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SPECTROSCOPIC VERIFICATION OF SUNCELL® HYDRINO REACTION PRODUCTS 
 

(The equations and figures of the molecular hydrino magnetic and rotational energy calculations herein 

of the form (#.#), the referenced sections not contained within this section, and the references of the 

form [#] correspond to those of MILLS GUT, https://brilliantlightpower.com/book-download-and-

streaming/.)   

 

PARAMETERS AND MAGNETIC ENERGIES DUE TO THE SPIN MAGNETIC 
MOMENT OF H2(1/4) 
Molecular hydrino  comprises (i) two electrons bound in a minimum energy, 
equipotential, prolate spheroidal, two-dimensional current membrane comprising a molecular 
orbital (MO), (ii) two  nuclei such as two protons at the foci of the prolate spheroid, and (iii) 
a photon wherein the photon equation of each state is different from that of an excited H2 state 
given in the Excited States of the Hydrogen Molecule section, in that the photon increases the 
central field by an integer rather than decreasing the central prolate spheroidal field to that of a 
reciprocal integer of the fundamental charge at each nucleus centered on the foci of the spheroid, 
and the electrons of  are paired in the same shell at the same position  versus being in 
separate  positions.  The interaction of the hydrino state photon electric field with each electron 
gives rise to a nonradiative radial monopole such that the state is stable.  In contrast, by the same 
mechanism, the excited H2 state photon gives rise to a radiative radial dipole at the outer excited 
state electron resulting in the state being unstable to radiation.  For exited states, the photon electric 
field comprises a prolate spheroidal harmonic in space and time that modulates the constant prolate 
spheroidal current of the outer electron in-phase.  The former corresponds to orbital angular 
momentum and the latter corresponds to spin angular momentum.  Due to the unique stable state 
of molecular hydrino comprising two nonradiative electrons in a single MO, the nature of the 
trapped photon field, the nature of the vector photon propagation inside the molecular hydrino 
serving as a resonator cavity, and the nature of the electron currents are unique.  

Consider the formation of a nonradiative state H2 molecule from two non-radiative  
state H atoms requiring the bond energy to be removed by a third body collision: 
  (16.216) 
wherein  denotes the third body in an energetic state.  Molecular hydrino may form by the 
same nonradiative mechanism wherein, hydrino atoms and hydrino molecules comprise an 
additional photon component of the central field that is nonradiative by virtue of being equivalent 
to an integer multiple of the central field of a proton at the origin and at each focus of the prolate 
spheroid MO, respectively.  The combination of two electrons into a single molecular orbital while 
maintaining the radiationless integer photonic central field gives rise to the special case of a 
doublet MO state in molecular hydrino rather than a singlet state.  The singlet state is nonmagnetic; 
whereas, the doublet state has a net magnetic moment of a Bohr magneton . 

Specifically, the basis element of the current of each hydrogen-type atom is a great circle 
as shown in the Generation of the Atomic Orbital-CVFS section, and the great circle current basis 
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elements transition to elliptic current basis elements in hydrogen-type molecules as shown in the 
Force Balance of Hydrogen-Type Molecules section.  As shown in the Equation of the Electric 
Field inside the Atomic Orbital section, (i) photons carry electric field and comprise closed field 
line loops, (ii) a hydrino or a molecular hydrino each comprises a trapped photon wherein the 
photon field-line loops each travel along a mated great circle or elliptic current loop basis element 
in the same vector direction, (iii) the direction of each field line increases in the direction 
perpendicular to the propagation direction with relative motion as required by special relativity, 
and (iv) since the linear velocity of each point along a field line loop of a trapped photon is light 
speed , the electric field direction relative to the laboratory frame is purely perpendicular to its 
mated current loop and it exists only at .  The paired electrons of the hydrogen molecular 
orbital comprise a singlet state having no net magnetic moment.  However, the photon field lines 
of two hydrino atoms that superimpose during the formation of a molecular hydrino can only 
propagate in one direction to avoid cancellation and give rise to a central field to provide force 
balance between the centrifugal and central forces (Eq. (11.200)).  This special case gives rise to 
a doublet state in molecular hydrino. 

The MO may be treated as a linear combination of the great ellipses that comprise the 
current density function of each electron as given in the Generation of the Orbitsphere-CVFS 
section and the Force Balance of Hydrogen-Type Molecules section.  To meet the boundary 
conditions that each corresponding photon is matched in direction with each electron current and 
that the electron angular momentum is  are satisfied, one half of electron 1 and one half of 
electron 2 may be spin up and matched with the two photons of the two electrons on the MO, and 
the other half of electron 1 may be spin up and the other half of electron 2 may be spin down such 
that one half of the currents are paired and one half of the currents are unpaired.  Thus, the spin of 

the MO is  where each arrow designates the spin vector of one electron.  The two 

photons that bind the two electrons in the molecular hydrino state are phase-locked to the electron 
currents and circulate in opposite directions. Given the indivisibility of each electron and the 
condition that the MO comprises two identical electrons, the force of the two photons is transferred 
to the totality of the electron MO comprising a linear combination of the two identical electrons to 
satisfy Eq. (11.200).  The resulting angular momentum and magnetic moment of the unpaired 
current density are  and a Bohr magneton , respectively.   

Due to its unpaired electron, molecular hydrino is electron paramagnetic resonance (EPR) 
spectroscopy active.  Moreover, due to the unpaired electron in a common molecular orbital with 
a paired electron, the EPR spectrum is uniquely characteristic of and identifies molecular hydrino 
as shown infra.  As given in the Electron g Factor section, flux is linked by an unpaired electron 

in quantized units of the fluxon or magnetic flux quantum .  The electric energy, the magnetic 

energy, and the dissipated energy of a fluxon treading the atomic orbital given by Eqs. (1.226 -
1.227) is  

  (16.217) 

In the case of the molecular hydrino, the unpaired electron is a linear combination of two electrons 
of the MO wherein one half of the current density is paired, and one half is unpaired.  The fluxon 
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links both interlocked electrons such that the contribution of the flux linkage terms are doubled.  
The corresponding g factor is  

  (16.218) 

The energy between parallel and antiparallel levels of the unpaired electron in an applied magnetic 
field is  
  (16.219) 

The result of Eq. (16.218) was confirmed wherein the electron paramagnetic resonance peak was 
observed with g factor of 2.00445 [131].  

Molecular hydrino comprises a linear combination of an unpaired and a paired electron in 
a common prolate spheroidal molecular orbital (MO) wherein ellipsoidal current elements 
alternate in pairs of contiguous parallel and antiparallel currents.  Consider the designation of the 
prolate spheroidal MO wherein the y and z-axes are semiminor axes and the x-axis is the semimajor 

axis.  The resulting current density comprises a prolate spheroid possessing  of angular 

momentum along either the +z-axis or –z-axis and  along each of the +y and –y-axes as shown 

in Figure 11.4 wherein the unpaired-paired intrinsic current density may occupy two degenerate 
distributions about either the +z-axis or –z-axis.  The application of a magnetic field lifts the 
degeneracy.  The semimajor or x-axis of the molecular hydrino aligns parallel or antiparallel to an 
applied magnetic field with capture of a photon of the Larmor frequency corresponding to the 
applied field-electron spin interaction energy  given by the Bohr magneton  times the 
applied flux : 
  (16.220) 
The resulting cylindrical rotation of the MO current about the semimajor axis gives rise to  of 
angular momentum along either the +x or –x-axis (Figure 11.4) and causes the spin current vectors 
in the transverse plane containing the semiminor axes to average to zero.  A 180° electron spin flip 
transition along the semimajor axis may occur with the absorption of a resonant microwave photon 
having the energy given by Eqs. (16.217-16.219).  The  of angular momentum of the spin flip 
photon aligns along either the +z or –z-axis in the transverse plane wherein the unpaired current 

 of angular momentum along the either the +z-axis or –z-axis quantizes the orientation of spin 

flip photon angular momentum.  In the case that the angular momentum of the spin flip photon is 
opposite that of the unpaired current, the unpaired current also flips its orientation with a 
concomitant flip of the corresponding angular momentum by 180° in the transverse plane.  The 
semiminor axis spin flip transition lifts the degeneracy of the semimajor axis spin flip transition 
due to an interaction of the paired and unpaired current of the MO.  The three sources of splitting 
of the spin flip transition are considered: (i) the energy of interaction of the internal magnetic field 
of the electron MO on the proton magnetic moments, (ii) the energy of interaction of the transition 
between nuclear spin isomer states on the spin of the electron MO, and (iii) the coupling energy 
between the spin unpaired electro and the spin paired electron of the  electron MO.  
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Hydrogen-type molecules comprise a proton at each focus of the prolate spheroid 
molecular orbital, each with nuclear spin and a corresponding magnetic dipole moment of .  
Consider that effect on the protons when a magnetic field is applied along the semimajor axis, the 
x-axis, that excites the Larmor precession of the unpaired electron of  to give rise to an 
electron spin magnetic moment of a Bohr magneton also aligned along the semimajor axis.  The 
intrinsic electron spin vectors along the two transverse semiminor axes, the y-axis and the z-axis, 
as shown in Figure 11.4 rotate around the applied magnetic field and the electron spin magnetic 
moment at the Larmor frequency given by Eq. (1.227).  The magnetic field inside the ellipsoidal 
MO, , (Eq. (12.31)) is: 

