively given by 

{H-H} x {H-H}, {O O} x {O-C-0}, etc., 

{C1s-H20 O} x {C1s-H20 O}, etc.; 

(8.la) 

(8.lb) 

examples of magneplexes in gases and liquids are respectively given by 

{H-H} x {H-H} x {H-H} x ... , etc., 

{H-0-H} x {H-0-H} x ... , etc.; 

and examples of magneclusters are given by 

(8.2a) 

(8.2b) 

{H - H} x {C - O} x {O - C O} x {C = O} x ... , etc., (8.3a) 

{C13-H1s-O} x {C14 H12-03} x {C1s-H20-0} x ... , etc. (8.3b) 

A generic representation of a gas magnecules requires the presence of 
individual atoms and dimers, such as: 

{H-H} x {C O} x H x {H-0-H} x C x {H-0} x ... , etc. (8.4) 

One of the most important features of magnecules is their anomalous 
release of energy in thermochemical reactions (Feature XIV of Defini­
tion 8.2.1), in view of its evident importance for the industrial develop­
ment of new clean fuels such as magnegas (Sects. 7.10 and 7.11). 

As we shall see in detail later on, this feature is crucially dependent 
on the existence within the magnecules of individual atoms, such as H, 
C and 0, and/or individual unpaired dimers, such as H--0 and H-C. In 
fact, at the breakdown of the magnecules due to combustion, these indi­
vidual atoms and dimers coupled themselves into conventional molecules 
via known exothermic reactions such as 

H + H _, H2 + 105 Kcal/mole, 
C + 0 _, CO + 255 Kcal/mole, 

H-0 + H _, H20 + 28 Kcal/mole, etc., 
(8.5) 
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with consequential release during combustion of a large amount of energy 
that does not exist in fuels with a conventional molecular structure. 

In reading this chapter, the reader should keep in mind that, in view 
of the above important industrial, consumer and environmental implica­
tions, a primary emphasis of the presentation is the study of magnecules 
with the largest possible number of unpaired atoms and dimers, rather 
than molecules. 

In inspecting the above representation of magnecules, the reader 
should also keep in mind that their linear formulation in a row is used 
mainly for practical purposes. In fact, the correct formulation should be 
via columns, rather than rows, since the bond occurs between one atom 
of a given molecule and an atom of another molecule, as we shall see in 
detail later on. 

3. The Five Force Fields Existing in Atoms 
The attractive bond responsible for the creation of magnecules orig­

inates within the structure of individual atoms. Therefore, it is recom­
mendable to initiate our study via the identification of all force fields 
existing in a conventional atomic structure. 

The sole fields in the atomic structure studied by chemists prior to 
Ref. [1] were the intrinsic electric and magnetic fields of electrons and 
nuclei (see Fig. 8.1.A). It was proved a century ago that these fields can 
only produce valence bonds, thus explaining the reason why molecules 
were the only form of atomic clustering with a clear bond admitted by 
chemistry until recently. 

Santilli's [1] main contribution has been the identification of a new 
force fleld in the atomic structure, which is sufficiently strong to permit 
a new chemical species. 

Since the inception of atomic physics, the electron of the hydrogen 
atom (but not necessarily peripheral electrons of more complex atoms) 
has been assumed to have a spherical distribution, which is indeed the 
case for isolated and unperturbed atomic structures (see also Fig. 8.1.A). 

However, electrons are charged particles, and all charges rotating in a 
planar orbit create a magnetic field in the direction perpendicular to the 
orbital plane, and such to exhibit the North polarity in the semi-space 
seeing a counter-clockwise rotation (see Fig. 8.1.B). 

A main point of Ref. [1] is that the distribution in space of electron 
orbits is altered by sufficiently strong external magnetic fields. In par­
ticular, the latter cause the transition from the conventional spherical 
distribution to a new distribution with the same cylindrical symmetry 
of the external field, and such to exhibit magnetic polarities opposite to 
the external ones (Fig. 8.1. C). 
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A c,___/_ _s _7 

B 

,_____[ -" 7 
Figure 8.1. A schematic view of the force fields existing in the hydrogen atom. 
Fig. 8.1.A depicts an isolated hydrogen atom in its conventional spherical configu­
ration when at absolute zero degree temperature, in which the sole force fields are 
given by the electric charges of the electron and of the proton, as well as by the in­
trinsic magnetic moments of the same particles. Fig. 8.1.B depicts the same hydrogen 
atom in which the orbit of the peripheral electron is polarized into a plane. In this 
case there is the emergence of a fifth field, the magnetic dipole moment caused by 
the rotation of the electron in its planar orbit. Fig. 8.1.C depicts the same hydrogen 
atom under an external magnetic field which causes the transition from the spherical 
distribution of the peripheral electron as in Fig. 8.1.A to a new distribution with the 
same cylindrical symmetry as that of the external field, and such to offer magnetic 
polarities opposite to the external ones. In the latter case, the polarization generally 
occurs within a toroid, and reaches the perfectly planar configuration of Fig. 8.1.B 
only at absolute zero degree temperature or under extremely strong magnetic fields. 

Therefore, the magnetic fields of atoms are not solely given by the 
intrinsic magnetic fields of the peripheral electrons and of nuclei be­
cause, under the application of a sufficiently strong external magnetic 
field, atoms exhibit the additional magnetic moment caused by a polar­
ization of the electron orbits. This third magnetic field was ignored by 
chemists until 1998 (although not by physicists) because nonexistent in 
a conventional atomic state. 

As a matter of fact, it should be recalled that orbits are naturally 
planar in nature, as established by planetary orbits, and they acquire 
a spherical distribution in atoms because of various quantum effects, 
e.g., uncertainties. Therefore, in the absence of these, all atoms would 
naturally exhibit flve force fields and not only the four fields currently 
assumed in chemistry. 
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On historical grounds it should be noted that theoretical and experi­
mental studies in physics of the hydrogen atom subjected to an external 
(homogeneous) magnetic field date to Schrodinger's times. 

4. Magnecules Internal Bonds 
In the preceding section we have noted that a sufficiently strong ex­

ternal magnetic field polarizes the orbits of peripheral atomic electrons 
resulting in a magnetic field which does not exist in a conventional spher­
ical distribution. Needless to say, the same external magnetic fields also 
polarize the intrinsic magnetic moments of the peripheral electrons and 
of nuclei, resulting into three net magnetic polarities available in an 
atomic structure for a new bond. 

When considering molecules, the situation is different because valence 
electrons are bonded in singlet couplings to verify Pauli's exclusion prin­
ciple, as per our hypothesis of the isoelectronium of Chapter 4. As a re­
sult, their net magnetic polarities can be assumed in first approximation 
as being null. In this case, only two magnetic polarities are available for 
new bonds, namely, the magnetic field created by the rotation of paired 
valence electrons in a polarized orbit plus the intrinsic magnetic field of 
nuclei. 

It should be noted that the above results persist when the inter­
electron distance of the isoelectronium assumes orbital values. In this 
case the total intrinsic magnetic moment of the two valence electrons is 
also approximately null in average due to the persistence of antiparallel 
spins and, therefore, antiparallel magnetic moments, in which absence 
there would be a violation of Pauli's exclusion principle. 

The calculation of these polarized magnetic moments at absolute zero 
degree temperature is elementary [l]. By using rationalized units, the 
magnetic moment Me-orb· of a polarized orbit of one atomic electron is 
given by the general quantum mechanical law: 

q 
Mc-orb. = 2m Lµ, (8.6) 

where L is the angular momentum, µ is the rationalized unit of the 
magnetic moment of the electron, q = -e, and m me. 

It is easy to see that the magnetic moment of the polarized orbit of 
the isoelectronium with characteristics ( 4.25) coincides with that of one 
individual electron. This is due to the fact that, in this case, in Eq. (8.6) 
the charge in the numerator assumes a double value q = -2e, while the 
mass in the denominator also assumes a double value, m = 2me, thus 
leaving value (8.6) unchanged. 
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By plotting the various numerical values for the ground state of the 
hydrogen atom, one obtains: 

Mc-orb. = Misoc-orb. = 1, 859.59µ. (8.7) 

By recalling that in the assumed units the proton has the magnetic 
moment 1.4107 µ, we have the value [1]: 

Mc-orb. 

Mr-intr. 

1, 856.9590 - 3 
1.4107 - 1, 16.33, (8.8) 

namely, the magnetic moment created by the orbiting in a plane of the 
electron in the hydrogen atom is 1,316 times bigger than the intrinsic 
magnetic moment of the nucleus, thus being sufficiently strong to create 
a bond. 

It is evident that the polarized magnetic moments at ordinary tem­
perature are smaller than those at absolute zero degrees temperature. 
This is due to the fact that, at ordinary temperature, the perfect po­
larization of the orbit in a plane is no longer possible. In this case the 
polarization occurs in a toroid, as illustrated in Fig. 8.2, whose sectional 
area depends on the intensity of the external field. 

As an illustrative example, under an external magnetic field of 10 Tes­
la, an isolated hydrogen atom has a total magnetic field of the following 
order of magnitude: 

MH-tot. = Mp-intr. + Mc-intr. + Mc-orb. ::::; 3, 000µ, (8.9) 

while the same hydrogen atom under the same conditions, when a com­
ponent of a hydrogen molecule has the smaller value 

MH2-tot. = Mp-intr. + Misoe-orb. ::::; 1, 500µ, (8.10) 

again, because of the absence of the rather large contribution from the 
intrinsic magnetic moment of the electrons, while the orbital contribu­
tion remains unchanged. 

The above feature is particularly important for the study of mag­
necules and their applications because it establishes the theoretical foun­
dations for the presence of isolated atoms in the structure of magnecules 
since the magnetic bonds of isolated atoms can be at least twice stronger 
than those of the same atoms when part of a molecule. 

An accurate independent verification of the above calculations was 
conducted by M.G. Kucherenko and A.K. Aringazin [3], who obtained 
the following value via the use of alternative models, 

Mc-orb. ::::; 1, 315µ. 
Mp-intr. 

(8.11) 
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Pig'Ure 8.2. A schematic view of the magnetic fields of the isochemical model of the 
hydrogen molecule with isoelectronium assumed to be a stable quasi-particle. The top 
view represents the molecule at absolute zero degree temperature with polarization 
of the orbit in a plane, while the bottom view represents the molecule at ordinary 
temperature with a polarization of the orbit within a toroid. In both cases there is the 
disappearance of the total intrinsic magnetic moments of the electrons because they 
are coupled in the isoelectronium with antiparallel spin and magnetic moments due to 
Pauli's exclusion principle. The lack of contribution of the intrinsic magnetic moments 
of the electrons persists even when the isoelectronium has dimension much bigger 
than 1 fm, because the antiparallel character of the spins and magnetic moments 
persists, resulting in an average null total intrinsic magnetic moment of the electrons. 
Therefore, the biggest magnetic moment of the hydrogen molecule which can be 
obtained via polarizations is that of the electrons orbits. Note, as recalled in Sect. 4.2, 
the oo-shaped (also called figure eight) configuration has been recently proved in 
mathematics to be one of the most stable solutions of the N-body problem. 

Needless to say, the quantized value of the angular momentum of the 
ground state of the conventional (unpolarized) hydrogen atom is null, 
L 0, thus implying a null magnetic moment, M = 0. This occurrence 
confirms the well known feature that the magnetic moment of the orbit 
of the peripheral electron of a conventional (unpolarized) hydrogen atom 
is null. 

Consequently, expressions (8.6)-(8.11) should be considered under a 
number of clarifications. First, said expressions refer to the orbit of the 
peripheral electron under an external magnetic field which implies an 
evident alteration of the value of the magnetic moment. Note that this 
external magnetic field can be either that of an electric discharge, as 
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in the PlasmaArcFlow reactors, or that of another polarized hydrogen 
atom, as in a magnecule. This occurrence confirms a main aspect of the 
new chemical species of magnecules, namely, that the plane polarization 
of the orbits of the peripheral atomic electron is stable if and only if said 
polarization is coupled to another because, if isolated, the plane polar­
ization is instantly lost due to rotations with recover the conventional 
spheroidal distribution of the orbits. 

Moreover, expressions (8.6)-(8.11) refer to the angular momentum of 
the orbit of the peripheral electron polarized in a plane, rather than that 
with a spherical distribution as in the conventional ground state of the 
hydrogen atom. The latter condition, alone, is sufficient to provide a 
non-null quantized orbital magnetic moment. 

Finally, the value L = 1 needed for expressions (8.6)-(8.11) can be 
obtained via the direct quantization of the plane polarization of a clas­
sical orbit. These aspects have been studied in detail by K ucherenko 
and Aringazin [2] and Aringazin [8] (see Appendix 8.A). These studies 
clarify a rather intriguing property mostly ignored throughout the 20-th 
century according to which, contrary to popular beliefs, the quantized 
angular momentum of the ground state of the hydrogen atom is not 
necessarily zero, because its value depends on possible external fields. 

It is important to note that the magnetic polarizations herein con­
sidered are physical notions, thus being best expressed and understood 
via actual orbits as treated above rather than chemical orbitals. This is 
due to the fact that orbits are physical entities actually existing in na­
ture, and schematically represented in the figures with standing waves, 
in semiclassical approximation. By contrasts, orbitals are purely mathe­
matical notions given by probability density. As a result, magnetic fields 
can be more clearly associated with orbits rather than with orbitals. 

Despite the above differences, it should be stressed that, magnetic 
polarizations can also be derived via the orbitals of conventional use in 
chemistry. For example, consider the description of an isolated atom via 
the conventional Schrodinger equation 

Hl?/J) = (;: + V) 11/J) = El?/J), (8.12) 

where 11/J) is a state in a Hilbert space. Orbitals are expressed in terms 
of the probability density 1(1/JI x 11/J)I. The probability density of the 
electron of a hydrogen atom has a spherical distribution, namely, the 
electron of an isolated hydrogen atom can be found at a given distance 
from the nucleus with the same probability in any direction in space. 

Assume now that the same hydrogen atom is exposed to a strong 
external homogeneous and static magnetic field B. This case requires 
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the new Schrodinger equation, 

((p- ~A) 2/2m+ v) lw') = E'lw'), (8.13) 

where A is vector-potential of the magnetic field B. It is easy to prove 
that, in this case, the new probability density I (w'I x lw') I possesses a 
cylindrical symmetry precisely of the type indicated above, thus confirm­
ing the results obtained on physical grounds. A similar confirmation can 
be obtained via the use of Dirac's equation or other chemical methods. 

An accurate recent review of the Schrodinger equation for the hydro­
gen atom under external magnetic fields is that by A.K. Aringazin [8], 
which study confirms the toroidal configuration of the electron orbits 
which is at the foundation of the new chemical species of magnecules. A 
review of Aringazin studies is presented in Appendix 8.A. As one can see, 
under an external, strong, homogeneous, and constant magnetic fields of 
the order of 1013 Gauss = 107 Tesla, the solutions of Schrodinger equa­
tion of type (8.13) imply the restriction of the electron orbits within 
a single, small-size toroidal configuration, while the excited states are 
represented by the double-splitted toroidal configuration due to parity. 

Intriguingly, the binding energy of the ground state of the H atom 
is much higher than that in the absence of an external magnetic field, 
by therefore confirming another important feature of the new chemical 
species of magnecules, that of permitting new means of storing energy 
within conventional molecules and atoms, as discussed in Sect. 8.9. 

For magnetic fields of the order of 109 Gauss, spherical symmetry 
begins to compete with the toroidal symmetry, and for magnetic fields of 
the order of 105 Gauss or less, spherical symmetry is almost completely 
restored by leaving only ordinary Zeeman effects. This latter result 
confirms that the creation of the new chemical species of magnecules in 
gases as per Definition 8.2.1 requires very strong magnetic fields. The 
situation for liquids is different, as shown in Sect. 8.10. 

The magnetic polarization of atoms larger than hydrogen is easily 
derived from the above calculations. Consider, for example, the magnetic 
polarization of an isolated atom of oxygen. For simplicity, assume that 
an external magnetic field of 10 Tesla polarizes only the two peripheral 
valence electrons of the oxygen. Accordingly, its total polarized magnetic 
field of orbital type is of the order of twice value (8.9), i.e., about 6,000 
µ. However, when the same oxygen atom is bonded into the water or 
other molecules, the maximal polarized magnetic moment is about half 
the preceding value. 

Note the dominance of the magnetic fields due to polarized electron 
orbits over the intrinsic nuclear magnetic fields. This is due not only to 
the fact that the former are 1,316 times the latter, but also to the fact 
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that nuclei are at a relative great distance from peripheral electrons, thus 
providing a contribution to the bond even smaller than that indicated. 
This feature explains the essential novelty of magnecules with respect to 
established magnetic technologies, such as that based on nuclear mag­
netic resonances. 

Note also that a main mechanism of polarization is dependent on an 
external magnetic field and the force actually providing the bond is of 
magnetic type. Nevertheless, the ultimate origin is that of charges rotat­
ing in an atomic orbit. This illustrates that, as indicated in Sect. 8.1, the 
name "magnecules" was suggested on the basis of the predominant mag­
netic origin, as well as for the pragmatic differentiation with molecules 
without using a long sentence, although a technically more appropriate 
name would be "electromagnecules." 

Needless to say, the polarization of the orbits is not necessarily re­
stricted to valence electrons because the polarization does not affect 
the quantum numbers of any given orbit, thus applying for all atomic 
electrons, including those of complete inner shells, of course, under a 
sufficiently strong external field. As a consequence, the intensity of the 
magnetic polarization generally increases with the number of atomic 
electrons, namely, the bigger is the atom, the bigger is, in general, its 
magnetic bond in a magnecule. 