   (16.221) 

Substitution of the  semimajor axis  (Eq. (11.202)) and the  semiminor axis 
 (Eq. (11.205)) into Eq. (16.221) gives 

   (16.222) 
This large electrodynamic field aligns parallel or antiparallel to the applied field corresponding to 
the direction of the Larmor electron magnetic moment.  However, this electrodynamic field is 
transverse to the vector direction of the proton magnetic moments that must align along the 
direction of the magnetostatic intrinsic spin as a condition of the formation and energy stability of 
the  molecule.  Thus, the nuclear magnetic moments align in the transverse plane, the yz-
plane that is perpendicular to three-semimajor axis magnetic components: (i) the applied magnetic 
field that excites the Larmor rotation, (ii) the electron spin magnetic moment, and (iii) the 
electrodynamic magnetic field of the electron’s Larmor rotation.  The intrinsic electron spin 
vectors along the transverse two semiminor axes, the y-axis and the z-axis, (Figure 11.4) rotate 
around these three-semimajor axis magnetic components at the Larmor frequency given by Eq. 
(1.227).  Since the nuclear magnetic moments are transverse to the three-semimajor axis magnetic 
components, and the Larmor-frequency rotation causes the intrinsic electron spin magnetic 
interaction with the nuclear spins to average to zero, the nuclear magnetic moments do not interact 
with the three-semimajor axis magnetic components.  Then, the energy contribution of the nuclear 
magnetic moments to an electron spin transition depends only on the mutual interaction of the 
nuclear magnetic moments.   

Next, the interaction between the proton nuclear magnetic moments resulting in the 
splitting of the quantized energy levels of the electron spin transition by the energy corresponding 
to the interaction is considered.  In general, the potential energy of interaction  of two 

quantized magnetic dipoles  and  separated by a distance  is given by 

  (16.223)  

where  is the permeability of free space and  is a unit vector parallel to the line joining the 
centers of the two dipoles.  The energy is decreased in the case of antiparallel interacting magnetic 
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moments, and the energy is increased in the case of parallel magnetic moments.  Consider the 
splitting energy of interaction with two parallel-aligned nuclear magnetic moments.  With the 
substitution of the proton magnetic moment  for each parallel-aligned nuclear magnetic 

moment and the  internuclear separation given by Eq. (11.204) for  into Eq. (16.223), 

the energy  to flip the spin direction of one proton magnetic moment of 
relative to the other is 

 

 (16.224)  
In order for this ortho-para nuclear spin isomer energy of Eq. (16.224) to split the electron spin 
transition, there must be a coupling mechanism between the nuclear and electron spins.  Since the 
electron spin vector is along the semimajor axis, and the proton spins are transversely oriented in 
the plane containing the semiminor axes, there is no direct coupling mechanism.  Moreover, the 
flux change inside of the electron MO due to the transition of the nuclear spin isomer state 
corresponding to Eq. (16.224) has an insignificant effect on the spin transition energy as shown by 
flux linkage terms of Eq. (16.217).  Since the spin transition is independent of the nuclear spin 
transition, the electron spin transition leaves the ortho or para nuclear spin state of  
unchanged, and there is no nuclear spin state energy splitting. 

Consider the third electron spin splitting mechanism regarding the coupling energy of the 
spin unpaired and paired electrons of the electron MO.  The semiminor axis spin flip transition 
lifts the degeneracy of the semimajor axis spin flip transition due to an interaction of the paired 
and unpaired current of the MO.  The magnetic field of the unpaired electron induces a diamagnetic 
current in the paired electron.  The resulting magnetic moment that shifts the spin flip transition 
energy is opposite that of the spin magnetic moment and proportionally much smaller.  In addition 
to the intrinsic relative motion of the linear combination of the paired and unpaired electron 
currents of  and the rotation of the electron MO about the semimajor axis corresponding 
to electron spin along this axis, the paired and unpaired electrons may rotate relative to each other 
during a spin transition similar to the case of excited-state  as given in the Excited States of the 
Hydrogen Molecule section.  The relative rotation is quantized in terms of  integer units of  in 
opposite directions wherein the magnetic moments cancel, but the relativistic effect gives rise to a 
corresponding electron spin-orbital coupling quantum number .  The unpaired-paired coupling 
or spin-orbital coupling energy is given as the diamagnetic moment times the magnetic flux of the 
unpaired electron.  Since flux is linked by an unpaired electron in units of the magnetic flux 
quantum, the spin-orbital coupling energy  between two magnetic moments of  
given by Eq. (2.194) can be expressed as: 

  (16.225) 
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wherein the semiminor radius of the  MO is given by Eq. (11.205) with  and  is 
the magnitude of the diamagnetic susceptibility of the paired electron given by Eq. (11.416):   

  (16.226) 

In the case of spin-orbital coupling involving the intrinsic spin of , the electron spin-orbital 

coupling quantum number  is .  Additional states arise due to the relative motion of the 
two electrons of the  MO.  Consider the case of  excited states given in the Excited 
States of the Hydrogen Molecule section wherein the relative rotational motion of the two excited 
state electrons corresponds to the quantum number  being a positive or negative integer such 
that net relative motion obeys the condition .  The quantum number  also applies to the 
molecular hydrino electron spin flip split by electron spin-orbital coupling wherein  is a positive 
integer.  With the substitution of Eq. (16.226) into Eq. (16.225), the unpaired-paired coupling is 

  (16.227) 

The electron paramagnetic resonance (EPR) comprises a peak at the energy equivalent position 
given by Eq. (16.219), that is symmetrically split into a series of pairs of peaks, one shifted 
downfield by the energy of Eq. (16.227), and the other shifted upfield by the energy of Eq. 
(16.227), wherein downfield and upfield denote lower and higher magnetic flux for a resonant 
transition at fixed EPR frequency, respectively.  

Consider the case that the EPR frequency is 9.820295 GHz, the resonance magnetic flux 
 for the principal peak given by Eq. (16.219) is 

  (16.228) 

where  is Planck’s constant and  is the Bohr magneton.  The resonance magnetic flux shift 
 of a principal peak at position  due to a splitting energy  is given by 

  (16.229) 

Using Eqs. (16.227-16.229), the downfield and upfield shifts  with quantized spin-orbital 
splitting energies  (Eq. (16.227) and electron spin-orbital coupling quantum numbers 

 are given in units of Gauss by 

  (16.230) 

The spin-orbital splitting shift of  is independent of the applied EPR field for 
both downfield and upfield shifted peaks.  

The potential energy of a superconducting quantum interface device (SQUID) given by 
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equivalent of the magnetic energy of the loop.  The free electron of  behaves equivalently 
to a superconducting quantum interface device (SQUID).  In addition to the flux linked by the 
unpaired electron during the spin flip transition corresponding to the energy terms of the  

(Eqs. (16.218) and (16.219)), a free electron of  must link the magnetic flux component 
corresponding to spin-orbital coupling.  This flux contribution increases the magnetic energy and 
the energy of the combined spin flip (Eq. (16.228)) and spin-orbital coupling (Eq. (16.227)) 
transition energy for a given spin-orbital quantum number .  Thus, the downfield spin-orbital 
splitting peaks are shifted further downfield by the corresponding magnetic energies; whereas, the 
upfield spin-orbital splitting peaks are not shifted since the upfield peaks correspond to emission 
of the spin-orbital coupling transition energies alone, and the magnetic energies thermalize.  The 
Josephson coupling energies due to fluxon linkage during spin-orbital transitions are given by Eq. 
(16.227), and the magnetic energies  arising from the absorption of the corresponding spin-
orbital coupling transitional flux are given by 

 

 (16.231) 
wherein  is the spin-orbital quantum number, ½ the spin flip transition energy corresponds to 
the terms  and  as given by Eqs. (16.217), (16.218), and (16.228) in units of magnetic flux 

(i.e. the equivalent SQUID parameters of  are ), and the flux 

change due to the transition  is the spin-orbital splitting energy of quantum number  given 
in units of magnetic flux by Eqs. (16.227) and (16.230).  The corresponding magnetic energies 

 given by Eqs. (16.231), (16.217), and (16.218) in units of Joules are 

  (16.232) 

The downfield magnetic energy shifts  given by Eq. (16.232) are added to the quantized 
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  (16.233) 

The downfield magnetic energy shifts  given by Eq. (16.231) are added to the quantized 

spin-orbital splitting energies  (Eq. (16.230)) to given combined quantized spin-orbital 

downfield shift energies  in units of Gauss: 

  (16.234) 

The downfield peak positions  due to the combined shifts due to the magnetic energy 
and the spin-orbital coupling energy given by Eq. (16.228) and (16.234) are: 

  (16.235) 

There is no magnetic energy shift for upfield shift peaks corresponding to the emission of the spin-
orbital coupling energy given by Eq. (16.230).  Using Eq. (16.228) and Eqs. (16.227-16.230), the 
upfield peak positions  with quantized spin-orbital splitting energies  (Eq. (16.227)) 
and electron spin-orbital coupling quantum numbers  are given by 

  (16.236) 

The downfield shifts due to the magnetic energies in units of Joules (Eq. (16.232)) and Gauss (Eq. 
(16.231)), the downfield shifts due to spin-orbital coupling energies in units of Joules (Eq. (16.227) 
and Gauss (Eq. (16.230)) for spin-orbital coupling quantum numbers  are given 
in Table 16.48. 
 