Ionizations do not affect the existence of magnetic polarizations, and 
they may at best affect their intensity. An ionized hydrogen atom is a 
naked proton, which acquires a polarization of the direction of its mag­
netic dipole moment when exposed to an external magnetic field. There­
fore, an ionized hydrogen atom can indeed bond magnetically to other 
polarized structures. Similarly, when oxygen is ionized by the removal 
of one of its peripheral electrons, its remaining electrons are unchanged. 
Consequently, when exposed to a strong magnetic field, such an ionized 
oxygen atom acquires a magnetic polarization which is similar to that of 
an unpolarized oxygen atom, except that it lacks the contribution from 
the missing electron. Ionized molecules or dimers behave along similar 
lines. Accordingly, the issue as to whether individual atoms, dimers or 
molecules are ionized or not will not be addressed hereon. 

The magnetic polarizations here considered are also independent as 
to whether the substance considered is paramagnetic or not. This is 
evidently due to the fact that the polarization deals with the individual 
orbits of individual peripheral electrons, irrespective of whether paired 
or unpaired, belonging to a saturate shell or not. Therefore, the issue 
as to whether a given substance is paramagnetic or not will be ignored 
hereon. 
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Similarly, the polarizations here considered do not require molecules 
to have a net total magnetic polarity, which would be possible only for 
paramagnetic substances, again, because they act on individual orbits 
of individual atomic electrons. 

We should also indicate that another verification of our isochemical 
model of molecular structures is the resolution of the inconsistency of the 
conventional model in predicting that all substances are paramagnetic, 
as illustrated in Figs. 1.4 and 1.5. 

Recall that the atoms preserve their individualities in the conventional 
molecular model, thus implying the individual acquisition of a magnetic 
polarization under an external field, with consequential net total mag­
netic polarities for all molecules which is in dramatic disagreement with 
experimental; evidence. 

By comparison, in the isochemical molecular model the valence elec­
trons are actually bonded to each other, with consequential oo-shaped 
orbit around the respective nuclei. This implies that the rotational direc­
tions of the a-branches are opposite to each other. In turn, this implies 
that magnetic polarizations are also opposite to each other, resulting in 
the lack of a net magnetic polarity under an external field, in agreement 
with nature (see Figs. 4.5 and 8.3 for more details). 

5. Production of Magnecules in Gases, Liquids 
and Solids 

At its simplest, the creation of magnecules can be understood via 
the old method of magnetization of a paramagnetic metal by induction. 
Consider a paramagnetic metal which, initially, has no magnetic field. 
When exposed to a constant external magnetic field, the paramagnetic 
metal acquires a permanent magnetic field that can only be destroyed at 
a sufficiently high temperature varying from metal to metal and called 
the Curie Temperature. 

The mechanism of the above magnetization is well known. In its natu­
ral unperturbed state, the peripheral atomic electrons of a paramagnetic 
metal have a space distribution that results in the lack of a total mag­
netic field. However, when exposed to an external magnetic field, the 
orbits of one or more unpaired electrons are polarized into a toroidal 
shape with end polarities opposite to those of the external field. 

This mechanism is called magnetic induction, and results in a stable 
chain of magnetically polarized orbits from the beginning of the metal to 
its end with polarities North-South/North-South/North-South/ ... This 
chain of polarizations is so stable that it can only be destroyed by high 
temperatures. 
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Fig·ure 8.3. A schematic view of the resolution for the case of the water molecule of 
the inconsistent prediction of the conventional molecular model that water is param­
agnetic (Fig. 1.5), as permitted by the Santilli-Shillady isochemical model of water 
molecule (Chapter 5). As one can see, the resolution is given by the impossibility 
for the water molecule to acquire a net magnetic polarity. Note the complexity of 
the geometry of the various magnetic fields which, according to ongoing research, ap­
parently permits the first explanation on scientific record of the 105° angle between 
the two H-0 dimers. The corresponding resolution for the case of the hydrogen is 
outlined in Fig. 4.5. 

The creation of magnecules can be essentially understood with a sim­
ilar polarization of the peripheral electron orbits, with the main differ­
ences that: no total magnetic polarization is necessary; the polarization 
generally apply to all electrons, and not necessarily to unpaired electrons 
only; and the substance need not to be paramagnetic. 

To illustrate these differences, consider a diamagnetic substance, such 
as the hydrogen at its gaseous state at ordinary pressure and temper­
ature. As well known, the hydrogen molecule is then a perfect sphere 
whose radius is equal to the diameter of a hydrogen atom, as illustrated 
in Fig. 8.5.A. The creation of the needed magnetic polarization requires 
the use of external magnetic fields capable, first, to remove the rotation 
of the atoms, as illustrated in Fig. 8.4.B, and then the removal of the 
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A D 

Fig'ure 8,4, A schematic view of the main mechanism underlying the creation of 
magnecules, here illustrated for the case of the hydrogen molecule, It consists in the 
use of sufficiently strong external magnetic fields which can progressively eliminate all 
rotations, thus reducing the hydrogen molecule to a configuration which, at absolute 
zero degrees temperature, can be assumed to lie in a plane, The planar configuration 
of the electron orbits then implies the manifestation of their magnetic moment which 
would be otherwise absent. The r,h.s. of the above picture outlines the geometry 
of the magnetic field in the immediate vicinity of an electric arc as described in 
the text for the case of hadronic molecular reactors (Chapter 7), Note the circular 
configuration of the magnetic field lines around the electric discharge, the tangential 
nature of the symmetry axis of the magnetic polarization of the hydrogen atoms with 
respect to said circular magnetic lines, and the consideration of hydrogen atoms at 
orbital distances from the electric arc 10-8 cm, resulting in extremely strong magnetic 
fields proportional to (10-8

)-
2 = 1016 Gauss, thus being ample sufficient to create 

the needed polarization (see Appendix 8,A for details), 

internal rotations of the same, resulting in a planar configuration of the 
orbits as illustrated in Fig. 8.4.C. 

Once the above polarization is created in two or more hydrogen mo­
lecules sufficiently near each other, they attract each other via opposite 
magnetic polarities, resulting in the elementary magnecules of Fig. 8.5.A. 
Additional elementary magnecules can then also bond to each other, 
resulting in clusters with a number of constituents depending on the 
conditions considered. 

A most efficient industrial production of gas and liquid magnecules 
is that via the PlasmaArcFlow Reactors studied in the preceding Chap-
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Pig'ure 8.5. A schematic view of the simplest possible bonds due to the polarization 
of the orbits of peripheral electrons. Case A illustrates the elementary hydrogen 
magnecule, namely, that composed of two hydrogen molecule under said magnetic 
bond. Note that the magnecule has atomic weight very close to that of the helium. 
Therefore, the detection in a GC-MS scan of a peak with 4 a.m.u., by no means, 
necessarily identifies the helium because the peak could belong to the elementary 
hydrogen magnecule. Case B illustrates a magnecule composed by a molecule and 
a dimer. Case C illustrates the hypothesis submitted in this monograph that the 
structure with 3 a.m.u. generally interpreted as a conventional "molecule" H3 may in 
reality be a magnecule between a hydrogen molecule and an isolated hydrogen atom. 
This is due to the fact that, once the two valence electrons of the hydrogen molecule 
are bonded-correlated, they cannot admit the same valence bond with a third electron 
for numerous physical reasons, such as: the bond cannot be stable because the former 
is a Boson while the latter is a Fermion; the former has charge -2e while the latter 
has charge -e, thus resulting in a large repulsion; etc. 

ter [2]. As we shall see via the experimental evidence presented below, 
said reactors can produce an essentially pure population of gas and liq­
uid magnecules without appreciable percentages of molecules directly 
detectable in the GC- or LC-MS. 

The reason for these results is the intrinsic geometry of the Plasma­
ArcFlow itself. With reference to Fig. 7,9, recall that this technology 
deals with a DC electric arc submerged within a liquid waste to be re­
cycled. The arc decomposes the molecules of the liquid into its atomic 
constituents; ionizes the same; and creates a plasma of mostly ionized 
H, C and 0 atoms at about 3, 500° K. The flow of the liquid through 
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the arc then continuously removes the plasma from the arc following its 
formation. Said plasma then cools down in the surrounding liquid, and 
a number of chemical reactions take place resulting in the formation of 
magnegas which bubbles to the surface of the liquid where it is collected 
for industrial or consumer use. 

To understand the creation of a new chemical species defined accord­
ing to Sect. 8.1 as an essentially pure population of gas magnecules, 
recall that magnetic fields are inversely proportional to the square of the 
distance, 

m1m2 
Fmagnetic = --2-. 

r 
(8.14) 

Therefore, an atom in the immediate vicinity of a DC electric arc with 
1,000 A and 30 V, experiences a magnetic field which is inversely pro­
portional to the square of the orbital distance r = 10-s cm, resulting in 
a magnetic field proportional to 1016 units. 

No conventional space distribution of peripheral atomic electrons can 
exist under these extremely strong magnetic fields, which are such to 
generally cause the polarization of the orbits of all atomic electrons, and 
not only those of valence type, as well as their essential polarization in 
a plane, rather than a toroid. 

As soon as two or more molecules near each other possessing such an 
extreme magnetic polarization are created, they bond to each other via 
opposing magnetic polarities, resulting in the elementary magnecule of 
Fig. 8.3.A. 

Moreover, as shown earlier, isolated atoms have a magnetic field with 
an intensity double that of the same atom when belonging to a molecule. 
Therefore, as soon as created in the immediate vicinity of the electric 
arc, individual polarized atoms can bond to polarized molecules without 
any need to belong themselves to a molecule, as illustrated in Fig. 8.5.C. 

Finally, recall that the PlasmaArcFlow is intended to destroy liquid 
molecules such as that of water. It then follows that the plasma can 
also contain individual highly polarized molecular fragments, such as 
the dimer H-0. The notion of gas magnecules as per Definition 8.2.1 
then follows as referred to stable clusters of molecules, and/or dimers, 
and/or isolated atoms under an internal attractive bond among opposing 
polarities of the magnetic polarization of the orbits of peripheral elec­
trons, nuclei and electrons when the latter are not coupled into valence 
bonds. 

Effective means for the creation of an essentially pure population of 
liquid magnecules are given by the same PlasmaArcFlow Reactors. In 
fact, during its flow through the DC arc, the liquid itself is exposed to 
the same extreme magnetic fields as those of the electric arc indicated 
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above. This causes the creation of an essentially pure population of 
liquid magnecules composed of highly polarized liquid molecules, dimers 
of the same liquid, and individual atoms, as established by LC-MS/UVD 
tests. 

One way to create an essentially pure population of solid magnecules 
is given by freezing the new chemical species at the liquid level and 
then verifying that the latter persists after defrosting, as confirmed by 
various tests. Therefore, the case of solid magnecules is ignored hereon 
for simplicity. 

By denoting with the arrow T the vertical magnetic polarity North­
South and with the arrow l the vertical polarity South-North, and by 
keeping the study at the absolute zero degree temperature, when exposed 
to the above indicated extreme magnetic fields, the hydrogen molecule 
H-H can be polarized into such a form that the orbit of the isoelectro­
nium is in a plane with resulting structure Hr-H1 (Fig. 8.2). 

The elementary hydrogen magnecule can then be written 

(8.15) 

where: a, b, c, d denote different atoms; the polarized hydrogen atom 
Hr is bonded magnetically to the polarized atom Hr with the South 
magnetic pole of atom a bonded to the North pole of atom c; and the 
North polarity of atom bis bonded to the South polarity of atom d (see, 
again, Fig. 8.5.A). This results in a strong bond due to the fiat nature 
of the atoms, the corresponding mutual distance being very small and 
the magnetic force being consequently very large. Moreover, unlike the 
case of the unstable clusters due to electric polarization discussed in 
Sect. 8.1, the above magnetic bonds are very stable because motions 
due to temperature apply to the bonded couple (8.15) as a whole. 

For other magnecules we can then write 

(8.16) 

or, more generally 

where A, B, and C are generic atoms in a conventional molecular chain 
and the atoms without an indicated magnetic polarity may indeed be 
polarized but are not necessarily bonded depending on the geometric 
distribution in space. 

Magnecules can also be formed by means other than the use of ex­
ternal magnetic fields. For instance, magnecules can be produced by 
electromagnetic fields with a distribution having a cylindrical symmetry; 
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or by microwaves capable of removing the rotational degrees of freedom 
of molecules and atoms, resulting in magnetic polarizations. Similarly, 
magnecules can be formed by subjecting a material to a pressure that is 
sufficiently high to remove the orbital rotations. Magnecules can also be 
formed by friction or by any other means not necessarily possessing mag­
netic or electric fields, yet capable of removing the rotational degrees of 
freedom within individual atomic structures, resulting in consequential 
magnetic polarizations. 

It is, therefore, expected that a number of substances which are today 
listed as of unknown chemical bond, may eventually result to have a 
magnecular structure. 

Magnecules of type (8.15) may well have been detected in past mass 
spectrometric measurements, but believed to be the helium (because its 
molecular weight is very close to that of the helium). In fact, the same 
happens for the "molecule" H3 which, in reality may be the magnecule 
of Fig. 8.5.C. 

The destruction of magnecules is achieved by subjecting them to 
a temperature greater than the magnecules Curie Temperature which 
varies from magnecule to magnecule. 

6. New Molecules Internal Bonds 
As indicated in Sect. 8.2, and verified experimentally later on, the 

IR signatures of conventional molecules such as C02 are mutated due to 
the appearance of two new peaks which do not exist for the conventional 
molecule. By recalling that peaks in the IR signature generally represent 
bonds, this evidence indicates the capability by the C02 molecule to 
acquire new internal bonds in addition to those of conventional valence 
type. 

The magnetic polarization at the foundations of magnecules predicts 
the existence of these new internal bonds and permits their quantitative 
study. Recall that external magnetic fields can polarize the orbit of va­
lence electrons, but cannot possibly break or alter valence bonds. Recall 
that, consequently, sufficiently strong external magnetic fields can po­
larize the orbits of all atomic electrons, and not only those of the valence 
electrons. 

Consider then a conventional molecule such as C=O. When exposed 
to the extreme magnetic fields as existing in the PlasmaArcFlow tech­
nology, the orbits of all internal electrons can be polarized, individually, 
for the carbon and the oxygen, in addition to the polarization of the 
two pairs of valence bonds. Note that the planes of these polarizations 
need not be necessarily parallel to each other, because their relative 
orientation dependents on the geometry at hand. 
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0:-\ N v 
Pigure 8. 6. A schematic view for the cases of C=O and 0-C-O of the polarization 
of internal atomic electrons, while preserving conventional valence bonds, and the 
consequential creation of new bonds in conventional molecules which are not of valence 
type, as later on verified experimentally via IR scans. 

One of the various possible geometries is that in which the plane of 
the polarization of the internal electrons is perpendicular to that of the 
two pairs of valence bonds. In this case we have the birth of a new bond 
of magnetic origin in the interior of a conventional molecule, which is 
evidently given by the alignment of the two polarities North-South and 
North-South in the carbon and oxygen, and the consequential attraction 
of opposite polarities of different atoms, as illustrated in Fig. 8.6.A. 

For the case of the 0-C-O molecule we can evidently have two internal 
bonds of magnetic type in addition to the valence bonds, which are 
also given by the alignment of the magnetic polarities, resulting in one 
new bond for the 0-C dimer and a second one for the C-0 dimer, as 
illustrated in Fig. 8.6.B. 

As we shall see later on, the above new internal molecular bonds have 
major industrial and consumer implications, inasmuch as they permit 
the production of fuels capable of releasing under combustion anomalous 
amounts of energy, with consequential reduction of pollutants in the 
exhaust, as already proved by magnegas. 

Needless to say, the creation of new internal bonds is an extreme case 
of IR mutation. In reality, numerous other weaker forms of mutations 
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without the appearance of new peaks are possible and their study is left 
to the interested reader. 

7. Main Features of Magnecules to be Detected 
The experimental detection of gas magnecules requires the verification 

of a number of characteristic features of magnecules identified in Defini­
tion 8.2.l. In the following we focus the reader's attention on the main 
features of gas magnecules which must be verified via GC-MS tests. The 
remaining features will be considered later on. 

Feature 1: Appearance of unexpected heavy MS peaks. 
Gas magnecules are generally heavier than the heaviest molecule in a 

given gas. Peaks in the GC-MS are, therefore, expected in macroscopic 
percentages with atomic weights bigger than the heaviest molecule. As 
a concrete example, the heaviest molecule in magnegas in macroscopic 
percentage is C02 with 44 a.m.u. Therefore, GC-MS scans should only 
show background noise if set for over 44 a.m.u. On the contrary, peaks 
in macroscopic percentages have been detected in magnegas all the way 
to 1,000 a.m.u. 

Feature 2: Unknown character of the unexpected MS heavy 
peaks. 

To provide the initial premises for the detection of magnecules, all 
MS peaks of feature 1 should result in being "unknown" following the 
computer search among all known molecules, usually including a mini­
mum of 150,000 molecules. Evidently, this lack of identification of the 
peaks, per se, does not guarantee the presence of a new chemical species. 

Feature 3: Lack of IR signature of the unknown MS peaks. 
Another necessary condition to claim the detection of magnecules is 

that the unknown MS peaks of feature 1 should have no IR signature 
other than that of the molecules and/ or dimers constituents. This fea­
ture guarantees that said heavy peaks cannot possibly represent molecu­
les, thus establishing the occurrence of a new chemical species. In fact, 
only very few and very light molecules can have such a perfect spherical 
symmetry to avoid IR detection, while such a perfect spherical symmetry 
is manifestly impossible for large clusters. In regard to the constituents 
we are referring to IR signatures, e.g., of the C02 at 44 a.m.u. in a 
cluster having 458 a.m.u. 