Table 16.48.   The 9.820295 GHz  EPR downfield shifts due to the magnetic 
energies and the downfield shifts due to spin-orbital coupling energies for spin-orbital coupling 
quantum numbers . 

m Downfield 
Magnetic 

Energy Shift (J) 

Downfield 
Magnetic 

Energy Shift (G) 

Spin-Orbital 
Shift 
(J) 

Spin-Orbital 
Shift 
(G) 

0.5 8.36376E-29 0.04499 3.71288E-27 1.99714 
1 3.34550E-28 0.17995 7.42576E-27 3.99427 
2 1.33820E-27 0.71981 1.48515E-26 7.98854 
3 3.01095E-27 1.61957 2.22773E-26 11.98281 
4 5.35280E-27 2.87924 2.97030E-26 15.97708 
5 8.36376E-27 4.49881 3.71288E-26 19.97135 
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(16.235), and the upfield peak positions (Eq. (16.236)) shifted only by the spin-orbital coupling 
energies (Eqs. (16.227) and (16.230)), for spin-orbital coupling quantum numbers 

 wherein the principal peak with the g-factor of 2.0046386 (Eq. (16.218)) is 
observed at 0.35001 T (Eq. (16.228) are given in Table 16.49.   
 
Table 16.49.   The 9.820295 GHz  EPR combined downfield shifts due to the 
magnetic and spin-orbital coupling, the resulting downfield peak positions, and the upfield peak 
positions shifted only by the spin-orbital coupling energies for spin-orbital coupling quantum 
numbers . 

m Combined 
Downfield 
Magnetic 

Energy Shift (J) 

Combined 
Downfield 
Magnetic 

Energy Shift (G) 

Downfield Peak 
Position 

(T) 

Upfield Peak 
Position 

(T) 

0.5 3.79652E-27 2.04212 0.34980 0.35021 
1 7.76031E-27 4.17422 0.34959 0.35041 
2 1.61897E-26 8.70835 0.34914 0.35081 
3 2.52882E-26 13.60238 0.34865 0.35121 
4 3.50559E-26 18.85632 0.34812 0.35160 
5 4.54926E-26 24.47016 0.34756 0.35200 

 
As given in the Electron g Factor section, magnetic flux is linked by an unpaired electron 

in quantized units of the fluxon or the magnetic flux quantum .  As shown in the Hydrino 

Hydride Ion Hyperfine Lines section, hydrino hydride ion  also possesses a linear 
combination of two electrons with one paired and the other unpaired in a common atomic orbital 
versus a MO.  The emission spectrum of the binding of a free electron to a hydrino atom to form 
the corresponding hydrino hydride ion results in a series of evenly spaced emission peaks wherein 
the energy spacing matches that predicted for the binding electron to link the magnetic flux of the 
hydrino atom in units of the magnetic flux quantum in the bound-free emission spectral region.  
The flat intensity profile matches that of Josephson junctions such as ones of superconducting 
quantum interference devices (SQUIDs) that also link magnetic flux in quantized units of the 

magnetic flux quantum or fluxon .  The same behavior is predicted for the linkage of magnetic 

flux by molecular hydrino during a spin transition and the derivation of the corresponding fluxon 
linkage energies follows that of Eq. (7.93) of the Hydrino Hydride Ion Hyperfine Lines section.   

As given by Eq. (16.218), the fluxon links both correlated electrons such that the energy 
contribution of the flux linkage of a fluxon by molecular hydrino is 

  (16.237) 

Using the energy of MO due to an applied flux given by Eq. (16.220), wherein (i) both the magnetic 
moments due to spin and the corresponding induced diamagnetic moment are corrected for the 
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vector projection of  (Eqs. (16.226-16.227) corresponding to an increase of the energy for 

resonant flux linkage, (ii) the magnetic flux density  is given by the ratio of the flux and the area, 

and (iii) the flux is linked in units of the fluxon , the fluxon linkage energies  by 

molecular hydrino  during a spin transition are  

 

 (16.238) 
In Eq. (16.238), the energy of flux linkage is an integer function of the components of angular 
moment involved in the splitting of the principal transition corresponding to the electron fluxon 
quantum number .  Therefore, the electron fluxon quantum number  has the following 
integer values: (i) the electron fluxon quantum number  corresponding to the spin-orbital 

coupling involving the intrinsic spin of  is , (ii) the electron fluxon quantum number  

corresponding to the spin with  involving the semimajor axis spin is , and (iii) the 

electron fluxon quantum number  corresponding to the spin with  involving the 

semimajor axis spin and relative motion of the two electrons of the  MO is .  In 
addition,  is an integer corresponding to the number of fluxons linked having fluxion linkage 
quantum number , ,  is the area of the continuous distribution of current element 
loops (Force Balance of Hydrogen-Type Molecules section and Figure 11.2) linked by the integer 
number of fluxons as given in the Electron g Factor section, and the magnitude of the diamagnetic 
susceptibility  is given by 

  (16.239) 
With the substitution of Eq. (16.239) into Eq. (16.238),  is 

  (16.240) 

wherein the semiminor radius of the  MO is given by Eq. (11.205) with .  Using 

Eq. (16.229) with the , the fluxon linkage energy of  (Eq. (16.240)), and the spin-

orbital peak positions (Eqs. (16.235) and (16.236)), the separation  of the integer series of 
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peaks at each spin-orbital peak position (Table 16.49) for an EPR frequency of 9.820295 GHz is 
given by 
 

(16.241) 
and 

  (16.242) 

The 9.820295 GHz  EPR spectral separations  (Eqs. (16.235) and (16.236)) of each 
integer series of the peaks comprising sub-splitting of the downfield and upfield peaks of Table 
16.49 corresponding to the principal peak having a g-factor of 2.0046386 (Eq. (16.218)) split by 
quantized spin-orbital coupling energies  (Eqs. (16.227) and (16.230)) and magnetic energies 

 (Eqs. (16.231) and (16.232)) for electron spin-orbital coupling quantum numbers 

 and electron fluxon quantum numbers  (Eq. (16.235) are given in 
Table 16.50. 
 
Table 16.50.   The 9.820295 GHz  EPR spectral separation  of each integer 
series of the peaks comprising sub-splitting of the downfield and upfield peaks of Table 16.49 for 
electron spin-orbital coupling quantum numbers  and electron fluxon quantum 
numbers . 

m  Downfield 
Peak Position 

(T) 
 

(G) 
Upfield  

Peak 
Position 

(T) 

 
(G) 

0.5 1 0.34980 0.3109 0.35021 0.3112 
1 2 0.34959 0.6214 0.35041 0.6228 
2 3 0.34914 0.9309 0.35081 0.9353 
3 3 0.34865 0.9296 0.35121 0.9364 
4 3 0.34812 0.9282 0.35160 0.9375 
5 3 0.34756 0.9267 0.35200 0.9385 

 
The spin-orbital splitting peak intensity for electron spin-orbital coupling quantum number 
 is predicted to be dominant due to the high cross section of the spin flip transition to 

involve a torque about the intrinsic angular moment vector as shown in Resonant Precession of 
the Spin-1/2-Current-Density Function Gives Rise to the Bohr Magneton section.  For integer 
electron spin-orbital coupling quantum number  spin-orbital splitting peaks, the relative 
intensities are predicted to decrease with integer electron spin-orbital coupling quantum number 

.  In the case that the statistical population obeys the rules of multipole transitions, the relative 
peak intensities according to Eqs. (1.7-1.8) and Eq. (1.19) go as  
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  (16.243) 

Furthermore, consider the relative intensities of fluxon peaks within an integer series.  If the cross-
sectional area of the flux linker is constant relative to the flux source, then the line intensities for 
the sub-splitting would be equal.  However, the cross-sectional area of the electron current relative 
to the applied field changes as the current comprising a continuous ensemble of current loops flips 
orientation by 180°.  The current flowing over the surface of the prolate spheroidal to reverse the 
spin direction by 180° is a mechanism whereby the relative intensities of the sub-splitting is higher 
for the center lines compared to those at the extrema.  The line intensities and widths reflect the 
electron MO geometrical form factor in the case of . 

In summary, the predicted  EPR spectrum comprises a principal peak with a 

theoretical g-factor of 2.0046386 (Eq. (16.218)) that is split by spin-orbital coupling energies  
and corresponding magnetic energies  on the downfield side into a series of pairs of peaks 

with members separated by the sum of  (Eqs. (16.227) and (16.230)) and  (Eqs. 
(16.231) and (16.232)) that is a function of electron spin-orbital coupling quantum number .  
Each spin-orbital splitting peak is further sub-split into a series of equally spaced peaks of integer 
fluxon energy  (Eqs. (16.241) and (16.242)) that is a function of electron fluxon quantum 
number .  As given in the Hydrino Hydride Ion Hyperfine Lines section, the pattern of integer-

spaced peaks predicted for the EPR spectrum of  is very similar to that experimentally 
observed on the hydrino hydride ion shown in Figure 16.17 that also comprises a paired and 
unpaired electron in a common orbital, except that the orbital is an atomic orbital [132-135].  The 
peak separations and sub-splitting due to spin-orbital splitting energies, spin-orbital splitting 
magnetic energies, and fluxon energies may deviate from the values given in Tables 16.49 and 
16.50.  Interactions may exist with the matrix surrounding the hydrino molecule.  For example, 
protons of water molecules absorbed as waters of hydration of a crystalline matrix having trapped 
hydrino molecules could cause and external nuclear splitting effect.   
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Figure 16.17 .   Wavelength-calibrated spectrum (3900-4090 Å) of a hydrino-reaction-plasma 
formed by heating KNO3 and dissociating H2 using a tungsten filament overlaid with a hydrogen 
microwave plasma.  Due to the requirement that flux is linked by  in integer units of the 

magnetic flux quantum, the energy is quantized, and the emission due to  formation 
comprises a series of hyperfine lines in the corresponding bound-free band with energies given by 
the sum of the fluxon energy , the spin-spin energy , and the observed binding energy peak 

, , wherein the spectra in the region of 4000 Å to 4060 
Å matched the predicted emission lines and other species such as nitrogen were ruled out. 

 
 
The predicted EPR spectrum was confirmed experimentally [131].  The 9.820295 GHz 

EPR spectrum was performed on a white polymeric compound (WPC) identified by X-ray 
diffraction (XRD), energy-dispersive X-ray spectroscopy (EDS), transmission electron 
spectroscopy (TEM), scanning electron microscopy (SEM), time-of-flight secondary ionization 
mass spectroscopy (ToF-SIMs), Rutherford backscattering spectroscopy (RBS), and X-ray 
photoelectron spectroscopy (XPS) as GaOOH:H2(1/4).  The WPC was formed by dissolving Ga2O3 
collected from a hydrino reaction run in a SunCell® in 4M aqueous KOH, allowing fibers to grow, 
and float to the surface where they were collected by filtration.  The white fibers were not solution 
in concentrated acid or base; whereas control GaOOH is.  No white fibers formed in control 
solutions.  Control GaOOH showed no EPR spectrum.  The experimental EPR was acquired by 
Professor Fred Hagen, TU Delft, with a high sensitivity resonator at a microwave power of -28 dB 
and a modulation amplitude of 0.02 G, that can be changed to 0.1 G since Dr. Hagen rigorously 
determined that the minimum line width is 0.15 to 0.2 G.  The average error between the between 
the EPR spectrum and theory for peak positions given in Tables 16.49-16.50 was 0.097 G.  The 
EPR spectrum was replicated by Bruker using two instruments on two samples as shown in Figure 
16.18.   
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Figures 16.18A-C.   The EPR spectrum of GaOOH:H2(1/4) replicated by Bruker using two 
instruments on two samples.  (A) EMXnano data.  (B) EMXplus data.  (C) Expansion of EMXplus data, 
3503 G - 3508 G region.   
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Specifically, the observed principal peak at g = 2.0045(5)) was assigned to the theoretical 
peak having a g-factor of 2.0046386 (Eq. (16.218)).  This principal peak was split into a series of 
pairs of peaks with members separated by energies matching  (Eqs. (16.227) and (16.230)) 
corresponding to each electron spin-orbital coupling quantum number .  The results confirmed 
the spin-orbital coupling between the spin magnetic moment of the unpaired electron and an orbital 
diamagnetic moment induced in the paired electron alone or in combination with rotational current 
motion about the semimajor molecular axis that shifted the flip energy of the spin magnetic 
moment.  The data further matched the theoretically predicted one-sided tilt of the spin-orbital 
splitting energies wherein the downfield shift was observed to increase with quantum number  
due to the magnetic energies  (Eqs. (16.231) and (16.232)) of the corresponding magnetic 
flux linked during a spin-orbital transition.  Each spin-orbital splitting peak was further sub-split 
into a series of equally spaced peaks that matched the integer fluxon energies  (Eqs. (16.241) 
and (16.242)) dependent on electron fluxon quantum number  corresponding to the number of 
angular momentum components involved in the transition.  The evenly spaced series of sub-
splitting peaks was assigned to flux linkage during the coupling between the paired and unpaired 

magnetic moments in units of the magnetic flux quantum  while a spin flip transition occurs.  

The EPR spectrum recorded at different frequencies showed that the peak assigned the g factor of 
2.0046386 (Eq. (16.218)) remained at constant g factor.  Moreover, the peaks, shifted by the fixed 
spin-orbital splitting energies relative to this true g-factor peak, exactly maintained the separation 
of the spin-orbital splitting energies independent of frequency as predicted.   

In addition to the peaks in Tables 16.49 and 16.50, several very weak peaks assigned to 
continuations and possible overlaps of series of fluxons of contiguous spin orbital splitting peaks 
were observed wherein the series intensity decreased significantly due to interference between the 
competing transitions.  This assignment was confirmed by the observation that the very weak peaks 
shifted with the principal peak and its fine structure peaks with variation in the EPR microwave 
frequency.  Only the principal peak assigned to a g-factor of 2.0046386 (Eq. (16.218)) at the center 
of the spectrum is a real g value with a field value that moves linearly with the frequency.  All 
other features including the very weak lines are at a constant distance in field value from the 
spectral center, implying that they represent an interaction independent of the microwave 
frequency.   

The EPR spectrum showing the principal peak with an assigned g-factor of 2.0046386 and 
fine structure comprising spin-orbital and spin-orbital magnetic energy splitting with fluxon sub-
splitting was observed superimposed on a broad background feature with a center at about the 
position of the principal peak.  It was observed that the fine structure features broadened into a 
continuum that overlaid the broad background feature as the temperature was lowered into a 
cryogenic range with the peak assigned to the downfield member corresponding to the electron 
spin-orbital coupling quantum number  being less sensitive to a decrease in temperature 
than the corresponding upfield peak.  The same trend was also observed with increasing 
microwave power wherein the higher energy transition saturated at a higher power.  Thus, the peak 
assigned to downfield member corresponding to the electron spin-orbital coupling quantum 
number  was selectively observed over the corresponding upfield peak.  The higher 
sensitivity of the upfield peak to low temperature and microwave power is excepted since it 
corresponds to de-excitation of a spin-orbital energy level during the spin flip transition wherein 
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the spin-orbital energy level requires thermal excitation to be populated.  Thus, the population 
decreases with temperature due to a decreased source of thermal excitation, and the population is 
smaller than the unexcited population so that it is more easily depleted with microwave power. 

The GaOOH:H2(1/4) sample was observed by TEM to comprise two different 
morphological and crystalline forms of GaOOH.  Observed morphologically polymeric crystals 
comprising hexagonal crystalline structure were very sensitive to the TEM electron beam; 
whereas, rods having orthorhombic crystalline structure were not electron beam sensitive.  The 
latter crystals’ morphology and crystalline structure matches those of the literature for control 
GaOOH that lacks molecular hydrino inclusion.  The hexagonal phase is likely the source of the 
fine structure EPR spectrum and the orthorhombic phase is likely the source of the broad 
background EPR feature.  Cooling may selectively eliminate the observed near free-gas-like EPR 
spectral behavior of  trapped in the hexagonal crystalline matrix.   

Any deviations from theory could be due to the influence of the proton of GaOOH and 
those of water.  Also, matrix orientation in the magnetic field, matrix interactions and interactions 
between one or more  could cause some shifts.  Another consideration is that molecular 
hydrino can also form dimers that would alter the EPR spectrum.  Consider the splitting energy of 
interaction with two axially aligned magnetic moments of a  dimer.  With the substitution 

of a Bohr magneton for each axially aligned magnetic moment and the  dimer 

separation given by Eq. (16.202) for  into Eq. (16.223), the energy  to flip the 

spin direction of two electron magnetic moments of  is 

  (16.244)  

The energy (Eq. (16.220)) may be further influenced by presence of multimers of greater order 
than two, such as trimers, tetramers, pentamers, hexamers, etc. and by internal bulk magnetism of 
the hydrino compound.  The formation of multimers has been observed experimentally.  Molecular 
hydrino multimers were observed to form over time from the gases released by thermal 
decomposition of the WPC using an HP 5890 Series II gas chromatograph with a capillary column 
(Agilent molecular sieve 5 Å, (50 m x 0.32, df = 30 μm) at 303 K (30 °C), argon carrier gas, and 
a thermal conductivity detector (TCD) at 60 °C [131].  The energy shift due to a plurality of 
multimers may be determined by vector addition of the superimposed magnetic dipole interactions 
given by Eq. (16.223) with the corresponding distances and angles.  Molecular hydrino may give 
rise to non-zero or finite bulk magnetism such as paramagnetism, superparamagnetism and even 
ferromagnetism when the magnetic moments of a plurality of hydrino molecules interact 
cooperatively.  Superparamagnetism was observed using a vibrating sample magnetometer to 
measure the magnetic susceptibility of compounds comprising molecular hydrino [131].  
Superparamagnetism and ferromagnetism are favored when a molecular hydrino macroaggregate 
additionally comprises ferromagnetic atoms such as iron.  Macroaggregates that are stable beyond 
room temperature may form by magnetic assembly and bonding.  The magnetic energies become 
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on the order of 0.01 eV, comparable to ambient laboratory thermal energies.  The EPR spectrum 
of compounds having magnetization which causes excitation at lower B field and de-excitation at 
higher B field may be observed to have corresponding downfield and upfield shifts of the spectral 
features, respectively.  Even though the effect may be small, it may still be observable due to the 
very small splitting energies that are between 1000 and 10,000 times smaller than the H Lamb 
shift.  In the case of the GaOOH:H2(1/4) sample, the EPR spectrum recorded at Delft University 
showed remarkably narrow line widths due to the dilute presence of  molecules trapped 
in GaOOH cages that comprised a diamagnetic matrix. 
 