Feature 4: Mutation of IR signatures. 
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The infrared signatures of conventional molecules constituting mag­
necules are expected to be mutated, in the sense that the shape of their 
peaks is not the conventional one. As indicated in the preceding section, 
the mutations most important for industrial applications are those due 
to the presence of new IR peaks representing new internal bonds. Nev­
ertheless, various other forms of IR mutations are possible. 

Feature 5: Mutation of magnecular weights. 
While molecules preserve their structure and related atomic weight 

at conventional temperatures and pressures, this is not the case for gas 
magnecules, which can mutate in time, that is, change their atomic 
weight with consequential change of the shape and location of their MS 
peaks. Since we are referring to gases whose constituents notoriously 
collide with each other, magnecules can break-down during collisions 
into fragments which can then recombine with other fragments or other 
magnecules to form new clusters. 

Feature 6: Accretion or emission of individual atoms, dimers 
or molecules. 

Magnecules are expected to experience accretion or emission of in­
dividual atoms, dimer or molecules without necessarily breaking down 
into parts. It follows that the peaks of Feature 1 are not expected to 
remain the same over a sufficient period of time for the same gas under 
the same conditions. 

Feature 7: Anomalous adhesion. 
Magnetically polarized gases have anomalous adhesion to walls of dis­

parate nature, not necessarily of paramagnetic character, as compared 
to the same unpolarized gas. This is due to the well-known property 
that magnetism can be propagated by induction, according to which a 
magnetically polarized molecule with a sufficiently intense magnetic mo­
ment can induce a corresponding polarization of valence and/or other 
electrons in the atoms constituting the wall surface. Once such a po­
larization is created by induction, magnecules can have strong magnetic 
bonds to the indicated walls. In turn, this implies that the background 
of GC-MS following scans and conventional flushing are often similar to 
the scan themselves. As a matter of fact, backgrounds following rou­
tine flushing are often used to identify the most dominant magnecules. 
Notice that the magnetic polarization here considered does not require 
that the walls of the instrument are of paramagnetic type, since the po­
larization occurs for the orbits of arbitrary atoms. 
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Magnetically polarized gases additionally have mutated physical char­
acteristics and behavior because the very notion of polarization of elec­
tron orbits implies physical alterations of a variety of characteristics, 
such as average size. Mutations of other characteristics are then conse­
quential. 

We should finally recall that the above features are expected to dis­
appear at a sufficiently high temperature, evidently varying from gas to 
gas (Curie Temperature), while the features are expected to be enhanced 
at lower temperature and at higher pressure, and survive liquefaction. 

8. Necessary Conditions for the Correct 
Detection of Molecules and Magnecules 

8.1. Selection of Analytic Instruments 

Current technologies offer an impressive variety of analytic instru­
ments (see, e.g., Ref. [4]), which include: Gas Chromatography (GC), 
Liquid Chromatography (LC), Capillary Electrophoresis Chromatogra­
phy ( CEC), Supercritical Chromatography (SCC), Ion Chromatogra­
phy (IC), Infrared Spectroscopy (IR), Raman Spectroscopy (RS), Nu­
clear Magnetic Resonance Spectroscopy (NMRS), X-Ray Spectroscopy 
(XRS), Atomic Absorption Spectroscopy (AAS), Mass Spectrometry 
(MS), Laser Mass Spectrometry (LMS), Flame Ionization Spectrome­
try (FIS), and others. 

Only some of these instruments are suitable for the detection of mag­
necules and, when applicable, their set-up and use are considerably dif­
ferent than those routinely used with great success for molecules. 

Among all available chromatographic equipment, that suitable for the 
detection of gas magnecules is the GC with column having ID of at least 
0.32 mm operated according to certain criteria outlined in Sect. 8.8.3. By 
comparison, other chromatographs do not appear to permit the entrance 
of large magnecules, such as the CEC, or be potentially destructive of 
the magnecules to be detected, such as the IC. 

Among all available spectroscopic equipment, that preferable is the 
IR, with the understanding that such an instrument is used in a negative 
way, that is, to verify that the magnecule considered has no IR signature. 
The RS may also result in being preferable in various cases, while other 
instruments, such as the NMRS do not appear to be capable of detecting 
magnecules despite their magnetic nature, evidently because NMRS are 
most effective for the detection of microscopic magnetic environment of 
H-nuclei rather than large structures. Other spectroscopic instruments 
have not been studied at this writing. 
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In regard to spectrometric equipment, the most recommendable one is 
the low ionization MS due to the fact that other instruments seemingly 
destroy magnecules at the time of their detection. The study of other 
spectrometric equipment is left to interested researchers. Chemical ana­
lytical methods (i.e. via chemical reactions) to detect gas magnecules are 
probably not very effective since they necessarily destroy the magnecules 
in reaction. 

As it is well known, when used individually, the above suggested in­
struments have considerable limitations. For instance, the GC has a 
great resolution of a substance into its constituent, but it has very lim­
ited capabilities to identify them. By comparison, the MS has great 
capabilities to identify individual species, although it lacks the ability to 
separate them. 

For these reasons, some of the best analytic instruments are given by 
the combination of two different instruments. Among them, the most 
recommendable one is the GC combined with the MS, and denoted GC­
MS. A similar occurrence holds for the IR combined to the GC-MS. As 
indicated since the early parts of this Chapter, the best instrument for 
the detection of both molecules and magnecules in gases is the GC-MS 
equipped with the IRD denoted GC-MS/IRD while that for liquids is 
the LC-MS equipped with UVD and denoted LC-MS/UVD. 

Among a large variety of GC-MS instruments, only a few are truly 
effective for the detection of gas magnecules for certain technical rea­
sons identified below. The instrument which has permitted the first 
identification of magnecules and remains the most effective at this writ­
ing (despite its considerable age for contemporary standards) is the GC 
Hewlett-Packard (HP) model 5890 combined with the MS HP model 
5972 equipped with a large ID column and feeding line operated at the 
lowest temperature permitted by the instrument (about 10° C) and the 
longest elusion time (about 25 min). 

A secondary function of the IRD is that of identifying the dimers 
constituting a magnecule, a task which can be fulfilled by various IRD. 
That which was used for the original discovery of magnecules and still 
remains effective (again, despite its age by current standards) is the IRD 
HP model 5965, when operated with certain criteria identified below. 

A most insidious aspect in the detection of magnecule is the protracted 
use of any given instrument with great success in the detection of con­
ventional molecules, and the consequential expectation that the same 
instrument should work equally well for the detection of magnecules, 
resulting in an analysis without any real scientific value because: 

i) the species to be detected may not even have entered the instrument, 
as it is routinely the case for small syringes and feeding lines particularly 
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for liquid magnecules (which can be so big as to be visible to the naked 
eye, as shown in Sect. 8.10); 

ii) the species to be detected may have been destroyed by the measure­
ment itself, as it is routinely the case for instruments operated at very 
high temperature, or flame ionization instruments which, when used for 
combustible gases with magnecular structure, cause the combustion of 
magnecules at the very time of their detection; or 

iii) the detection itself may create magnecules which do not exist in 
the original species, as it is the case of peaks with 3 a.m. u. discussed in 
Fig. 8.4. 

In conclusion, the separation between a true scientific measurement 
and a personal experimental belief requires extreme scientific caution in 
the selection of the analytic instrument, its use, and the interpretation 
of the results. 

8.2. Unambiguous Detection of Molecules 
As it is well known, a gas molecule is identifiable by unique and un­

ambiguous GC-MS peaks, which are distinctly different from those of 
any other gas molecule. In addition, this GC-MS identification can be 
confirmed by IRD peaks and related resonating frequencies, which are 
also distinctly different for different gas molecule. Additional confirma­
tions are possible using other analytic methods, such as those based on 
average molecular weight, chemical reactions and other procedures. 

The advent of the new chemical species of magnecules suggests a re­
examination of these analytic methods and procedures so as to sepa­
rate personal opinions from actual scientific identifications. Such a re­
examination is warranted by the fact that, due to extended use, claims 
of specific molecular identifications are nowadays generally voiced via 
the use of only one analytic detector. 

As an illustration, most contemporary analytic laboratories conduct 
chemical analyses on gases via the sole use of the IRD. However, infrared 
detectors do not identify complete molecules, since they can only identify 
the bond in their dimers. For instance, for the case of H20, the IRD 
does not identify the complete molecule, but only its dimer H-0. 

This method of identification of molecules is certainly acceptable for 
gases whose lack of magnetic polarization has been verified by the an­
alysts. However, the same method is highly questionable for gases of 
unknown origin. In fact, we shall soon show experimental evidence of 
clear IR signatures for molecules which have no MS identification at all, 
in which case the claim of such a molecule evidently has no scientific 
value. 
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The inverse occurrence is equally questionable, namely, the claim of 
a given molecule from its sole identification in the MS without a confir­
mation of exactly the same peak in the IRD. In fact, there are several 
MS peaks in magnetically polarized gases which may be easily identified 
with one or another molecule, but which have no IR signature at all at 
the MS value of the atomic weight, in which case the claim of molecular 
identification evidently has no scientific value. 

Note that the great ambiguities in the separate use of disjoint GC-MS 
and IRD. In fact, in this case there is no guarantee or visible evidence 
that exactly the same peak is jointly inspected under the MS and, sepa­
rately, the IRD. In fact, a given molecule can be tentatively identified in 
the MS at a given a.m. u., while the same molecule may indeed appear 
in the IRD, although at a different value of a.m.u., in which case, again, 
the claim to have detected a given molecule is a personal experimental 
belief, rather than a scientific truth. 

In conclusion, a serious scientifi.c identifi.cation of any given molecule 
requires the joint use of at least two different analytic methods, both 
giving exactly the same result for exactly the same peak in a unique and 
unambiguous way, such as the detection via MS scans with unequivocal 
computer identifi.cations, confi.rmed by IR scans without ambiguities, 
thus requiring the use of GC-MS equipped with IRD. 

Additional ambiguities result from the rather widespread belief that 
molecules are the only possible chemical species in nature, in which case 
small deviations from exact identifications are generally ignored for the 
specific intent of adapting experimental evidence to pre-existing knowl­
edge, rather than modifying old interpretations to fit new experimental 
evidence. This widespread tendency is also a reason why magnecules 
have not been identified until now. 

As an illustration, suppose that: a GC-MS equipped with IRD detects 
a peak with 19 a.m.u.; said peak is identified by the MS search as the 
water molecule with 18 a.m.u.; and the IRD confirms the presence of 
the HO-dimer. Under these conditions, it is almost universally accepted 
in contemporary analytic laboratories that said peak with 19 a.m.u. 
represents the water molecule, and the spurious single a.m.u. is just an 
"impurity" or something to be ignored, in which case, however, we do 
not have a true scientific identification of the species. 

In fact, it is well possible that the peak at 19 a.m. u. is constituted by 
a highly polarized water molecule magnetically bonded to one isolated 
hydrogen atom with structure 

(8.18) 
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In this case, according to our terminology, the peak at 19 a.m.u. is a 
magnecule and not a molecule, even though the MS search gives 99.993 
confidence and the IR search gives 1003 confidence that the species is the 
ordinary water molecule. After all, the magnecular bond is transparent 
to current IR detection, then, the latter confirms an erroneous belief. 

At any rate, no claim on the peak with 19 a.m.u. can be truly scientific 
or otherwise credibly, unless it explains in a specific and numerical way, 
without vague nomenclatures, how the single a.m.u. entity is attached 
to the water molecule. 

Recall that the valence bond requires singlet couplings to verify Pauli's 
exclusion principle. As a consequence, coupled pairs of valence electrons 
are Bosonic states with zero spin. Under these conditions, no nomencla­
ture suggesting one or another type of valence can credible explain the 
bonding of one single H atom to the H-0-H molecule because it would 
imply the bond of a Fermion with spin 1/2 (the valence electron of the 
hydrogen) with a Boson (the coupled valence electron pair of the water), 
which bond is an impossibility well known in particle physics. By com­
parison, the magnecular hypothesis identifies the attractive character of 
the bond in a clear and unambiguous way, and then its numerical value 
(8.9). 

The detection of liquid molecules has problems greater than those for 
gas molecules, because liquid magnecules can be so big to be visible 
by the naked eye, in which case only their conventional molecular con­
stituents are generally permitted to enter current instruments, resulting 
again in a lack of real detection. 

In conclusion, the separation in the identification of molecules between 
a true scientific process and a personal experimental belief requires ex­
treme care before claiming that a certain peak characterizes a molecule, 
since possible ambiguities exist in all cases, from small to large atomic 
weights. In the final analysis, as stressed above, the difference between a 
molecule and a magnecule may be given by what is generally considered 
noise, or instrument malfunction. 

The most unreassuring occurrence is that all GC-MS equipped with 
IRD identified by this author in the USA following a laborious search be­
long to military, governmental, or law enforcement institutions, and none 
of them was identified in commercial or academic laboratories. There­
fore, the great majority of analytic laboratories lack the very instrument 
necessary for a final and unequivocal identification of a conventional mo­
lecules, let alone that of magnecules. 
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8.3. Unambiguous Detection of Magnecules 

Since magnecules have properties very different from those of con­
ventional molecules, the experimental detection of magnecules requires 
a special care. In particular, methods which have been conceived and 
developed for the detection of molecules are not necessarily effective for 
the detection of the different chemical species of magnecules precisely in 
view of the indicated differences. 

The first indication of a possible gas magnecule is given by MS peaks 
with large atomic weight which cannot be explained via conventional 
molecular hypotheses. The second indication of a gas magnecule is given 
by the lack of identification of said heavy peaks in the MS following a 
search among all known molecules. A third indication of a gas mag­
necule then occurs when said unknown MS peak has no IR signature, 
except those of its constituents with much smaller atomic weight, which 
occurrence establishes the lack of a valence bond. Final identification 
of a gas magnecule requires the knowledge of the method used in the 
production of the gas and other evidence. 

As it is the case also for molecules, a serious spectrographic analysis of 
magnecules requires GC-MS detectors necessarily equipped with IRD, 
because only such an instrument permits the direct test of the same 
peaks under both the MS and IR scan. Again, if the IRD operates sep­
arately from the GC-MS, the indicated joint inspection is not possible; 
the IRD can only detect ordinary molecular dimers; the experimental 
belief that the MS peak must be a molecule is then consequential. 

As a concrete example verified later on with actual tests, consider the 
spectrographic analysis of magnegas. This is a light gas whose heaviest 
molecule in macroscopic percentages should be the C02 at 44 a.m. u. 
Consider now an MS peak of magnegas at 481 a.m.u. It is evident 
that, while small deviations could be adapted to quantum chemistry, 
large deviations of such an order of magnitude cannot be reconciled with 
established knowledge in a credible way, thus permitting the hypothesis 
that the MS peak in a light gas with 481 a.m.u. can be a magnecule. The 
MS scan of the peak soon establishes the impossibility for the computer 
to identify the peak among all existing molecules. When the GC-MS is 
equipped with IRD, the analyst can scan the same peak with 481 a.m.u. 
under the IRD and detect no signature at the 481 a.m.u. value, the 
only IR signature being that at 44 a.m. u. of the C02 as well as those 
of smaller molecules. The production of the gas under intense magnetic 
fields then confirm that the peak here considered at 481 a.m.u. is indeed 
a magnecule composed of a large number of ordinary light molecules, 
dimers and individual atoms, in accordance with Definition 8.2.1. 
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Note that the IRD scan in the above test has solely identified conven­
tional molecules without any additional unknown. Yet, the conclusion 
that the gas considered is solely composed of molecule would be nonsci­
entific for numerous reasons, such as: 1) magnetic bonds are transpar­
ent to IR scans with available frequencies; 2) there is no IR detection, 
specifically, at 481 a.m.u.; and 3) IRD do not detect molecules, but only 
dimers. 

Therefore, even though the IRD has detected C02 in the above test, 
the actual detection was for the C-0 dimer, in which case the claim of 
the presence of the full C02 molecule is a personal opinion, and not an 
experimental fact. 

The anomalous energy content, weigh and other features of magnegas 
confirm the above conclusions, because the latter can only be explained 
by assuming that a certain percentage of IR counts is indeed due to 
complete molecules, while the remaining percentage is due to unpaired 
dimers trapped in the magnecules. The freeing of these dimers and atoms 
at the time of the combustion, and their re-combination into molecules 
as in Eqs. (8.5) then explains the anomalous energy content. 

In addition to the above basic requirements, numerous other precau­
tions in the use of the GC-MS equipped with IRD are necessary for the 
detection of magnecules, such as: 

i) the MS equipment should permit measurements of peaks at ordinary 
temperature, and avoid the high temperatures of the GC-MS column 
successfully used for molecules; 

ii) the feeding lines should be cryogenically cooled; 
iii) the GC-MS/IRD should be equipped with feeding lines of at least 

0.5 mm ID; 
iv) the GC-MS should be set to detect peaks at large atomic weights 

usually not expected; and 
v) the ramp time should be the longest allowed by the instrument, 

e.g., of at least 25 minutes. 
It should be stressed that the lack of verification of any one of the 

above conditions generally implies the impossibility to detect magnecu­
les. For instance, the use of a feeding line with 0.5 mm ID is un­
necessarily large for a conventional light gas, while it is necessary for 
a gas with magnecular structure such as magnegas. This is due to the 
unique adhesion of the magnecules against the walls of the feeding line, 
resulting in occluded lines which prevent the passage of the most impor­
tant magnecules to be detected, those with large atomic weight. 

Similarly, it is customary for tests of conventional gases to use GC­
MS with columns at high temperature to obtain readings in the shortest 
possible time, since conventional molecules are perfectly stable under the 
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temperatures here considered. The use of such method would equally 
prevent the test of the very species to be detected, because, as indicated 
earlier, they have a characteristic Curie Temperature at which all mag­
netic features are lost. Magnecules are stable at ordinary temperatures 
and, consequently, they should be measured at ordinary temperatures. 