ROTATIONAL ENERGIES DUE TO THE SPIN MAGNETIC MOMENT OF 
H2(1/4) 

Molecular hydrino  possesses an unpaired electron that causes rotational 
transitions to be forbidden.  This selection rule barrier to observing infrared and Raman spectra 
may be circumvented by application of an external magnetic field or by recording the spectrum on 
a compound or material with intrinsic magnetization such as one being ferromagnetic or 
paramagnetic.  An example of the former is molecular hydrino bonded or absorbed on the surface 
of a nickel or iron foil.  An example of the latter is a paramagnetic compound that cages the 
molecular hydrino such as FeOOH, Fe2O3 or a compound that may be diamagnetic but possess 
paramagnetic ions in proximity to  such as  ions in the case of  that serves 

as a cage for .   
The presence of molecular hydrino in strong matrix magnetic field may result in the 

alignment of the free electron angular moment of  along the magnetic field vector direction in 

either the z-axis or the y-axis direction of the coordinates of  shown in Figure 11.4.  The 
alignment permits the excitation of a concerted transition of a rotational molecular hydrino 
transition coupling to the spin-orbital splitting and fluxon linkage sub-splitting of the free electron 
energy levels.  The spin flip energy given by Eq. (16.219) with an exemplary intrinsic field of 1 T 
is  
  (16.245) 
To conserve the photon’s angular momentum of , rotational excitation requires  of angular 
momentum along the axis of molecular rotation, a semiminor axis being either the z-axis or y-axis.  
The  of angular momentum gives rise to a corresponding magnet moment of a Bohr magneton 
along this rotational angular momentum axis.  Typically, the unpaired electron of  gives 
rise to a Bohr magneton of magnetic moment along the internuclear axis when a magnetic field is 
applied.  However, the molecular rotation of the hydrino molecule about one of the semiminor 
axes causes the excitation of the semimajor-axis Bohr magneton of magnetic moment to be 
forbidden.  The rotational transition energy may be split by the spin-orbital energy given by Eq. 
(16.225), except that the orbital component of spin-orbital splitting is not diamagnetically induced 
such that  and the spin-orbital energy  due to rotational excitation is: 
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  (16.246) 

wherein . The spin-orbital splitting energies due to rotation are given in Table 
16.51. 

The energies of the concerted excitation of the rotational and spin-orbital coupling 
transitions are sub-split by the energy corresponding to flux linkage in units of the magnetic flux 

quantum .  The free electron angular momentum of  and the rotational angular momentum 

of  add when the corresponding vectors are aligned along a common z-axis to give a resultant 

angular momentum of .  The energy contribution of the flux linkage of a fluxon by 

molecular hydrino is given by Eq. (16.238) with  since the orbital component of spin-

orbital coupling is not diamagnetically induced.  In the case of , the  fluxon 

linkage energies  for fluxon sub-splitting quantum numbers  due to 
spin-orbital coupling to a molecular rotational transition are 
  (16.247) 
wherein  is an integer corresponding to the number of fluxons linked having fluxon linkage 
quantum number  and the semiminor radius of the  MO is given by Eq. (11.205) 

with  ( ).  As in the case with spin flip transitions observable by EPR spectroscopy, 

the fluxon sub-splitting quantum number is determined by the number of angular momentum 
components active during the transition.  Due to the nature of the rotation transition wherein the 
rotational quantum number  may be arbitrarily large, the upper range of the fluxon sub-splitting 
quantum number is not bounded. 

Alternatively, the spin component of  may align perpendicular to the rotational angular 

momentum of  to give a resultant z-axis angular momentum of  wherein the spin 
component averages to zero since it rotates about the z-axis due to molecular rotation.  In the case 
of , the  fluxon linkage energies  for fluxon sub-splitting quantum numbers 

 due to spin-orbital coupling to a molecular rotational transition are 

  (16.248) 

wherein  is an integer corresponding to the number of fluxons linked having fluxon linkage 
quantum number  and the semiminor radius of the  MO is given by Eq. (11.205) with 
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 ( ).  The fluxon linkage energies  due to spin-orbital coupling to molecular 

rotation transition are given in Table 16.51. 
The absorption of fluxons increases the magnetic energy of .  Using Eq. (16.231), 

the Josephson coupling energies due to fluxon linkage during concerted rotational-spin roatational 
and spin-orbital transitions are given by Eq. (16.247), and the magnetic energies  
arising from the absorption of the integer number of fluxons  having fluxon linkage quantum 
number  are given by 

  (16.249) 

wherein  (Eq. (16.247)), and ½ the energy between rotational transitions 

corresponds to the term  (Eq. (16.256, )).  The fluxon peak spacing increases as the 
energy of the concerted rotation-fluxon absorption transition increases and decreases in the case 
of emission.  

Using Eq. (16.231), the magnetic energies  arising from the absorption of the 

integer number of fluxons  having fluxon linkage quantum number  during concerted 
rotational and spin-orbital transitions are given by 

  (16.250) 

wherein  (Eq. (16.248)), and ½ the energy between rotational transitions 

corresponds to the term  (Eq. (16.256, )).  The fluxon peak spacing increases as the 
energy of the concerted rotation-fluxon absorption transition increases and decreases in the case 
of emission.  
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Table 16.51.   The electron spin-orbital coupling splitting energies and fluxon sub-splitting 
energies of molecular rotational transitions for spin-orbital coupling quantum numbers 

 and for electron fluxon quantum numbers  and 
. 

m Spin-Orbital 
Splitting 
Energy 
(cm-1) 

 Fluxon Sub-
Splitting Energy 

(cm-1) 

 Fluxon Sub-
Splitting 
Energy 
(cm-1) 

0.5 264 0.5 15.4 0.5 23.1 
1 528 1 30.8 1 46.2 
2 1056 2 61.7 2 92.5 
3 1583 3 92.5 3 138.7 
4 2111 4 123.3 4 185.0 
5 2639 5 154.1 5 231.2 
6 3167 6 185.0 6 277.5 
7 3695 7 215.8 7 323.7 
8 4223 8 246.6 8 370.0 
9 4750 9 277.5 9 416.2 
10 5278 10 308.3 10 462.4 

 
The observation of spin-orbital transitions by Raman spectroscopy may be greatly 

enhanced by the deposition of molecular hydrinos on a metal surface to enhance the Raman 
spectrum.  Surface enhanced Raman (SER) is very sensitive because of the surface plasmon waves 
set up by the stimulating wavelength.  The surface plasmon field may extend about 40-60 nm 
below the surface, providing some depth sensitivity in the material.   

The moment of inertia may be measured using rotational energy spectroscopy such as 
Raman spectroscopy, and using the known nuclear masses, the moment of inertia gives the nuclear 
separation which is characteristic of and identifies molecular hydrino of a given quantum state 
.  Specifically, for a diatomic molecule having atoms of masses  and , the moment of inertia 
is (Eq. (12.66)):  
  (16.251) 
where  is the reduced mass given by (Eq. (12.67)): 

  (16.252) 

and where  is the distance between the centers of the atoms, the internuclear distance.  The 
rotational energy levels follow from Eq. (1.71) and are given by (Eq. (12.68)): 

  (16.253) 

where  is an integer.  The pure rotational energies of hydrogen type molecules for transition 
from the  to the quantized  rotational state are given by (Eq. (12.77)): 

m = 0.5,1,2,3,...,10 mΦ = 1,2,3,...,10
mΦ3/2 = 1,2,3,...,10

mΦ mΦ3/2

p
m1 m2

I = µr 2

µ

µ =
m1m2
m1 +m2
r

Erotational =
!2

2I
J (J +1)

J
J J '
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  (16.254) 

wherein  is the mass of the proton, the moment of inertia , and the 

integer-squared dependence is due to the reciprocal integer dependence of the internuclear distance 
given by (Eq. (12.76)): 

  (16.255) 

For example, the predicted rotational energy of is four squared or 16 times that of  

due to the internuclear distance being one fourth that of  (Eq. (16.255)).  At ambient laboratory 
temperature, molecules overwhelmingly populate the rotational state .  Then, Eq. (16.254) 
becomes 

  (16.256) 

Molecular hydrino  is a diatomic molecule comprising two protons and two electrons, 
except that it is unique from molecular hydrogen in that it has an unpaired electron having an 

intrinsic angular momentum of .  This electron spin angular momentum may align along the 

same axis as the rotational angular of  or transverse to it.  Consider that the rotational energy 
 of  about z-ais which is the common axis of the intrinsic electron angular 

momentum of  and rotational angular momentum of .  The rotational energy due to the 

concerted double excitation of rotation due to spin and diatomic rotation is given by the sum of 
the diatomic molecular rotational energy given by Eq. (16.254) and the spin rotational energy also 
given by Eq. (16.254) with the exception that the rotational quantum number  can only change 
by : 

  (16.257) 

In the case that the initial rotational state is , Eq. (16.257) becomes 

 ΔEJ→J ' = EJ ' − EJ
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  (16.258) 

Consider that the diatomic molecular rotation is about the z-axis such that the corresponding 
rotational angular momentum of  is aligned along the z-axis.  In the case that the axis of the 

intrinsic electron spin angular momentum of  is along the orthogonal semiminor axis, the y-axis, 

the rotation energy  of  is given by Eq. (16.256). 