Along similar lines, recall that GC-MS with a short ramp time are 
generally used for rapidity of results. Again, the use of such a practice, 
which has been proven by extensive evidence to be effective for mole­
cules, prevents clear detection of magnecules. If the ramp time is not 
of the order of 25 minutes, e.g., it is of the order of one minute, all the 
peaks of magnecules generally combine into one single large peak, as 
described below. In this case the analyst is generally lead to inspect an 
individual section of said large peak. However, in so doing, the analyst 
identifies conventional molecules constituting the magnecule, and not 
the magnecule itself. 

When these detectors with short ramp times are equipped with IRD, 
the latter identify the infrared signatures of individual conventional mo­
lecules constituting said large unique peak, and do not identify the pos­
sible IR signature of the single large peak itself. Therefore, a GC-MS 
with short ramp time is basically unsuited for the detection of mag­
necules because it cannot separate all existing species into individual 
peaks. 

In conclusion, the experimental evidence of the above occurrences es­
tablishes the need in the detection of gas magnecules of avoiding, rather 
than using, techniques and equipment with a proved efficiency for mo­
lecules, thus avoiding the use of GC-MS without IRD, with short ramp 
time, high column temperatures, microscopic feeding lines, and other 
techniques. On the contrary, new techniques specifically conceived for 
the detection of magnecules should be worked out. 

The conditions for scientific measurements of liquid magnecules via 
LC-MS/DVD are more stringent than those for gases, because of the 
great increase, in general, of the atomic weight of liquid magnecules 
which are generally much larger than the IR of conventionally used feed­
ing lines, as shown below. 

This implies the possible erroneous claim that magnecules do not ex­
ist because they are not detected by the LC-MS, while in reality the 
magnecule to be detected could not enter into at all into the instrument. 

8.4. Apparent Magnecular Structure of H 3 and 
03 

As it is well known, chemistry has identified in GC-MS tests clusters 
with 3 a.m. u., which can only be constituted of three H atoms, H3, while 
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the familiar ozone 03 has been known since quite some time. These 
structures are generally assumed to be molecules, that is, to have a 
valence bond according to one nomenclature or another, although this 
author is aware of no in depth theoretical or experimental identification 
of the attractive force necessary to bond the third atom to a conventional 
molecule. 

There are serious doubts as to whether such a conventional molecular 
interpretation will resist the test of time as well as of scientific evidence. 
To begin, a fundamental property of valence bonds is that valence elec­
trons correlate in pairs. Since the H3 and 03 structures contain the 
molecules H2 and 0 2 in which all available valence electrons are already 
bonded in pairs, the belief that an additional third valence electron could 
be correlated to the preceding ones violates basic chemical knowledge on 
valence. 

Moreover, we have stressed earlier that the assumption of a third va­
lence electron bonded to a valence pair is in violation of basic physical 
knowledge, because it would require the bond of a Fermion (the third 
electron with spin 1/2) with a Boson (the singlet valence pair with spin 
0) both possessing the same negative charge. Such a hypothetical bond 
under molecular conditions would violate various laws in particle physics, 
e.g., it would imply a necessary violation of Pauli-s exclusion principle 
since the assumed "triplet" of electrons would have two identical elec­
trons in the same structure with the same energy. 

In view of the above (as well as other) inconsistencies, we here assume 
that the familiar H3 and 03 clusters are magnecules consisting of a 
third H and 0 atom magnetically bonded to the conventional H2 and 
02 molecules, respectively, along the structure of Fig. 8.5.C. Note that 
this assumption is fully in line with Definition 8.2. l according to which 
a magnecule also occurs when one single atom is magnetically bonded 
to a fully conventional molecule. 

The plausibility of the above structure is easily illustrated for the case 
of 03. In fact, the oxygen is known to be paramagnetic, and the ozone is 
known to be best created under an electric discharge. These are the ideal 
conditions for the creation of a magnetic polarization of the orbits of (at 
least) the paramagnetic electrons. The attraction of opposing magnetic 
polarities is then consequential, and so is the magnetic bond of the third 
oxygen to the oxygen molecule, resulting in the magnecule 02xO. 

The above magnecular interpretation of 03 is confirmed by various 
GC-MS detections of peaks with 32 a.m.u. in a magnetically treated 
gas originally composed of pure oxygen, in which case the sole possi­
ble interpretation is that of two magnetically bonded oxygen molecules, 
resulting in the magnecule 02 x 02. 
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The plausibility of the magnecular interpretation is less trivial for the 
H3 structure since hydrogen is diamagnetic. Nevertheless, the assump­
tion remains equally plausible by recalling that a central feature of the 
new chemical species of magnecules is that the magnetic polarization 
occurs at the level of each individual atom, and not at the level of a 
diamagnetic molecule, whose total magnetic moment remains null as 
illustrated in Fig. 8.2. 

In particular, the magnecular interpretation of the MS peaks at 3 
a.m.u. is numerical and without ambiguities. Recall that GC equipment 
works by ionizing molecules. When testing a hydrogen gas, a number 
of H2 molecules are separated into individual H atoms by the ionization 
itself. Moreover, the ionization occurs via the emission of electrons from 
a filament carrying current, which is very similar to that of the Plasma­
ArcFlow Reactors producing magnecules. Under these conditions, the 
filament of the GC can not only separate H-molecules but also polarize 
them when sufficiently close to the filament. Once such polarizations are 
created, their bond is a known physical law, resulting in the magnecule 
of Fig. 8.5.C, i.e. 

(8.19) 

As one can see, under the magnecular structure the bond is manifestly 
attractive, very strong, and numerically identified in Eq. (8.9). Other 
interpretations of the peak at 3 a.m.u. are here solicited, provided that, 
to be credible, they are not of valence type and the internal bond is 
identified in a clear, unambiguous, and numerical way. 

The magnecular interpretation of H3 is confirmed by numerous GC­
MS detections of a cluster with 4 a.m.u. in a magnetically treated gas 
which originally was composed by pure hydrogen, under which condi­
tions such a peak can only be constituted by two hydrogen molecules 
resulting in the magnecule H2 xH2 illustrated in Fig. 8.5.A. 

It is an easy prediction that numerous peaks detected in contemporary 
GC-MS or LC-MS equipment may need a magnecular re-interpretation 
since, as indicated earlier, the method of detection itself can create mag­
necules. This is typically the case when the comparison of a given MS 
cluster with the actual peak of a given molecules contains additional 
lines. 

As a specific example, when the peak representing a hexanal molecule 
(whose heaviest constituent has 100 a.m.u.) contains additional lines 
at 133 a.m.u., 166 a.m.u., and 207 a.m.u., it is evident that the latter 
lines cannot cluster with the hexanal molecule via valence bond. The 
plausibility of the magnecular interpretation is then evident. 
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For copies of the GC-MS scans mentioned in this section, which are 
not reproduced here for brevity, we suggest the interested reader to 
contact the author. 

8.5. Need for New Analytic Methods 
In closing, we should stress that the methods for the detection and 

identification of magnecules are at their infancy and numerous issues 
remain open at this writing (spring 2001). One of the open issues relates 
to several detections in magnegas of IR signatures apparently belonging 
to complex molecules, such as light hydrocarbons, while such molecules 
have not been identified in the MS scans. This occurrence creates the 
realistic possibility that certain complex magnecules may indeed have 
an IR signature in view of their size. More specifically, as indicated 
earlier, magnecules are assumed to be transparent to currently available 
IRD because their inter-atomic distance is expected to be 104 times 
smaller than the inter-atomic distance in molecules, thus requiring test 
frequencies which simply do not exist in currently available IRD. 

However, such an argument solely applies for magnecules with small 
atomic weight, such as the elementary magnecules of Fig. 8.5. On the 
contrary, magnecules with heavy atomic weight may well have an IR 
signature and, in any case, the issue requires specific study. 

This possibility is confirmed by the fact that magnegas is created 
via underliquid electric arcs whose plasma can reach up to 10,000° K. 
The insistence that light hydrocarbons could survive in these condi­
tions, let alone be created, is not entirely clear. This direct observation 
is confirmed by the fact that no hydrocarbon has been detected in the 
combustion of magnegas. In fact, the cars running on magnegas (as re­
viewed in the preceding Chapter) operate without catalytic converter. 
Direct analysis of the combustion exhaust show a negative count of hy­
drocarbons, that is, the exhaust contains less hydrocarbons than the 
local atmosphere which is used for basic calibration of the instrument. 

In summary, we have a case in which light hydrocarbons are seemingly 
indicated by IR scans to exist in small percentages in magnegas, while no 
hydrocarbon has ever been identified in the MS scans, no hydrocarbon 
is expected to survive at the extreme temperatures of the electric arcs 
used for their production, and no hydrocarbon has been detected in the 
combustion exhaust. 

These occurrences illustrate again that the identification of conven­
tional molecules via the sole use of IR scans or, equivalently, the sole use 
of MS scans, is, in general, a mere personal opinion without scientific 
foundations. 
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9. Experimental Evidence of Gas Magnecules 
9.1. Conventional Chemical Composition of 

Magnegas Used in the Tests 
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As it is well known, the underwater arc was developed in the mid of 
the 19-th century. The combustible character of the gas produced by 
underwater arcs was discovered by sailors of the same period who used 
to ignite the bubbles of gas surfacing from undersea arcs. 

Numerous patents were subsequently obtained on the production of 
a combustible gas from underwater arcs (see, e.g., U.S. patents [5]). 
Their main differences relate to the efficiency of the production, the 
C02 and energy content, and other aspects. The technology achieved 
industrial maturity only recently via the PlasmaArcFlow (patent and 
patents pending), as reviewed in the preceding chapter. 

As indicated earlier in this chapter, an efficient way to produce an 
essentially pure population of gas magnecules is the production of a 
combustible gas via an electric arc between carbon electrodes submerged 
within a liquid. 

All these gases are called "magnegas" because they have a magnec­
ular structure irrespective of the liquid and the method used for their 
production. 

The version of magnegas used in the tests reviewed in this section was 
produced via an electric arc between carbon electrodes submerged within 
ordinary tap water. According to several chemical analyses conducted at 
NASA and other laboratories, such a gas has the following conventional 
chemical composition: 

(8.20) 

Therefore, the maximal chemical constituent in macroscopic percentage 
of this particular type of magnegas is given by C02 with 44 a.m.u. 

In regard to preceding publications of direct relevance for the detection 
of magnecules, we recall that, as indicated earlier, the "H3" structure is 
routinely detected in GC-MS analyses of hydrogen base gases. Some of 
its recent chemical study can be found in Ref. [6] and quoted literature. 
However, the physical reasons for the impossibility to have a valence 
bond and the consequential new structure as per Fig. 8.5.C do not appear 
to be identified in Ref. [6]. 

Similarly, there exist numerous theoretical and experimental studies in 
the chemical literature on molecular magnetic properties, such as those 
in Refs. [7] and quoted literature. These studies refer to "global" mag­
netic properties of conventional "molecule" and none of them appears 
to identify a "new chemical species." By contrast, the studies present in 
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this Chapter refers to the magnetic fields of" individual atoms" and their 
capability to form a "new chemical species" beyond that of molecules. 

The author (a physicist) would gratefully appreciate receiving from 
colleagues copies of papers more directly related to the use of magnetic 
fields of the "orbits of peripheral atomic electrons" for the creation of a 
"new chemical species" beyond that of molecules for proper quotation 
of the related literature in possible new edition of this monograph. 

9.2. GC-MS /IRD Measurements of Magnegas at 
the McClellan Air Force Base 

Santilli [1] had predicted that gases produced from underwater elec­
tric arcs had the new chemical structure of magnecules as clusters of 
molecules, dimers and individual atoms as per Definition 8.2.1, in which 
case conventional chemical structure (8.20) is valid only in first approx­
imation. 

Following a laborious search, Santilli [Zoe. cit.] located a GC-MS 
equipped with IRD suitable to measure magnecules at the McClellan Air 
Force Base in North Highland, near Sacramento, California. Thanks to 
the invaluable assistance and financial support by Leon Toups, President, 
of Toups Technologies Licensing, Inc., of Largo, Florida, GC-MS/IRD 
measurements were authorized at that facility on magnegas with con­
ventional chemical structure (8.20). 

On June 19, 1998, Santilli visited the analytic laboratory of National 
Technical Systems (NTS) located at said McClellan Air Force Base and 
using instruments belonging to that base. The measurements on mag­
negas were conducted by analysts Louis A. Dee, Branch Manager, and 
Norman Wade who operated an HP GC model 5890, an HP MS model 
5972, equipped with an HP IRD model 5965. Upon inspection at arrival, 
the instrument met all conditions indicated in the preceding sections 
then, and only then, measurements were permitted. 

Thanks to a professional cooperation by the NTS analysts, the equip­
ment was set at all the unusual conditions indicated in Sect. 8.8.3. In 
particular, the equipment was set for the analytic method VOC IRMS.M 
utilizing an HP Ultra 2 column 25 m long with a 0.32 mm ID and a film 
thickness of 0.52 µm. It was also requested to conduct the analysis from 
40 a.m.u. to the instrument limit of 500 a.m.u. This condition was 
necessary to avoid the expected large CO peak of magnegas at 28 a.m.u. 

Moreover, the GC-MS/IRD was set at the low temperature of 10°C; 
the biggest possible feeding line with an ID of 0.5 mm was installed; the 
feeding line itself was cryogenically cooled; the equipment was set at the 
longest possible ramp time of 26 minutes; and a linear flow velocity of 



The New Chemical Species of Magnecules 339 

50 cm/sec was selected. A number of other technical requirements are 
available in the complete documentation of the measurements. 

The analysts first secured a documentation of the background of the 
instrument prior to any injection of magnegas (also called blank). Fol­
lowing a final control that all requested conditions were implemented, 
the tests were initiated. The results, reported in part via the represen­
tative scans of Figs. 8.7 to 8.12, constitute the first direct experimental 
evidence of the existence of magnecules in gases. 

After waiting for 26 minutes, sixteen large peaks appeared on the MS 
screen between 40 and 500 a.m.u. as shown in Fig. 8.7. Each of these six­
teen MS peaks resulted to be "unknown," following a computer search of 
database on all known molecules available at McClellan Air Force Base, 
as illustrated in Fig. 8.8 No identifiable C02 peak was detected at all in 
the MS spectrum between 40 and 500 a.m. u., contrary to the presence of 
93 of such a molecule in magnegas as per conventional analyses (8.20). 

Upon the completion of the MS measurements, exactly the same range 
of 40 to 500 a.m.u. was subjected to IR detection. As expected, none of 
the sixteen peaks had any infrared signature at all, as shown in Fig. 8.9. 
Furthermore, the IR scan for these MS peaks shows only one peak, that 
belonging to C02 , with additional small peaks possibly denoting traces 
of other substances. 

Note that the IR signature of the other components, such as CO or 
02 cannot be detectable in this IR test because their atomic weights 
are below the left margin of the scan. In addition, the IR peak of C02 
is itself mutated from that of the unpolarized molecule, as shown in 
Fig. 8.10. Note that the mutation is due to the appearance of two new 
peaks which are absent in the conventional IR signature of C02, exactly 
as expected, thus confirming the hypothesis of new internal bonds as 
submitted in Fig. 8.6. 

Note also in Fig. 8.10 that the computer interprets the IR signature as 
that belonging to CO which interpretation is evidently erroneous because 
CO is outside of the selected range of a.m. u. 

All remaining small peaks of the IR scan resulted to be "unknown,'' 
thus being possible magnecules, following computer search in the data­
base of IR signatures of all known molecules available at the McClellan 
Air Force Base, as illustrated in Fig. 8.11. 

Following the removal of magnegas from the GC-MS/IRD, the back­
ground continued to show the same anomalous peaks of Fig. 8. 7, and 
reached the configuration of Fig. 8.12 only after a weekend bakeout with 
an inert gas. Note that the latter background is itself anomalous because 
the slope should have been the opposite of that shown. The background 
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Information from Data File: 
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19. 509 577433 l.774 10.777 

Pig·ure 8, 7, A reproduction of the MS peaks providing the first experimental evidence 
of the existence of magnecules identified on June 19, 1998, by analysts Louis A. Dee 
and Norman Wade of the branch of National Technical; Systems (NTS) located at 
the McClellan Air Force Base in North Highland, near Sacramento, California, with 
support from Toups Technologies Licensing, Inc. (TTL) of Largo, Florida. The scan 
is restricted from 40 a.m.u to 500 a.m.u, The peaks refer to magnegas produced 
via an electric arc between consumable carbon electrodes within ordinary tap water 
with conventional chemical composition (8.20). Therefore, only the C02 peak was 
expected to appear in the scan with any macroscopic percentage, while no C02 was 
detected at all in the MS scan. 

finally recovered the conventional shape only after flushing the instru­
ment with an inert gas at high temperature. 
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Figure 8.8. A representation of the first experimental evidence at NTS that tl1e peaks 
of Fig. 8. 7 are "unknown." The peak at the top is at 8.924 minutes, and that at the 
bottom shows the lack of its identification by the computer search. Note that the 
best fit identified by the computer does not match the peak considered. Moreover, 
the identified substance (methylseleno) cannot possibly exist in magnegas because of 
the impossible presence of the necessary elements. The same situation occurred for 
all remaining fifteen peaks of Fig. 8. 7. 

9.3. GC-MS /IRD Tests of Magnegas at Pinellas 
County Forensic Laboratory 

Measurements on the same sample of magnegas tested at NTS were 
repeated on July 25, 1998, via a GC-MS/IRD located at the Pinellas 
County Forensic Laboratory (PCFL) of Largo, Florida, with support 
from Toups Technologies Licensing, Inc. 

The equipment consisted of a HP GC model 5890 Series II, an HP MS 
model 5970 and an HP IRD model 5965B. Even though similar to the 
equipment used at NTS, the PCFL equipment was significantly different 
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2 15 10 14 

Minutes 
18 22 

Fig·ure 8.9. The first experimental evidence at NTS of the lack of IR signature of 
MS peaks. The evidence establishes the existence of large peaks in the MS that have 
no IR signature at all. The only identified IR signature, that for C0 2 , refers to the 
constituents of the peaks of Fig. 8.7. In the above figure only the IR signature of 
C02 appears because the scan was from 40 a.m.u. to 500 a.m.u. and, as such, could 
not include the IR signatures of other molecules such as 0 2 and CO (H2 has no IR 
signature). 

inasmuch as the temperature had to be increased from 10°C to 55°C and 
the ramp time reduced from 26 to 1 minute. The latter reduction implied 
the cramping of all peaks of Fig. 8. 7 into one single large peak, a feature 
confirmed by all subsequent GC-MS tests with short ramp time. 

Despite these differences, the test at PCFL, reported in part via the 
representative scans of Figs. 8.13 to 8.18, confirmed all features of mag­
necules first detected at NTS. In addition, the tests provided the exper­
imental evidence of additional features. 

Following Santilli's request [1], the analysts conducted two MS tests 
of the same magnegas at different times about 30 minutes apart. As 
one can see in Figs. 8.13 and 8.14, the test at PCFL provided the flrst 
experimental evidence of mutation in time of the atomic weight of mag­
necules. In fact, the peak of Fig. 8.13 is macroscopically different than 
that of Fig. 8.14. 

This difference provides evidence that, when colliding, magnecules 
can break down into ordinary molecules, atoms, and fragments of mag-
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Pigure 8.10. The first experimental evidence at NTS on the mutation of the IR sig­
nature of magnetically polarized conventional molecules, here referring to the C02 
(top) compared to the result of the computer search (bottom). Note that the known, 
double-lobe peak of C02 persists in the detected peak with the correct energy, and 
only with decreased intensity. Jointly, there is the appearance of two new peaks, 
which are evidence of new internal bonds within the conventional C02 molecule. 
This evidently implies an increased energy content, thus establishing experimental 
foundations for the new technology of magnetically polarized fuels such as magne­
gas [2].Note that the computer interprets the IR signature as that of CO, which is 
erroneous since CO is out of the selected range of detection. 

neclusters, which then recombine with other molecules, atoms, and/or 
magnecules to form new clusters. The same scan provides first exper­
imental evidence of the accretion or loss by magnecules of individual 
atoms, dimers and molecules, as discussed later on. 
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Pig'Ure 8.11. A reproduction of the lack of identification in the computer search of 
small peaks in the IR scan, which can therefore be additional magnecules, or IR 
signatures of the magnecules appearing in the MS scan. 

Figure 8.15 depicts the failure by the GC-MS/IRD to identify the 
peaks of Figs. 8.13 and 8.14 following a search in the database among 
all known molecules. 

Figure 8.16 provides an independent confirmation that the IR scan of 
Fig. 8.9, namely, that the MS peaks, this time of Figs. 8.13 and 8.14, have 
no IR signature except for the single signature of the C02 . However, 
the latter was not detected at all in said MS scans. Therefore, the C02 
detected in said IR scan is a constituent of the new species detected in 
Figs. 8.13 and 8.14. The lack of IR signature of the MS peaks confirms 
that said peaks do not represent molecules. 
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Figure 8.12. A view of the background of the preceding tests following a weekend 
bakeout. 

Figure 8.17 confirms in full the mutated IR signature of C02 previ­
ously identified in Fig. 8.10, including the important presence of two new 
peaks, with the sole difference that, this time, the computer correctly 
identifies the IR signature as that of carbon dioxide. 

Figure 8.18 presents the background of the instrument after routine 
flushing with an inert gas, which background essentially preserves the 
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Pig'tLTe 8,13, A view of the Total Ion Count (top) and MS spectrum (below) ofmag­
negas conducted on July 25, 1998, via a HP GC-MS/IRD at the Pinellas County 
Forensic Laboratory (PCFL) of Largo, Florida, under support from Toups Technolo­
gies Licensing, Inc, (TTL) also of Largo, Florida. The scan is restricted to the range 
40 a.m.u to 500 a.m.u. and confirm all results of the preceding NTS tests. 

peaks of the MS scans, thus confirming the unique adhesion of mag­
necules to the instrument walls. 
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Fig'Ure 8.14. A repetition of the scan of the preceding figure conducted at PCFL in 
the same sample of magnegas on the same instrument and under the same conditions, 
but 30 minutes later. The scan provides the first experimental evidence of the muta­
tion of atomic weight of magnecules, as one can see from the variation of the peaks 
of this figure compared with that of the preceding figure. 

9.4. Interpretations of the Results 
A few comments are now in order for the correct interpretation of the 

results. First, note in the GC-MS/IRD scans that the C02 detected in 
the IRD has no counterpart in the MS scans, while none of the peaks in 
the MS have a counterpart in the IR scans. Alternatively, the C02 peak 
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Pig'Ure 8.15. Lack of identification by the computer of the CC-MS /IRD at PCFL of 
the MS peaks of the preceding two scans following search among the database on all 
available molecules. 

detected in the IR scans of Figs. 8.10 and 8.17 does not correspond to 
any peak in the MS scans in Figs. 8.7, 8.13 and 8.14. Therefore, said 
IR peak identifies a constituent of the MS clusters, and not an isolated 
molecule. 

Moreover, the IR scan was done for the entire range of 40 to 500 a.m.u., 
thus establishing that said IR peak is the sole conventional constituent 
in macroscopic percentage in said a.m.u. range of all MS peaks, namely, 
the single constituent identified by the IRD is a constituent of all MS 
peaks. 

It should also be noted that, as recalled earlier, the IR only detects 
dimers such as C-0, H-0, etc., and does not detect complete molecules. 
Therefore, the peak detected by the IRD is not sufficient to establish the 
presence of the complete molecule C02 unless the latter is independently 
identified in the MS. Yet the MS scan does not identify any peak for the 
C02 molecule, as indicated earlier. Despite that, the presence in the 
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Pig'ure 8.16. A confirmation of the lack of IR signature of the peaks of Figs. 8.13 
and 8.14, as occurred for Fig. 8.9, which establishes that the MS peaks of Figs. 8.13 
and 8.14 cannot have a valence bond, thus constituting a new chemical species. 

MS peaks of complete molecules C02 cannot be ruled out. Therefore, 
the most plausible conclusion is that the MS peaks represent clusters 
composed of a percentage of C-0 dimers and another percentage of 
C02 molecules, plus other dimers, and/or molecules, and/or atoms with 
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Pig·ure 8.11. The independent confirmation at the PCFL of the NTS finding of 
Fig. 8.10 regarding the mutated IR signature of the C02 in magnegas. Note the 
identical shapes of the mutated IR peak in the top of the above figure, and that in 
Fig. 8.10 obtained via a different instrument. Note also the appearance again of two 
new peaks in the IR signature of C02, which indicate the presence of new internal 
bonds not present in the conventional molecule. Note finally that the instrument now 
correctly identifies the signature as that of the C02. 

atomic weight smaller than 40 a.m. u., thus outside the range of the 
considered scans. 

As indicated earlier, the presence of dimers and individual atoms in 
magnegas is essential for a quantitative interpretation of the large excess 
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Pig·ure 8.18. The first direct experimental verification at PCFL of the anomalous ad­
hesion of magnecules. The figure reproduces the background of the instrument upon 
completion of the measurements, removal of magnegas, and conventional flushing. As 
one can see, the background results in being very similar to the MS scan during the 
tests, thus establishing that part of the gas had remained in the interior of the instru­
ment. This behavior can only be explained via the induced magnetic polarization of 
the atoms in the walls of the instrument, with consequential adhesion of magnecules. 
It should be noted that this anomalous adhesion has been confirmed by all subse­
quent tests for both the gaseous and liquid states. The removal of magnecules in the 
instrument after tests required flushing with an inert gas at high temperature. 

of energy contained in this new fuel, the order of at least three times 
the value predicted by quantum chemistry, which energy is released dur­
ing combustion. The admission of dimers and atoms as constituents 
of magnecules readily explains this anomalous energy content because 
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said dimers and atoms are released at the time of the combustion, thus 
being able at that time to form molecules with exothermic reactions 
of type (8.5). In the event magnecules would not contain dimers and 
atoms, their only possible constituents are conventional molecules, in 
which case no excess energy is possible during combustion. 

The large differences of MS peaks in the two tests at NTS and at PCFL 
of exactly the same gas in exactly the same range from 40 to 500 a.m. u., 
even though done with different GC-MS/IRD equipment, illustrates the 
importance of having a ramp time of the order of 26 minutes. In fact, 
sixteen different peaks appear in the MS scan following a ramp time of 
26 minutes, as illustrated by Fig. 8.7, while all these peaks collapsed 
into one single peak in the MS scan of Figs. 8.13 and 8.14, because the 
latter were done with a ramp time of about 1 minute. Therefore, the 
collapse of the sixteen peaks of Fig. 8. 7 into the single large peak of 
Figs. 8.13 and 8.14 is not a feature of magnecules, but rather it is due 
to the insufficient ramp time of the instrument. 

9.5. Concluding Remarks 
The tests on magnegas conducted at the McClellan Air Force Base 

and at Pinellas County Forensic Laboratory, as per representative scans 
of Figs. 8.7 to 8.18, constitute two independent verifications of all char­
acteristics of gas magnecules according to Definition 8.2.1 which can be 
detected via GC-MS equipped with IRD, the remaining characteristics 
requiring separate measurements presented in the next section. 

The first and perhaps most important evidence achieved for the first 
time in these tests is that the scans of Figs. 8. 7, 8.13 and 8.14 constitute 
independent experimental evidence of the new chemical species of mag­
necules in the terminology of Sect. 8.1 because they constitute not only 
an essentially pure, but actually a pure population of magnecules due to 
the complete absence of molecules in a directly detectable percentage. 

More generally, said independent tests, plus numerous additional tests 
not reported here for brevity, confirm the following features of Defini­
tion 8.2.1: 

I) Magnecules have been detected in MS scans at high atomic weights 
where no molecules are expected for the gas considered. In fact, the 
biggest molecule in macroscopic percentages of the magnegas tested, 
that produced from tap water with conventional chemical composition 
(8.20), is C02 with 44 a.m.u., while peaks in macroscopic percentages 
have been detected with ten times such an atomic weight and more. 

II) The MS peaks characterizing magnecules remain unidentified fol­
lowing a computer search among all known molecules. This feature has 
been independently verified for each of the sixteen peaks of Fig. 8. 7, for 
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all peaks of Figs. 8.13 and 8.14, as partially illustrated in Figs. 8.8 and 
8.15, as well as for all additional MS scans not reported here for brevity. 

III) The above MS peaks characterizing magnecules admit no IR sig­
nature, thus confirming that they do not have a valence bond. In fact, 
none of the peaks here considered had any IR signature as partially il­
lustrated in Figs. 8.9 and 8.16, thus confirming the achievement of an 
essentially pure population of magnecules. 

IV) The IR signature of the only molecule detected in macroscopic 
percentage, that of the C02, is mutated precisely with the appearance 
of two additional peaks, as shown in Fig. 8.10 and independently con­
firmed in Fig. 8.17. Since any peak in the IR signature represents an 
internal bond, the mutation here considered confirms the creation by 
the PlasmaArcFlow technology of new internal magnetic bonds within 
conventional molecules, as per Fig. 8.6. 

V) The anomalous adhesion of magnecules is confirmed in both tests 
from the evidence that the background (blank) at the end of the tests 
following conventional flushing continued to show the presence of essen­
tially the same magnecules detected during the tests, as illustrated in 
Figs. 8.12 and 8.18. 

VI) The atomic weight of magnecules mutates in time because mag­
necules can break down into fragments due to collisions, and then form 
new magnecules with other fragments. This feature is clearly illustrated 
by the macroscopic differences of the two scans of Figs. 8.13 and 8.14 via 
the same instrument on the same gas under the same conditions, only 
taken 30 minutes apart. 

VII) Magnecules can accrue or lose individual atoms, dimers or mo­
lecules. This additional feature is proved in the scans of Figs. 8.13 and 
8.14 in which one can see that: the peak at 286 a.m.u. of the former 
becoming 287 a.m.u. in the latter, thus establishing the accretion of one 
hydrogen atom; the peak at 302 a.m.u. in the former becomes 319 a.m.u. 
in the latter, thus establishing the accretion of the H-0 dimer; the peak 
at 328 a.m.u. in the former becomes 334 a.m.u. in the latter, thus es­
tablishing the accretion of one 02 molecule; the peak at 299 a.m.u. in 
the former become 297 a.m.u. in the latter, thus exhibiting the loss of 
one H2 molecule; etc. It should be indicated that these features have 
been confirmed by all subsequent GC-MS/IRD scans not reported here 
for brevity. 

The other features of Definition 8.2.l require measurements other than 
those via GC-MS/IRD and, as such, they will be discussed in the next 
section. 

Notice, as illustrated in Figs. 4.5 and 8.3, that there is no need for a 
total magnetic polarity in the clusters composing magnegas. As a matter 
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of fact, its absence is necessary to avoid the inconsistent prediction that 
all clusters are paramagnetic. The general expectation that a cluster 
can have a magnetic moment if and only if exhibited by the cluster as 
a whole is, perhaps, a reason for the lack of prediction and detection of 
magnecules until now. 

Similarly, ionic clusters must be excluded for any credible interpreta­
tion of the peaks of Figs. 8. 7 to 8.18 due to the fact that ions have the 
same charge and, therefore, they repel, rather than attract each other. 

Since the experimental evidence eliminates the possible valence or 
electric origin of the bond, the sole remaining possibility is that the at­
tractive force responsible for the peaks is of magnetic character, namely, 
that said peaks constitute magnecules. 

In closing the author would like to stress that the above findings, even 
though independently confirmed numerous times, should be considered 
preliminary and in need of additional independent verifications, which 
are here solicited under the suggestion that: 

1) Only peaks with macroscopic percentages should be initially con­
sidered to avoid shifting issues of primary relevance into other of com­
paratively marginal importance at this time; 

2) The internal attractive force necessary for the very existence of 
cluster is identified in clear numerical terms without vague nomencla­
tures deprived of an actual physical reality, or prohibited by physical 
laws; and 

3) The adopted terminology is identified with care. The word "mag­
necule" is a mere name intended to denote a chemical species possessing 
the specifically identified characteristics I) to XV) of Definition 8.2.1 
which are distinctly different than the corresponding characteristics of 
molecules. Therefore, the new species can not be correctly called mole­
cules. The important features are these distinctly new characteristics, 
and not the name selected for their unified referral. 

10. Experimental Evidence of Liquid Magnecules 

10.1. Preparation of Liquid Magnecules used in 
the Tests 

In early 1998 Santilli [1] obtained a number of samples of fragrance oils 
from Givaudan-Roure Corporation (GR) with headquarters in Teaneck, 
New Jersey. About 50 cc of various samples of perfectly transparent 
fragrance oils were placed in individual glass containers. One polarity of 
an alnico permanent magnet with 12,000 G and dimension 1/2" x 1" x 2" 
was immersed within said oils. 
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Starting with a perfect transparency, after a few days a darkening of 
the oils became visible, jointly with a visible increase of the viscosity, 
with changes evidently varying from oil to oil. Subsequently, there was 
the appearance of granules of dark complexes in the interior of the oil 
which were visible to the naked eye. Both the darkening and the viscosity 
increased progressively in subsequent days, to reach in certain cases a 
dark brown color completely opaque to light. The viscosity increased to 
such an extent that the oil lost all its fluidity. 

It should be stressed that the above visible effects are of pure magnetic 
origin because of the lack of any other contribution, e.g., the complete 
absence of any additives. After the immersion of the permanent magnets, 
all samples were left undisturbed at ordinary room conditions. The 
indicated effects remain unchanged to this day, thus showing that the 
changes were stable at ordinary conditions of temperature and pressure. 

Santilli's [1] main hypothesis on the darkening of the oils is that their 
molecules acquire a magnetic polarization in the orbits of at least some 
of their atomic electrons (called in chemistry cyclotron resonance orbits), 
by therefore bonding to each other according to Definition 8.2.1 in a way 
similar to the corresponding occurrence for gases. 

It should also be indicate that the immersion of one polarity of a 
permanent magnet in fragrance oils is, evidently, a rudimentary way 
to create magnecules in detectable percentage although not an essen­
tially pure population of magnecules as requested for a new chemical 
species (see Sect. 8.1). A number of more sophisticated magnetic po­
larization techniques are now available with rather complex geometries. 
Also, as indicated in Sect. 8.5, an essentially pure population of liquid 
magnecules can be reached via the PlasmaArcFlow reactors described 
in the preceding chapter. 

10.2. Photographic Evidence of Magnecules in 
Liquids 

The above alteration of the structure of fragrance oils was confirmed 
by photographs taken by the GR Research Laboratory in Dubendorf, 
Switzerland, via a microscope with minimal magnification, as illustrated 
in the pictures of Figs. 8.19 and 8.20. 

The pictures of Fig. 8.19 refer to the GR fragrance oil received under 
the code "ING258AIN, Text 2" subjected to the rudimentary magnetic 
polarization indicated in the preceding section under the respective mag­
nification lOX and lOOX. 