The radiation of a multipole of order ( , ) carries  units of the z component of 
angular momentum per photon of energy .  Thus, the z component of the angular momentum 
of the corresponding excited rotational state is (Eq. (12.69)): 
  (16.259) 
Thus, the selection rule for dipole and quadrupole rotational transitions are (Eq. (12.70)):  
  (16.260) 
and  
  (12.261) 
Not only are the lowest energy Raman transitions for pure rotational transitions (Eq.(16.256)) and 
for concerted rotational-spin transition (Eq. (16.258)) allowed by each of the selection rules given 
by Eqs. (16.260) and (16.261), but coupling of allowed dipole and quadrupole transitions permit 
excitation of higher rotational energy levels.  Exemplary transitions are given in Table 16.52. 
 
Table 16.52.    Raman energies for pure  to  rotational transitions 
and for concerted   to  molecular rotational transition involving a spin rotation 
transition having the spin rotational state quantum number change from  to . 

J’ Pure Rotational  
Transition Energy (cm-1) 

Concerted Molecular Rotational-Spin 
Rotation Transition (cm-1) 

0 0 1950 
1 1950 3900 
2 5851 7801 
3 11701 13652 
4 19502 21453 
5 29254 31204 
6 40955 42905 
7 54607 56557 
8 70209 72159 
9 87761 89711 

10 107263 109213 
 

The Raman excitation of the pure  molecular rotation is allowed for a  
rotational transition (Eq. (16.261)) wherein the spin angular momentum vector is aligned along 
the y-axis perpendicular to the rotational axis along the  z-axis.  The transition energy is 

Erotational+spin =
!2

2I
J ' J '+1( )− J J +1( )( )+ !

2

I
J +1( )

= J '2+ J '+ 2
2

⎛
⎝⎜

⎞
⎠⎟
p2121.89 cm−1

!
!
2

Erotational H2 1/ p( )
ℓ mℓ m!

!ω

Lz = m!

ΔJ = ±1

ΔJ = ±2

H2 1/ 4( ) J = 0 J ' = 1,2,3,...
J = 0 J ' = 1,2,3,...

J = 0 J = 1

H2 1/ 4( ) ΔJ = 2

H2 1/ 4( )
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given by Eq. (16.256).  Another allowed transition is the coupled excitation of both the rotational 
transition and an intrinsic spin transition wherein the rotational and intrinsic spin angular 
momentum are aligned on the common z-axis.  The coupled or concerted transition energy is given 
by the sum of the  rotational and the  to  spin rotational components given by 
Eq. (16.258).  In addition, the excitation of the spin and rotational transitions results in spin-orbital 
splitting and fluxon linkage sub-splitting energy shifts of the summation energy given by Eqs. 
(16.246-16.248).  These transitions were observed by Raman spectroscopy. 

Raman samples of  absorbed on metallic surfaces and in metallic and ionic lattices 
by magnetic dipole and van der Waals forces were produced by (i) high voltage electrical 
detonation or Fe wires in an atmosphere comprising water vapor, (ii) low voltage, high current 
electrical detonation of hydrated silver shots, (iii) ball milling or heating FeOOH and hydrated 
alkali halide-hydroxide mixtures, and (iv) maintaining a plasma reaction of H and HOH in a so-
called SunCell comprising a molten gallium injector that electrically shorts two plasma electrodes 
with the molten gallium to maintain an arc current plasma state.  Excess power of over 300 kW 
was measured by water and molten metal bath calorimetry 
[https://brilliantlightpower.com/validation-reports/].  Raman spectra were recorded on these 
materials using the Horiba Jobin Yvon LabRAM Aramis Raman spectrometer with (i) a 785 nm 
laser, (ii) a 442 nm laser, and (iii) a HeCd 325 nm laser in microscope mode with a magnification 
of 40X.   

Nickel foil Raman samples were prepared by flowing a hydrino reaction mixture 
comprising 2000 sccm H2 and 1 sccm O2 into a one-liter reaction volume SunCell shown in Figure 
16.19.  The SunCell comprised an 8-inch diameter 4130 Cr-Mo SS cell with a Mo liner along the 
reaction cell chamber wall, molten gallium in a reservoir, an electromagnet pump that served as 
an electrode and pumped the gallium vertically against a W counter electrode, a low-voltage-high-
current ignition power source that maintained a hydrino reaction plasma by maintaining a high 
current between the electrodes, and a glow discharge hydrogen dissociator and recombiner 
connected directly a top flange the SunCell reaction cell chamber by a 0.75-inch OD set of Conflat 
flanges.  The glow discharge voltage was 260 V.  The glow discharge current was 2 A.  The 
operating pressure was 5.9 Torr.  The gallium temperature was maintained at 400°C with water 
bath cooling.  Arc plasma was maintained by an ignition current of 1300A at a voltage of 26-27 
V.  The electromagnetic pump rate was 100 g/s, and the output power was over 300 kW for an 
input ignition power of 29 kW corresponding to a gain of 10 times.  The Ni foils (1 X 1 X 0.1 cm) 
to make the Raman samples were placed in the molten gallium.  The hydrino reaction was run for 
10 minutes, and the cloth-wipe-cleaned surfaces of the foils were analyzed by Raman spectroscopy 
using a Horiba Jobin Yvon LabRAM Aramis Raman spectrometer with (i) a 785 nm laser and (ii) 
a 442 nm laser.   

 

ΔJ = 2 J = 0 J = 1

H2 1/ 4( )
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Figure 16.19.   SunCell® hydrino power generator comprising a single electromagnetic pump 
injector and electrode in an injector reservoir electrode, a vertically aligned counter electrode, and 
a glow discharge cell connected to a top flange to form HOH catalyst and atomic H.  A.  Exterior 
view.  B.  Cross sectional view. 

 
(A)                                                                (B) 

The Raman spectrum (2500 cm-1 to 11,000 cm-1) obtained using a Horiba Jobin Yvon 
LabRam ARAMIS spectrometer with a 785 nm laser on a Ni foil prepared by immersion in the 
molten gallium of a SunCell that maintained a hydrino plasma reaction for 10 minutes is shown in 
Figures 16.20A-B.  The Ni foil Raman spectrum was repeated with a 442 nm laser.  The common 
lines of the two Raman spectra recorded with different wavelength lasers and that were not 
assignable to 442 nm laser lines or 785 nm multi-order lines were assigned to true Raman lines.  
Due to the presence of matching higher-order lines, the other novel lines in the 785 nm spectrum 
were assigned to emission lines.  The energies  of all of the novel lines matched either the 

pure   rotational transition (Eq. (16.256)) with spin-orbital coupling energy (Eq. 
(16.246)) and fluxon linkage energy (Eq. (16.248)): 

  (16.262) 

or the concerted transition comprising the  to  rotational transitions with the 
 to  spin rotational transition (Eq. (16.258)).  Corresponding spin-orbital coupling 

energy (Eq. (16.246)) and fluxon linkage energy (Eq. (16.247)) were also observed with the 
concerted transition: 

  (16.263) 

The known multi-order lines of the 785 nm laser as well as the position and assignment of novel 
lines assigned to  transitions are given in Table 16.53.   

ERaman
H2 1/ 4( ) ΔJ = 2

ERaman = ΔEJ=0→J ' + ES /O ,rot + EΦ,rot

= 5851 cm−1 +m528 cm−1 +mΦ31 cm−1

J = 0 J ' = 0,1,or2
J = 0 J = 1

ERaman = ΔEJ=0→J ' + ES /O ,rot + EΦ,rot

= 7801 cm−1 3900 cm−1( ) 1950 cm−1( )+m528 cm−1 +mΦ3/2 46 cm−1

H2 1/ 4( )
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Figures 16.20A-B.   Raman spectra obtained using a Horiba Jobin Yvon LabRam ARAMIS 
spectrometer with a 785 nm laser on a Ni foil prepared by immersion in the molten gallium of a 
SunCell that maintained a hydrino plasma reaction for 10 minutes.  A.  2500 cm-1 to 11,000 cm-1 
region.  B.  8500 cm-1 to 11,000 cm-1 region.  All of the novel lines matched those of either the 
pure   rotational transition with spin-orbital coupling and fluxon coupling or the 
concerted transitions comprising the  to  rotational transitions with the  to 

 spin rotational transition.  Corresponding spin-orbital coupling and fluxon coupling were 
also observed with both the pure and concerted transition. 