As one can see, these photographs establish that, under the indicated 
magnetic treatment, the oil has acquired a structure of the type of" brick 
layering" which is visible under only lOX magnification, and is per se 
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Pig'Ure 8.1Y. A photographic evidence of magnecules in liquids obtained at the 
Givaudan-Roure Research Laboratory in Dubendorf, Switzerland, in the GR fragrance 
oil "ING258IN Test 2" under magnifications lOX and lOOX [1]. 

highly anomalous for a liquid that was originally fully transparent. Note 
that the magnecules are not constituted by the individual "bricks," but 
rather by the dark substance which interlock said "bricks." This point 
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Fig·ure 8.20. Confirmation of magnecules in GR fragrance oil" Mixture 2" under lOX 
and lOOX obtained at the University of South Florida in St. Petersburg. Note the 
difference in sizes of the magnecules and their difference with those of Fig. 8.19 [1]. 

is important to understand the size of the magnecule here considered 
which covers the entire 50 cc of the liquid. 
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The photographs in Figs. 8.20 were taken at the University of South 
Florida in St. Petersburg via a microscope with the same magnifica­
tions lOX and lOOX, but refer to a different GR fragrance oil received 
under the code "Mixture 2" and magnetically treated to such a point 
of completely losing transparency and fluidity. As one can see, the lat­
ter picture provides confirmation that, following exposure to a 12,000 G 
magnetic field, fragrance oil molecules bond together into rather large 
clusters estimated to be well in excess of 10,000 a.m. u., that is, with 
an atomic weight which is dramatically bigger than that of the largest 
molecule composing the oil, as per Feature I) of Definition 8.2.1. 

Inspection of the various photographs shows a variety of sizes of mag­
necules, thus establishing their lack of unique characteristics for any 
given liquid. This evidently confirms the lack of a valence bond. Inspec­
tion of the samples also show the magnecules capability of increasing 
their size via the accretion of further oil molecules. 

Other photographic documentations of various magnecules in liquids 
were done, by confirming the findings of Figs. 8.19 and 8.20. 

10.3. Spectroscopic Evidence of Liquid 
Magnecules at the Tekmar-Dohrmann 
Corporation 

The first experimental evidence of magnecules in liquids was estab­
lished on May 5, 1998, by analysts Brian Wallace and Mia Burnett at 
Tekmar-Dohrmann Corporation (TDC) in Cincinnati, Ohio, operating a 
Tekmar 7000 HT Static Headspacer Autosampler equipped with a Flame 
Ionization Detector (FID). The tests were repeated on May 8 and 11, 
1998, by confirming the preceding results. It should be noted that the 
Tekmar equipment lacks the computer search as well as the UV scan. 
Also, the instrument had limited capability in atomic weight. Finally, 
the FID was permitted in this case because the liquids were not com­
bustible. 

The measurements were done on: Sample 1, pure (magnetically un­
treated) GR "Fragrance Oil 2"; Sample 2, magnetically untreated tap 
water; and Sample 3, a magnetically treated mixture of the two. 

Despite these limitations, the results of the Tekmar tests provided 
the fi.rst direct spectroscopic evidence of the existence of magnecules in 
liquids, including the fi.rst direct experimental evidence of water magne­
plexes as per Definition 8.2.1. In particular, these tests established that 
magnecules in liquids have the same main features of the magnecules in 
gases. 

To avoid a prohibitive length we reproduce only a few representative 
scans in Figs. 8.21 to 8.25 [1]. Figure 8.21 reproduces the origin test of 
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Fig'ure 8.21. A first scan done on May 5, 1998, 8.18 a.m. at Tekmar Dohrmann 
Company (TDC) in Cincinnati, Ohio, via a Tekmar 7000 HT Static Headspacer Au­
tosampler with a Flame Ionization Detector (FID). 

the fragrance oil without magnetic treatment. Note the dominance of 
three molecules denoted "Peak l" with 24.283, "Peak 2" with 3.193 
and "Peak 3" with 70.003. Figure 8.22 depicts the background which 
is shown to be correct. Figure 8.23 represent the scan of magnetically 
treated water with a large "unknown l" with 64.243 and "unknown 2" 
with 33.533 totaling 97.783. This is evidence of the creation of mag-
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Fig·u-re 8.22. The scan at TDC on 5/5/98 at 8.19 a.m. to check that the background 
is correct. 

necules in water, also called magneplexes according to Definition 8.2.1. 
Figure 8.24 represents a scan of the magnetically treated combination 
of water and fragrance oil with "unknown l" 1.753 and "unknown 2" 
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Pig'Ure 8.23. The scan at TDC on 5/5/98 at 8.19 a.m. on the magnetically treated 
water which constitutes experimental evidence of magnecules in water given by the 
large unknown peak. 

with 0.453. An important information of this scan is that the original 
Peak 1 of Fig. 8.21 with 24.283 and Peak 3 with 70.003 have been 
decreased to the values 5.333 and 68. 713, respectively. This is evi­
dence that the missing percentages of these molecules have been used 
in the formation of magnecules. Figure 8.25 reproduces the background 
following the tests and routine flushing. As one can see, the scan pre-
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Fig·ure 8.24. The scan on 5/5/98 at 8.21 a.m. on the magnetically treated mixture 
of water and fragrance oil of scan 8.21 which constitutes evidence of magnecules given 
by two unknown peaks. 

serves macroscopic percentages of the preceding scans, thus confirming 
the anomalous adhesion also existing in gas magnecules. 
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Fig'Ure 8.25. The scan at TDC on 5/5/98 at 2.26 p.m. on the background with 
anomalous adhesion confirming the corresponding anomalous background for gas mag­
necules. 

10.4. Spectroscopic Evidence of Liquid 
Magnecules at Florida International 
University 

Additional comprehensive tests via a modern equipment for LC-MS 
equipped with UVD were conducted on the GR fragrance oil "ING258IN 
Test 2" of Figs. 8.19 on December 1, 1998, at the chemistry laboratory 
of Florida International University (FIU) in Miami, Florida. The tests 
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were then repeated on December 1 7 and 18 by confirming the preceding 
results. 

The tests were conducted under a number of technical characteriza­
tions specifically selected to detect magnecules, among which include: 

1) Total Ion Chromatogram (TIC) collected under the positive ion 
atmospheric pressure electrospray ionization (ESI +) mode; 

2) Integrated TIC with retention times and areas for the most abun­
dant peaks; 

3) Raw mass spectra for all peaks identified in item 2; 
4) HP LC chromatograms collected at fixed wavelength of 254 cm; 

and 
5) UV-visible spectra form the HPLC diode array detector with 230-

700 mm. 
The tests were conducted on the following samples: 
I) Sample GR331, the magnetically untreated, fully transparent GR 

fragrance oil "ING258IN Test 2"; 
II) Sample GR332, magnetically treated "ING258IN Test 2" with 103 

Dipropylene Glycol (DPG); 
III) Sample GR332S, bottom layer of the preceding sample; 
IV) Sample GR335, magnetically treated mixture 43 GR fragrance 

oil "ING258IN Test 2", 0.43 DPG and 953 tap water; and 
V) Sample GR3350, visible dark clusters in the preceding sample. 
To avoid a prohibitive length of this presentation, only representative 

scans are reproduced in Figs. 8.26 to 8.30 [1]. As one can see, these 
scans provide a second experimental evidence of magnecules in liquids 
as evident in comparing the peaks of the untreated liquid with those of 
the treated one. 

A few comments are in order. To understand the FIU measurements 
the reader should keep in mind that the liquid is that of Fig. 8.18. Con­
sequently, the magnecules to be tested are visible to the naked eye. 
Therefore, only minute fragments entered the capillary feeding lines of 
the LC-MS/UVD instrument. 

Finally, the reader should keep in mind that the magnetic polarization 
of the test has been minimal, and the liquid does not constitute a pure 
population of liquid magnecules. The latter case is available from the 
PlasmaArcFlow reactors of Chapter 7 whose study is here omitted. 

11. Experimental Verification of Mutated 
Physical Characteristics 

In addition to the preceding chemical features, the existence of mag­
necules implies the mutation of physical characteristics, such as increase 
of the specific density and viscosity. This is due to the fact that magnetic 
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Figure 8.26. Scan on the untreated GR oil "ING258IN Test 2" of Fig. 8.18 (GR331 
of the text) conducted at Florida International University (FIU). 

bonds among ordinary molecules imply an evident reduction of inter­
molecular distances, thus resulting in more molecules per unit volume, 
as compared to the magnetically untreated substance. The increases in 
density and viscosity are then consequential. 
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Figure 8.27. Scan at FIU of Sample GR332. 

A most intriguing feature of gas magnecules with important scientific 
and industrial implications is that the Avogadro number of a gas with 
magnecular structure is not constant, or, equivalently, the so-called "gas 
constant" R of a gas with magnecular structure is an (expectedly non­
linear) function of P, V, T, R = R(P, V, T), resulting in the generalized 
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PV T = nR(P, V,T), 
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where the explicit dependence of R on P, V, and T depends on the 
magnecular gas considered. 
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Fig·are 8.29. Scan at FIU of Sample GR335. 

The variation of the Avogadro number for gas with magnecular struc­
ture has been proved by routine tests at USMagnegas, Inc., Largo, 
Florida, establishing that: 

1) The number of constituents of a gas with magnecular structure 
decreases with a sufficient increase of the pressure; 
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2) Given a fixed and sealed tank with volume V of a gas with mag­
necular structure at given pressure P and temperature T, after bringing 
this tank to a sufficiently higher temperature T' > T, and then return­
ing it to the original temperature T, the pressure of the tank is not the 
original pressure P but a generally bigger pressure P' > P; 
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3) The increase of pressure of a gas with magnecular structure requires 
a volume which generally increases with the pressure itself, that is, if the 
increase of pressure in a given tank from 100 psi to 200 psi requires V cf 
of magnecular gas, the same increase of pressure in the same tank via the 
same gas, this time from 4,000 psi to 4,100 psi at the same temperature 
does not require the same volume V but a volume V' of the magnecular 
gas bigger than the original volume, V' > V. 

The above deviations from the conventional gas law are easily ex­
plained by the fact that the increase of pressure in a gas with magnec­
ular structure generally implies the aggregation of magnecules into big­
ger clusters, with consequential decrease of the number of constituents. 
Similarly, the increase of temperature generally implies the breaking 
down of magnecules into smaller clusters, with consequential increase 
of the number of constituents and resulting anomalous increase of pres­
sure. It then follows that, if the increase of temperature of a given 
fixed volume is beyond the Curie Magnecular Point (Definition 8.2.1), 
all magnetic polarizations are terminated with consequential increase of 
the number of constituents due to the reduction of magnecules to mole­
cules. This implies that the return of the gas to the original temperature 
does not restore the original magnecules, and, consequently, the return 
to the original temperature generally occurs at an increased pressure due 
to the increased number of constituents. 

We now report measurements of specific density, viscosity and other 
characteristics of fluids with magnecular structure which confirm the 
above GC-MS/IRD and LC-MS/UVD tests, by providing final evidence 
on the existence of magnecules as per Definition 8.2.1. 

All tests were done via the use of ordinary tap water and a number 
of GR fragrance oils. All samples here considered were prepared by con­
ventionally mixing tap water and one fragrant oil, and then submitting 
that mixture to rather weak permanent magnets of 200 G (much weaker 
than those used for the fragrance oils of Figs. 8.18 and 8.19). All sam­
ples resulted in being very stable without any measurable change over a 
period of about one year, and survived freezing followed by defrosting. 
The various samples were numbered from 1 to 25. 

The measurements of the specific density were conducted on March 
9, 1998 by the U.S. Testing Company, Inc. (USTC) of Fairfield, New 
Jersey. The results of the tests are presented in Figs. 8.31 and 8.32. 

Sample 1 is ordinary untreated tap water. Sample 2 is ordinary tap 
water magnetically treated for about 5 minutes. Samples 3 and 4 were 
tap water treated with other magnetic equipment. Sample 5 was or­
dinary untreated GR fragrance oil "APC Fragrance." Sample 6 was a 
mixture of fragrance oil 5 with tap water magnetically treated for about 
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MilleMium Results 

Density ol gtmt. 'JCi Change ~nsity vs Ordir.ary 
Watfllt 

Sarnple 11 0.980$ 0 

Samp1en 0.9889 +0.86 

Sample In 0.9804 0 

Samplel4 0.9853 +-0.49 

F~U.S 0.9720 NA 

M"IXtllf9 #6 0.9907 +1.65 

M"ooure ffT 0.9982 +1.80 

Mfxt!Jre 114 0.990Z 0.99 

Treated Water #16 0.9393 0.89 

FragTreate<f 117 0.9453 NA 

Minuel#13 0.9902 0.99 

MWi.nl19 0.9929 1.28 

Samples were IJ"iltlsferred !O a separatoty l\Jnn!lf. The !ayef"S were allcwed to separata. 
The w.rtcr lciyel' WWI withdrawn into a fuorial with 'Ai'hatman IU filter paper. Th• filtrahll 
Wa$ transferred to a~ 10 ml vorumetrlc; !!ask. The s.amp!ci wasi weigrn:<I to 
0.0001 grams and the d1n.sity \:aloJ!alell 

\Mien !ha s..imp!es wera PW'lll S(.;hslaiK:es, they were transferred dfreafy to pn!WQighed 
10 ml vclumttric llaskt. 

Cara4ations: 

Wtight ffash with sample ·weight If.as~ .- volume of Rask • gl ml 

Arl:fTI Sll:Ulle, Ph.O, 

Figure 8.31. USTC measurements of specific density on magnetically treated liquids. 
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SUBJECT: 

PURPOSE: 

TEST DATE: 

PROCEDURE: 

RESULTS: 

Si!mple ldentificgtioo 

1) Motor Oil, •as~· 

Three (3) samples received on 02109198 and identified by the client as: 

Determine the density and viscosity of the three samples. 

02125/96 

Three 10 milliliter volumetrtic flasks were pre-weighed. One of the samples was 
transferred to each of the volumetric flasks with a pipet The iamples were 
weighed again. The density of each sample was calculated. 

The three oil samples were measured for viscosity using a Kinematic viscometer 
(ASTM D-445). 

Viscositv (cps) !n<(@as~ Viscosi\y % 

199.8 0 
2) Motor Oil, Treatment Type A 

Density, g!ml.l 

0.8682 
0.8714 
08689 

288.7 44.5 
3) Motor Oil, Treatment Type B 

9iu~.~~P-· fla~:r~tory Superv•sor 

!mo 

302.0 "'- 51.2 

\1GNEO F~HE,COMPANY BY: 

--4~ 
Arlyn Sibille, Ph.D. 
Laboratory Director 
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F-ig'ure 8.32. USTC measurements of viscosity on magnetically treated liquids. 

5 minutes. Mixtures 7 and 8 were the same mixture 5 although treated 
with other equipment. Sample 17 was a magnetically treated GR oil 
"Air Freshener l." Mixture 19 was Fragrance 17 with tap water 16 mag­
netically treated for 5 minutes. Note that all measurements were done 
to an accuracy of the fourth digit. Therefore, numerical results up to 
the third digit can be considered accurate. 

In the transition from Sample 1 (untreated water) to Sample 2 (mag­
netically treated water) there is an increase in the specific density in 
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the macroscopic amount of 0.863, thus confirming the indicated mu­
tation of the specific density of water under a magnetic treatment. In 
turn, the increase in density supports the existence of magneplexes in 
magnetically treated water as per the scan of Fig. 8.27. 

As well known, fragrance oils are (generally) lighter than water, i.e., 
the specific density of the untreated fragrance in Sample 5 is smaller 
than that of the untreated water in Sample l. According to quantum 
chemistry, the specific density of any mixture of the above two liquids, 
whether solution, suspension or dispersion, should be in between the 
lighter and heavier specific densities. 

On the contrary, as one can see, the specific density of the magnet­
ically treated mixture of GR fragrance with tap water, Sample 6, re­
sulted in being bigger than that of the densest liquid, the water. This 
measurement constitutes additional, rather strong, direct experimental 
verification of the mutation of physical characteristics in liquids under 
magnetic fields. 

A remarkable point is that the magnetic mutations of density are 
macroscopically large. In fact, they were called by an analyst "UPS-type 
anomalies", meaning that the shipment via UPS of a given volume of a 
magnetically treated liquid may require an increase of the shipping cost 
of the same volume of untreated liquid due to the macroscopic increase 
in the weight. 

A further prediction of magnetically polarized liquids is the increase of 
its viscosity. This is evidently due to the arbitrary size of an individual 
magnecule, as well as the tendency of the same to bond to near-by mo­
lecules, resulting in accretions, not to mention the anomalous adhesion 
to the walls of the container, which has been systematically detected for 
all magnetically polarized liquids. 

As indicated earlier, in certain cases the increase of viscosity is so 
large as to be first visible to the naked eye, and, when the treatment 
is sufficiently protracted, the increase in viscosity is such as to lose the 
customary liquid mobility. 

Ordinary engine oils are particularly suited for magnetic treatment 
because, when properly treated, their increase in viscosity is so dramatic 
as to be visible to the naked eye jointly with a visible change in visual 
appearance (color, texture, opacity, etc.). 

The measurements on viscosity are reported in Fig. 8.32. The selected 
engine oil was an ordinarily available 30-40 Castrol Motor Oil subjected 
to a particular type of magnetic treatments via two different kinds of 
equipment called of Type A and B. All treatments were done at ordinary 
conditions without any additive or change of any type. As one can 
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see, measurement 2 shows a dramatic increase in the viscosity in the 
magnetically treated oil of 44.5%. 

The above experimental results evidently provide additional support 
for the existence of magnecules. 

The tests also provide evidence of the anomalous adhesion of liquids 
with magnecules, which is established in this case by a dramatic, macro­
scopic increase of adhesion of the oil to the walls of the glass container. 

The same macroscopic anomaly is confirmed at the microscopic level. 
During the measurement of viscosity there was such an anomalous ad­
hesion of the magnetically treated oils to the walls of the instrument 
that said oil could not be removed via routine cleaning with acetone and 
required the use of strong acids. 