 
(A) 

 
(B) 

 

H2 1/ 4( ) ΔJ = 2
J = 0 J ' = 0,1,or2 J = 0

J = 1
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Table 16.53.    emission lines, corresponding hydrino assignments, and multi-order 785 laser lines 
for the 785 nm Raman spectrum (2500-11,000 cm-1) of a Ni foil exposed to the hydrino reaction (Figures 16.20A-B).  
The red lines were observed in both the 785 nm Raman and the 442 nm Raman spectra.  The blue peaks are the 
theoretical rotational energy assignments according to the energies given in Table 16.52.  The quantum numbers 
corresponding to spin-orbital splitting and fluxon sub-splitting of the assigned parent peaks are  and , and  
respectively, having energies given in Table 16.51.  Delta is the difference between the observed and theoretical lines. 

Multi-order 
(cm-1) 

Observed 
Raman 

Lines (cm-1) 

Observed 
Emission 

Lines (cm-1) 

Rotational 
Energy (cm-1) 

   Theoretical 
(cm-1) 

Delta 
(cm-1) 

6372 3354 9388 7801 3   9384 4 
8496 3862 8880 7801 2  0.5 8880 0 
9558 4027 8715 7801 1  -3 8718 -3 

10195 4452 8290 7801 1  -1 8283 7 
10620 4594 8148 7801 0.5  2 8157 -9 
10924 4983 7865 7801   1.5 7870 -5 

 5487.4 7759 7801   -1 7755 4 
 5833 7255 7801 -1  -0.5 7250 5 
 5835.8 6909 5851 2   6906 3 
 6059.4 6683 5851 1.5 1  6674 9 
 6280 6350 5851 1 -1  6348 2 
 6350 6280 5851 1 -3  6286 -6 
 6651.6 6090 5851 0.5 -1  6084 6 
 6965 5836 5851  -0.5  5836 0 
 7457 5777 5851  -2  5789 -12 
 7865 5285 5851 -1 -1  5291 -6 
 8211 4531 5851 -2.5   4531 0 
 8490 4252 5851 -3   4268 -16 
 8750 3992 3900   2 3992 0 
 8765 3977 3900   1.5 3969 8 
 8976 3766 3900   -3 3761 5 
 8989 3753 3900   -3.5 3738 15 
 9175 3567 3900 -0.5  -1.5 3567 0 
 9186 3556 3900 -0.5  -2 3544 12 
 9346 3396 3900 -1  0.5 3395 1 
 9361 3381 3900 -1   3372 9 
 9420 3322 3900 -1  -1 3326 -4 
 9689 3053 1950 2  1 3052 1 
 9812 2930 1950 2  -1.5 2936 -6 
 9923 2819 1950 1.5  1.5 2811 8 
 10024 2718 1950 1  -0.5 2719 -1 
 10115 2627 1950 1  3 2617 10 
 10188 2554 1950 1  1.5 2547 7 
 10268 2474 1950 1   2478 -4 
 10339 2403 1950 1  -1.5 2408 -5 
 10466 2276 1950 0.5  1.5 2283 -7 
 10522 2220 1950 0.5   2214 6 
 10660 2082 1950   3 2089 -7 
 10702 2040 1950   2 2042 -2 
 10741 2001 1950   1 1996 5 
 10777 1965 1950   0.5 1973 -8 
 

The Raman peaks assigned to  rotational transitions in Table 16.53 were also observed 
on hydrated silver shots that were denoted with a current of about 35,000 A [R. Mills, Y. Lu, R. 

H
2
1 / 4( )

m m
Φ

m
Φ3/2

m mΦ mΦ3/2
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Frazer, “Power Determination and Hydrino Product Characterization of Ultra-low Field Ignition 
of Hydrated Silver Shots”, Chinese Journal of Physics, Vol. 56, (2018), pp. 1667-1717] as well as 
SunCell gallium and Cr, Fe, and stainless steel foils immersed in the gallium wherein the Raman 
spectra were run post a SunCell hydrino plasma reaction as in the case of the Ni foils. 

 was also observed as a product of the SunCell hydrino reaction by collection and 
purification a hydrino product from the molten gallium of the SunCell following a hydrino 
reaction.  Specifically, a 10-minute-duration hydrino reaction plasma run was maintained in the 
SunCell®, and a white polymeric compound (GaOOH:H2(1/4)) was formed by dissolving Ga2O3 
collected from the SunCell gallium post run in aqueous 4M KOH, allowing fibers to grow, and 
float to the surface where they were collected by filtration.  The Raman spectrum (2200 cm-1 to 
11,000 cm-1) shown in Figure 16.21 was obtained using a Horiba Jobin Yvon LabRam ARAMIS 
spectrometer with a 785 nm laser on the GaOOH:H2(1/4).  The spectrum showed the pure 

  rotational transition as well as the concerted transitions comprising the  to 
 rotational transitions with the  to  spin rotational transition.  

Corresponding spin-orbital coupling and fluxon coupling were also observed with both the pure 
and concerted transition.  The peaks matched the peaks given in Table 16.53, except that a second 
set of peaks was additionally observed, shifted 150 cm-1 relative to the set observed on Ni foil 
(Figures 16.20A-B).  This is likely due to the presence of two phases of GaOOH:H2(1/4) that was 
confirmed by XRD and TEM and was the source of two distinct spectra in the EPR as discussed 
in the Parameters and Magnetic Energies Due to the Spin Magnetic Moment of H2(1/4) section. 

 

H2 1/ 4( )

H2 1/ 4( ) ΔJ = 2 J = 0
J ' = 0,1,or2 J = 0 J = 1
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Figure 16.21.   Raman spectra (2200 cm-1 to 11,000 cm-1) obtained using a Horiba Jobin Yvon 
LabRam ARAMIS spectrometer with a 785 nm laser on GaOOH:H2(1/4) showing the pure 

  rotational transition as well as the concerted transitions comprising the  to 
 rotational transitions with the  to  spin rotational transition.  

Corresponding spin-orbital coupling and fluxon coupling were also observed with both the pure 
and concerted transition. 

 
Using a Horiba Jobin Yvon LabRam ARAMIS with a 785 nm laser, the Raman spectrum 

was recorded on copper electrodes post ignition of a 80 mg silver shot comprising 1 mole% H2O 
wherein the detonation was achieved by applying a 12 V 35,000 A current with a spot welder.  A 
peak optical power of extreme ultraviolet emission was 20 MW. [R. Mills, Y. Lu, R. Frazer, 
“Power Determination and Hydrino Product Characterization of Ultra-low Field Ignition of 
Hydrated Silver Shots”, Chinese Journal of Physics, Vol. 56, (2018), pp. 1667-1717.].  The Raman 
spectrum (2200 cm-1 to 11,000 cm-1) is shown in Figure 16.22.  The pure   
rotational transition as well as the concerted transitions comprising the  to  
rotational transitions with the  to  spin rotational transition were observed.  
Corresponding spin-orbital coupling and fluxon coupling were also observed with both the pure 
and concerted transition.  The silver shot Raman peaks matched the peaks given in Table 16.53. 

 

H2 1/ 4( ) ΔJ = 2 J = 0
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Figure 16.22.   Raman spectra (2200 cm-1 to 11,000 cm-1) obtained using a Horiba Jobin Yvon 
LabRam ARAMIS spectrometer with a 785 nm laser on a silver shot electrode post detonation 
showing the pure   rotational transition as well as the concerted transitions 
comprising the  to  rotational transitions with the  to  spin rotational 
transition.  Corresponding spin-orbital coupling and fluxon coupling were also observed with both 
the pure and concerted transition. 

 
 
Infrared spectroscopic rotational transitions are forbidden for symmetrical diatomic 

molecules with no electric dipole moment.  However, since molecular hydrino uniquely possesses 
an unpaired electron, the application of a magnetic field to align the magnetic dipole of molecular 
hydrino is a means to break the selection rules to permit a novel transition in .  Using the 
absorbance mode of a Thermo Scientific Nicolet iN10 MX spectrometer equipped with a cooled 
MCT detector, FTIR analysis was performed on solid-sample pellets of GaOOH:H2(1/4) with the 
presence and absence of an applied magnetic field using a Co-Sm magnet having a field strength 
of about 2000 G.  The spectrum shown in Figure 16.23 shows that the application of the magnetic 
field gave rise to an FTIR peak at 4164 cm-1 which is an exact match to the concerted rotational 
and spin-orbital transition  to , .  

 

H2 1/ 4( ) ΔJ = 2
J = 0 J ' = 0,1,or2 J = 0 J = 1

H2 1/ 4( )
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Figure 16.23.   The effect of the application of a magnetic field on the FTIR spectrum (250 cm-

1 to 800 cm-1) recorded on GaOOH:H2(1/4).  The application of a magnetic field gave rise to an 
FTIR peak at 4164 cm-1 which is an exact match to the concerted rotational and spin-orbital 
transition  to , .  