This anomalous adhesion is further experimental evidence of the ex­
istence of magnecules, because of their predicted capability to induce 
the polarization of the orbits of the valence electrons of the atoms in the 
walls of the container, thus resulting in anomalous adhesion via magnetic 
bonds due to induction. 

It is evident that the mutations of density and viscosity implies the 
expected mutation of all other physical characteristics of the liquid con­
sidered. These measurements are left to the interested researchers. 

The existence of mutation of physical characteristics then implies the 
mutation of chemical features. At this moment, we can only indicate the 
visual evidence reported by the analysts of USTC according to whom 
the reaction of magnetically treated oils with acetone is dramatically dif­
ferent from that with untreated oil, including mutations in color, texture 
and other appearances. 
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12. Concluding Remarks 

The theoretical and experimental evidence presented in this Chap­
ter establishes that the chemical species of molecules, defined as stable 
clusters of atoms under a valance bond, does not exhaust all possible 
chemical species existing in nature. 

This conclusion is proved beyond scientific doubt, for instance, by 
macroscopic percentage of stable clusters, with atomic weight of sev­
eral hundreds a.m.u., in light gases without an infrared signature where 
heaviest possible detected molecule is the C02 with 44 a.m.u.; the mu­
tation of transparent oils into a completely opaque substance without 
fluidity; the joint increase of the specific density for both gaseous and 
liquid cases; and other evidence. 

Needless to say, the final characterization and detection of the new 
chemical species submitted in Ref. [1] and reviewed in this chapter will 
require a considerable collegial effort, since the methods presented in this 
chapter are manifestly preliminary, with the understanding that, again, 
the existence of the new chemical species is outside scientific doubts. 

As a matter of fact, the proposed new chemical species of magnecules, 
which, according to Definition 8.2.1 includes that of molecules, cannot 
be considered itself as the final chemical species in nature as it is the 
fate proved by history for all scientific discoveries. 

As an example, the reformulation of magnecules via the hyperstruc­
tural branch of hadronic chemistry implies the prediction of the broader 
chemical species of hypermagnecules which is apparently more suitable 
to represent living organisms due to its inherent irreversibility, multidi­
mensional structure compatible with our three-dimensional sensory per­
ception, and other features needed for a more adequate representation of 
the complexities of living organisms. The novelty of this possible species 
is then an evident consequence of its novel features. Its need is estab­
lished by the fact that current attempts to decipher the DNA code via 
the numbers used for molecules and magnecules dating back to biblical 
times have little chance of success, thus mandating the use of broader 
numbers, such as the hypernumbers and related multi-dimensional struc­
tures. 

All in all, we can safely conclude that science is a discipline which will 
never admit final theories. 
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APPENDIX 8.A 
Aringazin's Studies on Toroidal Orbits of the Hy­

drogen Atom under an External Magnetic Field 
In the main text of this chapter we have presented the theoretical and experimental 

foundations of the new chemical species of magnecules which is centrally dependent 
on individual atoms acquiring a generally toroidal configuration of the orbits of at 
least the peripheral electrons when exposed to sufficiently intense external magnetic 
fields, as originally proposed by Santilli [1 J and reviewed in the main text of this 
Chapter. 

In this Appendix we outline the studies by Aringazin [8] on the Schrodinger equa­
tion of the hydrogen atom under a strong, external, static and uniform magnetic 
field which studies have confirmed the toroidal configuration of the electron orbits so 
crucial for the existence of the new chemical species of magnecules. 

It should be stressed that when considered at orbital distances (i.e., of the order of 
10-3 cm), atoms and molecules near the electric arc of hadronic reactors (Chapter 7), 
and in the plasma region, are exposed to a strong magnetic field, whose intensity may 
be high enough to cause the needed magnetic polarization (see Fig. 8.4.D). 

A weak, external, static, and uniform magnetic field B causes an anomalous Zee­
man splitting of the energy levels of the hydrogen atom, with ignorably small effects 
on the electron charge distribution. In the case of a more intense magnetic field 
which is strong enough to cause decoupling of a spin-orbital interaction (in atoms), 
enB /2mc > /::,.Ejj' c::: 10-3 e V, i.e., for B c::: 105 Gauss, a normal Zeeman effect is 
observed, again, with ignorably small deformation of the electron orbits. 

More particularly, in the case of a weak external magnetic field B, one can ignore 
the quadratic term in the field B because its contribution is small in comparison with 
that of the other terms in Schrodinger equation, so that the linear approximation in 
the field B can be used. In such a linear approximation, the wave function of electron 
remains unperturbed, with the only effect being the well known Zeeman splitting of 
the energy levels of the H atom. In both Zeeman effects, the interaction energy of the 
electron with the the magnetic field is assumed to be much smaller than the binding 
energy of the hydrogen atom, e1iB/2mc « me4 /21i2 = 13.6 eV, i.e., the intensity of 
the magnetic field is much smaller than some characteristic value, B « Bo = 2.4 · 109 

Gauss = 240000 Tesla (recall that 1 Tesla= 104 Gauss). Thus, the action of a weak 
magnetic field can be treated as a small perturbation of the hydrogen atom. 

In the case of a very strong magnetic field, B » Bo, the quadratic term in the 
field B makes a great contribution and cannot be ignored. Calculations show that, 
in this case, a considerable deformation of the electron charge distribution in the 
hydrogen atom occurs. More specifically, under the influence of a very strong external 
magnetic field a magnetic confinement takes place, i.e., in the plane perpendicular to 
the direction of magnetic field (see Fig. 8.4.D), the electron dynamics is determined 
mainly by the action of the magnetic field, while the Coulomb interaction of the 
electron with the nucleus can be viewed as a small perturbation. This adiabatic 
approximation allows one to separate variables in the associated Schrodinger equation 
[9]. At the same time, in the direction of the magnetic field the motion of electron 
is governed both by the magnetic field and the Coulomb interaction of the electron 
with the nucleus. 

The highest intensities of magnetic fields maintained macroscopically at large dis­
tances in modern magnet laboratories are of the order of 105 

- 106 Gauss ( ~ 50 Tesla), 
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i.e., they are much below Bo= 2.4· 109 Gauss(~ 105 Tesla). Extremely intense exter­
nal magnetic fields, B 2: Be= B0 /a2 =4.4·1013 Gauss, correspond to the interaction 
energy of the order of the mass of electron, mc2 = 0.5 MeV, where a= e2 /he is the 
fine structure constant. In this case, despite the fact that the extremely strong mag­
netic field does characterize a stable vacuum in respect to creation of electron-positron 
pairs, one should account for relativistic and quantum electrodynamics (QED) effects, 
and invoke Dirac or Bethe-Salpeter equation. These contributions are of interest in 
astrophysics, for example, in studying the atmosphere of neutron stars and white 
dwarfs which are characterized by B c::: 109 

... 1013 Gauss. 

Aringazin [8] has focused his studies on magnetic fields with intensities of the 
order of 2.4 · 1010 

:::; B :::; 2.4 · 1013 Gauss, at which value nonrelativistic studies via 
the Schrodinger equation can be used to a very good accuracy, and the adiabatic 
approximations can be made. 

Relativistic and QED effects (loop contributions), as well as effects related to fi­
nite mass, size, and magnetic moment of the nucleus, and the finite electromagnetic 
radius of electron, reveal themselves even at low magnetic field intensities, and can be 
accounted for as very small perturbations. Additional effects are related to the appar­
ent deviation from QED of strongly correlated valence bonds as studies in Chapter 4. 
These effects are beyond the scope of the presented study, while being important for 
high precision studies, such as those on stringent tests of the Lamb shift. 

It should be noted that locally high-intensity magnetic fields may arise in plasma 
as the result of nonlinear effects, which can lead to the creation of stable self-confined 
structures having nontrivial topology with knots [10]. More particularly, Faddeev 
and Niemi [10] recently argued that the static equilibrium configurations within the 
plasma are topologically stable solitons describing knotted and linked fiuxtubes of 
helical magnetic fields. In the region close to such fiuxtubes, we suppose the magnetic 
field intensity may be as high as Bo. In view of this, a study of the action of strong 
magnetic field and the fiuxtubes of magnetic fields on atoms and molecules becomes of 
great interest in theoretical and applicational plasmachemistry. Possible applications 
are conceivable for the new chemical species of magnecules. 

As a result of the action of a very strong magnetic field, atoms attain a great 
binding energy as compared to the case of zero magnetic field. Even at intermediate 
B c::: Bo, the binding energy of atoms greatly deviates from that of the zero-field case, 
and even lower field intensities may essentially affect chemical properties of molecules 
of heavy atoms. This occurrence permits the creation of various other bound states 
in molecules, clusters and bulk matter [9, 11, 12]. 

The paper by Lai [12] is focused on very strong magnetic fields, B » Bo, mo­
tivated by astrophysical applications, and provides a good survey of the early and 
recent studies in the field, including studies on the intermediate range, B c::: Bo, 
multi-electron atoms, and H2 molecule. Several papers using variational/numerical 
and/or analytical approaches to the problem of light and heavy atoms, ions, and H2 
molecule in strong magnetic field, have been published within the last years (see, e.g., 
references in [12]). However, highly magnetized molecules of heavy atoms have not 
been systematically investigated until Santilli's proposal for the new species of mag­
necules [1]. One of the surprising implications is that for some diatomic molecules 
of heavy atoms, the molecular binding energy is predicted to be several times bigger 
than the ground state energy of individual atom [13]. 

To estimate the intensity of the magnetic field which causes considerable defor­
mation of the ground state electron orbit of the H atom, one can formally com-
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pare Bohr radius of the H atom in the ground state, in zero external magnetic field, 
ao = h 2 /me2 

'.:O:'. 0.53 · 10-s cm= 1 a.u., with the radius of orbit of a single electron 
moving in the external static uniform magnetic field B. 

The mean radius of the orbital of a single electron moving in a static uniform 
magnetic field can be calculated exactly by using Schrodinger's equation, and it is 
given by 

Rn= Jn+,.//2 1 (8.A.1) 

where 'Y = eB /2hc, B is intensity of the magnetic field pointed along the z axis, 
B = (0, 0, B), r = (r, <p, z) in cylindrical coordinates, and n = 0, 1, ... is the principal 
quantum number. Thus, the radius of the orbit takes discrete set of values (8.A.1), 
and is referred to as Landau radius. This is in contrast to well known classical 
motion of electrons in an external magnetic field, with the radius of the orbit being 
of a continuous set of values. 

The energy levels En of a single electron moving in said external magnetic field 
are referred to as Landau energy levels, 

(8.A.2) 

where n = eB/mc is so called cyclotron frequency, and hkz is a projection of the 
electron momentum hk on the direction of the magnetic field, -oo < kz < oo, m is 
mass of electron, and -e is charge of electron. 

Landau's energy levels Ej; correspond to a discrete set of round orbits of the 
electron which are projected to the transverse plane. The energy Et corresponds to 
a free motion of the electron in parallel to the magnetic field (continuous spectrum), 
with a conserved momentum hkz along the magnetic field. 

In regard to the above review of Landau's results, we recall that in the general 
case of a uniform external magnetic field the coordinate and spin components of the 
total wave function of the electron can always be separated. 

The corresponding coordinate component of the total wave function of the electron, 
obtained as an exact solution of Schrodinger equation for a single electron moving in 
the external magnetic field with vector-potential chosen as Ar = Az = 0, A\O = r B /2, 

h
2 

( 2 1 1 2 2 2 2 . ) 
- 2m ar + --;:8, + r 2 a"°+ az - 'Y r + 2i'Y8"° 1/; = E'l/;, (8.A.3) 

is of the following form [9]: 

(8.A.4) 

where Ins (p) is Laguerre function, 

I ( ) __ 1_ -p/2 (n-s)/2Qn-s( )· (8 A 5) ns P - ~e p s P , . · 
vn!s! 

Q~-s is Laguerre polynomial, L is normalization constant, l = 0, ±1, ±2, ... is az­
imuthal quantum number, s = n - l is radial quantum number, and p = "(r 2

. 

Spin components of the total wave function are trivially given by 

(8.A.6) 
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with the corresponding energies Espin = ±µoB, to be added to the energy (8.A.2); 
µo = e1i/2mc is Bohr magneton. 

For the ground Landau level, i.e. at n = 0 and s = 0, and zero momentum of 
electron in the z-direction, i.e. nkz = 0, we have from (8.A.2) 

EJ_ _ enB 
0 - 2mc' (8.A. 7) 

and due to Eq. (8.A.4) the corresponding normalized ground state wave function is 

1/Jooo(r, <.p, z) = 1/Jooo(r) = ~ e--rr
212

, 

./~=f027' rdrdcp l1/Joool 2 = 1. 

0.5 

0. 4 

·~ 0. 3 
0, 

0. 2 

0 .1 

\ 

' ' 

r, a.u. 

(8.A.8) 

Fig·ure 8.A.l. Landau's ground state wave function of a single electron, 1/Jooo (solid 
curve), Eq. (8.A.8), in a strong external magnetic field B = Bo = 2.4 · 109 Gauss, 
as function of the distance r in cylindrical coordinates, and (for a comparison) the 
hydrogen ground state wave function (at zero external magnetic field), (1/ yfir)e-r/ao 

(dashed curve), as function of the distance r in spherical coordinates. The associated 
probability densities are shown in Fig. 8.A.2; 1 a.u. = ao = 0.53 · 10-8 cm. 

The corresponding (smallest) Landau's radius of the orbit of electron is 

(8.A.9) 

in terms of which 1/Jooo reads 

(8.A.10) 

Figure 8.A.1 depicts Landau's ground state wave function of a single electron, 
1/Jooo, in the strong external magnetic field B = Bo = 2.4 · 109 Gauss (Ro = 1 
a.u.), and (for a comparison) of the hydrogen ground state wave function, at zero 
external magnetic field, (1/ yfir)e-r/ao, Figures 8.A.2 and 8.A.3 display the associated 
probability density of the electron as a function of the distance r from the center of 
the orbit, the radius of which is about 1 a.u. 

The condition that Landau's radius is smaller than Bohr's radius, Ro < ao (which 
is adopted here as the condition of a considerable "deformation" of the electron orbit 
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r, a.u. 

Fig'Ure 8.A.2. Probability density for the case of Landau's ground state of a single 
electron, 27frl"¢oool 2 (solid curve), Eq. (8.A.8), in a strong external magnetic field 
B = Bo = 2.4 · 109 Gauss, as a function of the distance r in cylindrical coordinates, 
and (for a comparison) the probability density of the hydrogen atom ground state 
(at zero external magnetic field), 47rr 2 l(l/fa)e-r/riol 2 (dashed curve), as function of 
the distance r in spherical coordinates. The associated wave functions are shown in 
Fig. 8.A.1; 1 a.u. = 0.53 · 10-8 cm. 

Pig'Ure 8.A.3. Contour plot of the (r, tp) probability density for the case of Landau's 
ground state of a single electron, 27rrl"¢oool 2

, Eq. (8.A.8), in strong external magnetic 
field B = Bo = 2.4 · 109 Gauss, as a function of the distance in a.u. (1 a.u. = 
0.53 · 10-s cm). The lighter area corresponds to a bigger probability of finding the 
electron. The set of maximal values of the probability density is referred to as an 
"orbit". 

of the H atom) then implies 

m 2 ce3 
g 

B > Bo = --y;yr- = 2.351 · 10 Gauss, (8.A.11) 
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where mis mass of electron. Equivalently, this deformation condition corresponds to 
the case when the binding energy of the H atom, IEJ3°hr I = I - me4 /21i 2 I = 0.5 a. u. 
= 13.6 eV, is smaller than the ground Landau energy Ecf-. 

The above critical value of the magnetic field, Bo, is naturally taken as an atomic 
unit for the strength of the magnetic field, and corresponds to the case when the pure 
Coulomb interaction energy of the electron with nucleus is equal to the interaction 
energy of the single electron with the external magnetic field, IEJ3°hrl = Ecf- = 13.6 
eV, or equivalently, when Bohr radius is equal to Landau radius, ao =Ro= 0.53· 10-8 

cm. 
It should be stressed here that the characteristic parameters, Bohr's energy I EJ3°hr I 

and Bohr's radius a0 , of the H atom have the purpose to establish a criterium for 
the critical strength of the external magnetic field of the hydrogen atom under the 
conditions here considered. For other atoms the critical value of the magnetic field 
may be evidently different. 

After outlining the quantum dynamics of a single electron in an external magnetic 
field, Aringazin (8] turns to the consideration of the H atom under an external static 
uniform magnetic field. 

In the cylindrical coordinate system (r, <.p, z), in which the external magnetic field 
is iJ = (0, 0, B), i.e., the magnetic field is directed along the z-axis, Schrodinger's 
equation for an electron moving around a fixed proton (Born-Oppenheimer approxi­
mation) in the presence of the external magnetic field is given by 

1i 
2 

( 2 1 1 2 2 2me
2 

2 2 . ) 
--

2 
or+ -or+ 2 o<p +oz+ 2 v'r2+Z2 -1 r + 2i1o<p 'i/J = E'i/J, 

m r r 1i r2 + z2 
(8.A.12) 

where I = eB /21ic. 
The main problem in the nonrelativistic study of the hydrogen atom in an ex­

ternal magnetic field is to solve the above Schrodinger equation and find the energy 
spectrum. This equation is not analytically tractable so that one is led to use approx­
imations. 

In the approximation of a very strong magnetic field, B » Bo = 2.4 · 109 Gauss, 
Coulomb interaction of the electron with the nucleus is not important, in the trans­
verse plane, in comparison to the interaction of the electron with external magnetic 
field. Therefore, in accord to the exact solution (8.A.4) for a single electron, one 
can look for an approximate ground state solution of Eq. (8.A.12) in the form of 
factorized transverse and longitudinal parts, 

(8.A.13) 

where x(z) is the longitudinal wave function to be found. This is so called adiabatic 
approximation. In general, the adiabatic approximation corresponds to the case when 
the transverse motion of electron is totally determined by the intense magnetic field, 
which makes the electron "dance" at its cyclotron frequency. Specifically, the radius 
of the orbit is then much smaller than Bohr radius, Ro « ao. The remaining problem 
is thus to find longitudinal energy spectrum, in the z direction. 

Inserting tehe wave function (8.A.13) into the Schrodinger equation (8.A.12), mul­
tiplying it by 'i/J*, and integrating over variables r and 'P in cylindrical coordinate 
system, one gets the following equation characterizing the z dependence of the wave 
function: 

( 
n,2 d2 n,2, ) 

- 2m dz 2 + --;:;:;:-- + C(z) x(z) = Ex(z), (8.A.14) 
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where 

2 loo e-p 2 z2 
C(z) = -.JYe dp = -e ..fiFYe'Y [1 - erf(.JYlzl)], 

. 0 V p + "(Z2 
(8.A.15) 

where erf(x) is the error function. 
The arising effective potential C(z) is of a nontrivial form, which does not allow 

to solve Eq. (8.A.14) analytically, so one can approximate it by simple potentials, to 
make an estimation on the ground state energy and wave function of the H atom. 

At high intensity of the magnetic field, 'Y » 1 so that under the condition 'Y(z2
) » 1 

one can ignore pin the square root in the integrand in Eq. (8.A.15). Then, one can 
perform the simplified integral and obtain the result 

e2 
C(z) '.:::'. V(z) = -i:;-r, at 'Y(z2

) » 1, (8.A.16) 

which appears to be a pure Coulomb interaction of electron with the nucleus, in the 
z direction. Due to the exact result (8.A.15), C(z) tends to zero as z---> oo. However, 
a remarkable implication of the exact result is that C(z) is finite at z = 0, namely, 
C(O) = -V1Ff e2

, so that the effective potential C(z) can not be well approximated 
by the Coulomb potential. 

The exact potential C(z) can be well approximated by the modified Coulomb 
potential, 

e2 
C(z) '.:::'. V(z) = --

1 

-

1 

-, 
Z + Zo 

(8.A.17) 

where zo is a parameter, zo of 0, which depends on the field intensity B due to 

e
2 

1 {!fine 
zo = --- = -- = --

C(O) ..fiFY ?TeB. 
(8.A.18) 

The analytic advantage of this approximation is that V(z) is finite at z = 0, being of 
Coulomb-type form. Therefore, Eq. (8.A.14) reduces to one-dimensional Schrodinger 
equation for the Coulomb-like potential, 

( 
n,2 d2 e2 n,2"! ) 

-
2 

-d 2 +-
1

-

1 

-+-+E x(z)=O. 
m z z + zo m 

In the atomic units (e = n = m = 1), using the notation 

E' = n
2

'Y + E, 
m 

2 1 
n = -2E1 ' 

(8.A.19) 

(8.A.20) 

introducing the new variable x = 2z/n, and dropping xo = 2zo/n, to simplify repre­
sentation, the above equation can be rewritten as 

(8.A.21) 

where x > 0 is assumed. Introducing new function v(x) defined as x(x) = xe-xf2 v(x), 
one gets the final form of the equation, 

xv"+ (2 - x)v' - (1 - n)v = 0. (8.A.22) 
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Noting that it is a particular case of Cummer's equation, 

xv"+ (b - x)v' av= 0, (8.A.23) 

the general solution is given by 

(8.A.24) 

where 

F ( b ) = r(b) (1 xtta-1(1 - t)b-<2-1 dt 
i 1 a, ,x r(b a)r(a) Jo e (8.A.25) 

and 

(8.A.26) 

are the confluent hypergeometric functions, and C 1,2 are constants; a = 1 - n and 
b = 2. Hence, for x(x) one has 

x(x) = (lxl + xo)e-<1'" 1+xo)/
2 [Ct1F1(l - n, 2, lxl + xo) + Ci°U(l - n, 2, lxl + xo)], 

(8.A.27) 
where the parameter xo has been restored, and the "±" sign in Ct2 corresponds 
to the positive and negative values of x, respectively (the modulus sign is used for 
brevity). 

Let us consider first the x 0 = 0 case. The first hypergeometric function 1F1 (1 -
n, 2, x) is finite at x = 0 for any n. At big x, it diverges exponentially, unless n is 
an integer number, n = 1, 2, ... , at which case it diverges polynomially. The second 
hypergeometric function U(l-n, 2, x) behaves differently, somewhat as a mirror image 
of the first one. In the limit x ---+ 0, it is finite for integer n = 1, 2, 3, ... , and diverges 
as 1/x for noninteger n > 1 and for 0 ::; n < 1. In the limit x ---+ oo, it diverges 
polynomially for integer n, tends to zero for noninteger n > 1 and for n = 0, and 
diverges for noninteger 0 < n < 1. 

In general, because of the prefactor xe-x/2 in the solution (8.A.27) which cancels 
some of the divergencies arising from the hypergeometric functions, we should take 
into account both of the two linearly independent solutions, to get the most general 
form of normalizable wave functions. 

As a consequence, for xo of 0 the eigenvalues may differ from those corresponding to 
n = 1, 2, ... (which is a counterpart of the principal quantum number in the ordinary 
hydrogen atom problem) so that n is allowed to take some non-integer values from 0 
to oo, provided that the wave function is normalizable. 

For even states, in accord to the symmetry of wave function under the inversion 
z---+ -z, one has 

ct = c1, ct = c:;, x' (O) = o. (8.A.28) 

Also, since n = 1 gives E' = -1/(2n.2
) = -1/2 a.u., one should seek normalizable 

wave function for n in the interval 0 < n < 1, in order to achieve lower energy value. 
If successful, n = 1 indeed does not characterize the ground state. Instead, it may 
correspond to some excited state. 

Analysis shows that normalizable wave functions, as a combination of two linearly 
independent solutions, for the modified Coulomb potential does exist for various non­
integer n. Focusing on the ground state solution, Aringazin considers values of n 
ranging from 0 to 1. Remind that E' = -1/2n.2 so that for n < 1 the energy lower 
than E' = -0.5 a.u. 
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For n < 1, the first hypergeometric function is not suppressed by the prefactor 
xe-x/2 in the solution (8.A.27) at large x so we are led to discard it as an unphysical 
solution by putting C1 = 0. A normalizable ground state wave function for n < 1 is 
thus may be given by the second term in the solution (8.A.27). Indeed, the condition 
X'(x)Jx=O = 0 implies 

~e-(x+:co)/2 C2[(2 - x - xo)U(l - n, 2, x + xo)-

-2(1 - n)(x + xo)U(2 n, 3, x + xo))]1x=O = 0. 
(8.A.29) 

The l.h.s of this equation depends on n and xo, so one can select some field intensity 
B, calculate associated xo = x 0 (B) and find n, from which one obtains the ground 
state energy E'. On the other hand, for the ground state this condition can be viewed, 
vice versa, as an equation to find xo at some selected n. 

For example, taking the noninteger value n = 1/ \/'15.58 '.::::' 0.253 < 1 Aringazin 
found xo = 0.140841. This value is in confirmation with the result xo = 0.141 
obtained by Heyl and Hernquist [14]. On the other hand, x 0 is related in accord 
to Eq. (8.A.18) to the intensity of the magnetic field, xo = 2zo/n, from which one 
obtains B '.::::' 4.7 · 1012 Gauss. Hence, at this field intensity the ground state energy 
of the hydrogen atom is determined by n = 1/\/'15.58. 

The total ground state wave function is given by 

fl _,2 

'ljJ(r, <p, x) '.::::' V ~e 4Rg" (lxl + xo)e(lcl+xo)/2U(l n, 2, lxl + xo), (8.A.30) 

where n is determined due the above procedure, and the associated three-dimensional 
probability density is schematically depicted in Fig. 8.A.4. 

Figure 8.A.4. A schematic view on the H atom in the ground state under a very 
strong external magnetic field B = (0, 0, B), B ~ Bo = 2.4 · 109 Gauss, due to the 
modified Coulomb approximation studied in the text. The electron moves on the 
Landau orbit of small radius Ro « 0.53 · 10-s cm resulting in the toroidal structure 
used for the new chemical species of magnecules. The vertical size of the atom is 
comparable to Ro. The spin of the electron is anti parallel to the magnetic field. 

One can see that the problem remarkably difference than the ordinary three­
dimensional problem of the hydrogen atom, for which the principal quantum number 
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n must be integer to get normalizable wave functions, and the value n = 1 corresponds 
to the lowest energy. 

The modified Coulomb potential approach provides qualitatively correct behavior, 
and suggests a single Landau-type orbit shown in Fig. 8.A.4 for the ground state 
charge distribution of the hydrogen atom. This is in full agreement with Santilli's 
study [1, 11] of the hydrogen atom in a strong magnetic field. 

Accurate analytic calculation of the ground and excited hydrogen wave functions 
made by Heyl and Hernquist [14] in the adiabatic approximation leads to the longitu­
dinal parts of the wave functions shown in Fig. 8.A.5, which reproduces the original 
Fig. 3 of their work; ( = 27ra.z/>..e; B = 4.7 · 1012 Gauss. They used the modified 
Coulomb potential of the type (8.A.17), and the additional set of linearly independent 
solutions of the one-dimensional modified Coulomb problem in the form 

j
·lxl+xm et 

(l xl + x,,.)e-(l>=l+xm)/2
1F1 (1 2 I I+ ) dt (8 A 31) 

" n,,x Xm (t1Fi(l-n,2,t)) 2 ' ·· 

where m = 0 corresponds to the ground state. For the ground state with n = 
1/V15.58, they found xo = 0.141, which corresponds to B = 4.7 · 1012 Gauss. This 
result is in agreement with the study made above. 

-20 -10 10 20 -10 10 

Figure 8.A.5. The axial wavefunctions of hydrogen in an intense magnetic field (an­
alytic calculation) for B = 4. 7 · 1012 Gauss. The first four even states with axial 
excitations, IOOO) (ground state), 1002), 1004), and 1006) (left panel), and odd states 
IOOl) and 1003) (right panel) are depicted; n = 1/V15.58, ( = 2z/n corresponds to x 
in the used notation; z in a.u., 1 a.u. = 0.53 · 10-8 cm (reproduction of Figure 3 by 
Heyl and Hernquist [14]). 

One can see from Fig. 8.A.5 that the peak of the ground state wave function IOOO) is 
at the point z = 0, while the largest peaks of the excited wave functions are away from 
the point z = 0 (as it was expected to be). Consequently, the associated longitudinal 
probability distributions (square modules of the wave functions multiplied by the 
volume factor of the chosen coordinate system) are symmetric with respect to z-+ -z, 

and their maxima are placed in the center z = 0 for the ground state, and away from 
the center for the excited states. The computed ground state IOOO) binding energy of 
the hydrogen atom for different field intensities are [14]: 
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Magnetic field B 
(Gauss) 

4.7 x 1012 

9.4 x 1012 

23.5 x 1012 

4.7 x 1013 

9.4 x 1013 

23.5 x 1013 

4.7 x 1014 

Binding energy, IOOO) state 
(Rydberg) 

15.58 
18.80 
23.81 
28.22 
33.21 
40.75 
47.20 

Heyl and Hernquist calculated the first-order perturbative corrections to the above 
energies and obtained the values, which are in a good agreement with the results by 
Ruder et al. [9] and Lai [12]. 

x 

z 

Pig·ure 8.A.6. A schematic view on the H atom in an excited state under a very strong 
external magnetic field B = (0, 0, B), B » Bo = 2.4 · 109 Gauss. One electron moves 
simultaneously on two toroidal orbits of radius Ro which are shown schematically 
as torii in the different (x, y) planes, one torus at the level z = -Lz and the other 
at the level z = +Lz, with the nucleus shown in the center at z = 0. Each torus 
represents the (x, y) probability distribution as shown in Fig. 8.A.3 but with small 
Landau radius, Ro « ao. The spin of electron is aligned antiparallel to the magnetic 
field. 

The associated probability density of the above excited states is evidently of a 
cylindrical (axial) symmetry and can be described as two Landau orbits of radius Ro 
in different (r, t.p) planes, one at the level z = -Lz, and the other at the level z = +Lz, 
with the nucleus at z = 0, as schematically depicted in Fig. 8.A.6. Presence of two 
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Landau orbits occurs in accord to the excited wave functions, which is symmetrical 
with respect to the inversion, z--> -z, and the largest peaks of which are away from 
the center x = 0. The electron moves simultaneously on these two Landau orbits. 

A review of approximate, variational, and numerical solutions can be found in 
the paper by Lai [12]. The accuracy of numerical solutions is about 33, for the 
external magnetic field in the range from 1011 to 1015 Gauss. Particularly, due to the 
variational results [12], the z-size of the hydrogen atom in the ground state is well 
approximated by the formula Lz::::: [ln(B/Bo)]- 1 a.u.; the transverse (Landau) size 
is LJ_::::: (B/Bo)- 1! 2 a.u.; and the ground state energy E::::: -0.16[ln(B/Bo)] 2 a.u., 
with the accuracy of few percents, for b = B /Bo in the range from 102 to 106 . One 
can see for B = lOOBo, that the variational study predicts the ground state energy 
E = -3.4 a.u. = -92.5 eV, the transverse size LJ_ of about 0.1 a.u. = 0.53·10- 9 cm, 
and the z-size Lz of about 0. 22 a. u. This confirms the result of the modified Coulomb 
analytic approach. 

Since a zero-field ground state case is characterized by perfect spherically symmet­
ric electron charge distribution in the H atom, intermediate intensities of the magnetic 
field are naturally expected to imply a distorted spherical distribution. However, a 
deeper analysis is required for the intermediate magnetic field intensities because the 
adiabatic approximation is not longer valid in this case. 

As to the multi-electron atoms, an interesting problem is to study action of very 
strong external magnetic field on He atom (see. e.g., Refs. [12, 14]) and on the multi­
electrons heavy atoms, with outer electrons characterized by a nonspherical charge 
distribution, such as the p-electrons in Carbon atom, orbitals of which penetrate the 
orbitals of inner electrons. In fact, a very intense magnetic field would force such outer 
electrons to follow small round toroidal orbits. In addition to the effect of a direct ac­
tion of the magnetic field on the inner electrons, a series of essential rearrangements of 
the whole electron structure of the atom seems to occur with the variation of the field 
strength. The magnetic field competes with the Coulomb energy, which is different 
for different states of electrons, and with the electron-electron interactions, including 
spin pairings. However, it is evident that at sufficiently strong fields, all the electron 
spins are aligned antiparallel to the magnetic field fully spin polarized configura­
tion - while at lower field intensities various partial spin polarized configurations are 
possible. 

In accord to the numerical calculations based on the density matrix theory by 
Johnsen and Yngvason [13], which is in good agreement with the Hartree-Fock treat­
ment of a very strong magnetic field, the inner domain in iron atom (26 electrons) is 
characterized by a slightly distorted spherically symmetric distribution, even at the 
intensities as high as B = lOOBo ... lOOOBo. The outer domain appears to be of spe­
cific, highly elongated distribution along the direction of the magnetic field as shown 
in Fig. 8.A.7. The possible interpretation that the inner electrons remain to have 
a spherical distribution while outer electrons undergo the squeeze seems to be not 
correct unless the spin state of the iron atom is verified to be partially polarized. So, 
we can conclude that all the electrons are in the highly magnetically polarized state 
(Landau state mixed a little by Coulomb interaction), and the electronic structure is 
a kind of Landau multi-electron cylindrical shell, with the spins of all the electrons 
being aligned anti parallel to the magnetic field (fully spin polarized configuration). 

Another remark regarding Fig. 8.A.7 is that the contours indicating a nearly spher­
ical distribution will always appear since the Coulomb center (nucleus) is not to­
tally eliminated from the consideration (non-adiabatic approximation), and it forces 
a spherical distribution to some degree, which evidently depends on the distance 
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Pig'Ure 8.A. 7. Contour plots of the ( r, z) plane electronic density of iron atom accord­
ing to the density matrix theory at two different magnetic field strengths, 1011 Gauss 
(left) and 1012 Gauss (right). The outermost contour encloses 993 of the negative 
charge, the next 903, then 803 etc., and the two innermost 53 and 13 respectively 
(reproduction of Fig. 5 by Johnsen and Yngvason [13]). 

from the center (closer to the center, more sphericity). We note that outer contours 
in Fig. 8.A.7 is in qualitative agreement with Fig. 8.A.6 in the sense that the pre­
dicted charge distribution reveals symmetry under the inversion z --> -z, with the 
characteristic z-elongated Landau-type orbits. 

Pig·ure 8.A.8. A schematic view of the ground and first-excited state of Hi ion. 
The solid line traces IOOO), and the dashed line follows I0-10). The triangles give 
the positions of the protons for the ground state and the squares for the excited 
state. The magnetic field B = 4.7 · 1012 Gauss is pointed along the internuclear axis; 
( = 2rraz/ Ae denotes z in a.u.; 1 a.u. = 0.53 · 10-8 cm (reproduction of Figure 5 by 
Heyl and Hernquist [14]). 
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An interesting problem is to study I-h molecule under the action of a strong external 
static uniform magnetic field using Schri:idinger's equation. However, prior to that 
study, it would be useful to investigate the simpler two-center H:} ion, since it can 
give valuable information on the features of the full hydrogen molecule under the 
action of a strong magnetic field. We refer the interested reader to Refs. [12, 14, 15] 
for studies on Ht ion and H2 molecule in strong magnetic field. Figure 8.A.8 displays 
the ground and first excited state wave functions of H:} [14]. 
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