 
The influence of magnetic materials on the selection rules to observe molecular hydrino 

rotational transitions involving interaction with the free electron was investigated.  Raman samples 
comprising solid web-like fibers were prepared by wire detonation of an ultrahigh purity Fe wire 
in a rectangular cuboid Plexiglas chamber having a length of 46 cm and a width and height of 12.7 
cm.  A 10.2 cm long, 0.25 mm diameter Fe metal wire (99.995%, Alfa Aesar #10937-G1) was 
mounted between two Mo poles with Mo nuts at a distance of 9 cm from the chamber floor, a 15 
kV capacitor (Westinghouse model 5PH349001AAA, 55 F) was charged to about 4.5 kV 
corresponding to 557 J by a 35 kV DC power supply, and a 12 V switch with a triggered spark gap 
switch (Information Unlimited, model-Trigatron10, 3 kJ) was used to close the circuit from the 
capacitor to the metal wire inside of the chamber to detonate the wire.  The detonation chamber 
contained air comprising 20 Torr of water vapor controlled by a humidifier and a water vapor 
sensor.  The water vapor served as a source of HOH catalyst and atomic H to form molecular 
hydrino .  The high voltage DC power supply was turned off before closing the trigger 
switch.  The peak voltage of about 4.5 kV was discharged as a damped harmonic oscillator over 
about 300 s at a peak current of 5 kA.  Web-like fibers formed in about 3-10 minutes after the 
wire detonation.  Analytical samples were collected from the chamber floor and walls, as well as 
on a Si wafer placed in the chamber.  Raman spectra were recorded on the web material using the 
Horiba Jobin Yvon LabRAM Aramis Raman spectrometer with a HeCd 325 nm laser in 
microscope mode with a magnification of 40X or with a 785 nm laser.   

J = 0 J ' = 1 m = 0.5

µ

H2 1/ 4( )
µ



Applications: Pharmaceuticals, Specialty Molecular Functional Groups and Molecules,  
Dipole Moments and Interactions 

1103 1 

The Raman spectra obtained using a Horiba Jobin Yvon LabRam ARAMIS spectrometer 
with a 785 nm laser on solid web-like fibers prepared by wire detonation of an ultrahigh purity Fe 
wire in air maintained with 20 Torr of water vapor are shown in Figure 16.24 and 16.25.  As shown 
in the 3420 cm-1 to 4850 cm-1 Raman spectral region (Figure 16.24), a periodic series of peaks was 
observed.  The series of peaks was confirmed to originate from the sample by treating the Fe-
web:H2(1/4) sample with HCl.  As shown in Figure 16.25, all of the Raman peaks were eliminated 
by the acid treatment of the Fe-web sample by reaction of iron oxides, iron oxyhydroxide, and iron 
hydroxide species of the sample to form FeCl3 and H2O.  Similarly, KCl also showed no peaks 
over this spectral range further demonstrating that the periodic peaks were not due to an etalon or 
other artifact of the optics.  It was confirmed by the manufacturer, Horiba Instruments, Inc., that 
the infrared CCD detector (Horiba Aramis Raman spectrometer with a Synapse CCD camera 
Model: 354308, S/N: MCD-1393BR-2612, 1024x256CCD Front Illuminated Open Electrode) is 
front illuminated which also precludes the possibility of an etalon artifact.  Due to the extraordinary 
high energies, the transitions cannot be assigned to any prior known compound. 

The peak positions of the series of peaks shown in Figure 16.24 are given in Table 16.54 
with the corresponding peak positions upon conversion from Raman to emission spectral peaks.  
The series is assigned to the fluxon linkage during concerted rotational and spin-orbital transition 

 to , , and  with energies given by Eqs. (16.246), (16.247), and 
(16.258), respectively.  The series is predicted to start at 8064.5 cm-1 (7930 cm-1 observed).  There 
is a slight matrix shift of about the energy of two fluxons (Eq. (16.247)) from that of  

being a free rotor.  In the case of emission, the magnetic energies  as a function of 
quantum number  is negative since the fluxon energies are internally converted resulting in lower 
energy emission due to more stored magnetic energy.  In addition to the magnetic energy of the 
concerted transition (Eq. (16.249)), an additional term arises since the rotational and intrinsic spin 
angular momentum are aligned on the common z-axis.  During emission, the term is positive 
corresponding to higher energy emission as the fluxon linkage energy decreases due to coupling 
to the spin-orbital coupling.  The coupling energy  is given by the ratio of the spin orbital 
energy (Eq. (16.246) with ) and  (Eq. (16.249)) times the number of fluxons emitted 
corresponding to the quantum number . 

  (16.264) 

The fluxon separation energies  given in Table 16.54 are calculated by the sum of the 

components , , and  (Eqs. (16.247), (16.249), and (Eq. 
(16.264), respectively): 

  (16.265) 

J = 0 J ' = 2 m = 0.5 mΦ3/2 = 1

H2 1/ 4( )
US /OMag ,concerted

j

ES /O−Φ3/2
m = 0.5 Φ0

j

ES /O−Φ3/2 = j
ES /O ,rot

Φ0

= j 264 cm−1

1950 cm−1

2
= 0.2708 j cm−1

ΔEΦ,rot ,concerted

EΦ,rot ,concerted −US /OMag ,concerted ES /O−Φ3/2

ΔEΦ,rot ,concerted = EΦ,rot ,concerted −US /OMag ,concerted + ES /O−Φ3/2

= 46.24 cm−1 − 0.0520 j2  cm−1 + 0.2708 j cm−1
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Figure 16.24.   The Raman spectrum (3420 cm-1 to 4850 cm-1) obtained using a Horiba Jobin 
Yvon LabRam ARAMIS spectrometer with a 785 nm laser on solid web-like fibers (Fe web) 
prepared by wire detonation of an ultrahigh purity Fe wire in air maintained with 20 Torr of water 
vapor showing a periodic series of peaks assigned to fluxon linkages during the  

concerted rotational and spin-orbital transition  to , , and . 

 

H2 1/ 4( )
J = 0 J ' = 2 m = 0.5 mΦ3/2 = 1
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Figure 16.25.   The Raman spectrum (3420 cm-1 to 4850 cm-1) obtained using a Horiba Jobin 
Yvon LabRam ARAMIS spectrometer with a 785 nm laser showing that all of the Raman peaks 
of Figure 16.24 were eliminated by the acid treatment of the Fe-web:H2(1/4) sample with HCl. 
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Table 16.54.   The position, energies, and energy separations of the 785 nm Raman spectral 
peaks in the 3420 cm-1 to 4850 cm-1 region shown in Figure 16.24 assigned to fluxon linkages 
during the  concerted rotational and spin-orbital transition  to , , and 

. 
Raman 
Energy 
(cm-1) 

Emission 
Energy 
(cm-1) 

j  Energy 
Observed 

(cm-1) 

 Energy 
Theoretical 

(cm-1) 
3886 8853 1 42 46.5 
3928 8811 2 44 46.6 
3972 8767 3 42 46.6 
4014 8725 4 42 46.5 
4056 8683 5 41 46.3 
4097 8642 6 43 46.0 
4140 8599 7 40 45.6 
4180 8559 8 41 45.1 
4221 8518 9 39 44.5 
4260 8479 10 39 43.7 
4299 8440 11 40 42.9 
4339 8400 12 37 42.0 
4376 8363 13 37 41.0 
4413 8326 14 35 39.8 
4448 8291 15 36 38.6 
4484 8255 16 36 37.3 
4520 8219 17 31 35.8 
4551 8188 18 33 34.3 
4584 8155 19 30 32.6 
4614 8125 20 30 30.9 
4644 8095 21 28 29.0 
4672 8067 22 26 27.0 
4698 8041 23 24 25.0 
4722 8017 24 23 22.8 
4745 7994 25 20 20.5 
4765 7974 26 18 18.1 
4783 7956 27 14 15.6 
4797 7942 28 12 13.1 
4809 7930 29 

 
 

 
In addition, FeOOH (99+%, Alfa Aesar#A1626730) was used as a hydrino solid fuel to 

form solid Raman samples.  FeOOH can form HOH catalyst and atomic hydrogen upon chemical 
decomposition by heating and was confirmed to produce excess heat.  Similar hydrino solid fuels 

H2 1/ 4( ) J = 0 J ' = 2 m = 0.5

mΦ3/2 = 1
Δ Δ
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showed analytical signatures of the predicted hydrino product  [R. Mills, J. Lotoski, W. 
Good, J. He, “Solid Fuels that Form HOH Catalyst,” Int’l J. Hydrogen Energy, Vol. 39 (2014), pp. 
11930–11944 DOI: 10.1016/j.ijhydene.2014.05.170.].  The 785 nm Raman run on FeOOH heated 
to 600°C to form Fe2O3:H2(1/4) is shown in Figure 16.26. 

 
Figure 16.26.   The Raman spectrum (200 cm-1 to 11,000 cm-1) obtained using a Horiba Jobin 
Yvon LabRam ARAMIS spectrometer with a 785 nm laser on solid fuel FeOOH powder heated 
to 600 °C showing a peak at 6263 cm-1 assigned to the  pure rotational transition  

to , , and  given in Table 16.53.  The peak at 1062 cm-1 is due to silicate of 
the Raman slide and the other lines are multi-order 785 nm laser lines. 

 

Given that  was observed by a hydrino solid fuel reaction of FeOOH, and ball 
milling has an effect equivalent to heating to drive chemical reactions [T. Markmaitree, R. Ren, L. 
L. Shaw, “Enhancement of lithium amide to lithium imide transition via mechanical activation”, 
J. Phys. Chem. B., Vol. 110, No. 41, pp. 20710-20718], FeOOH was ball milled in a stainless steel 
chamber using stainless steel balls for 10 hours to form the hydrino product FeOOH:H2(1/4).  
Raman spectra were recorded on the solid product using the 785 nm and 325 nm lasers.  The 
Raman spectra obtained using a Horiba Jobin Yvon LabRam ARAMIS spectrometer with a 785 
nm laser on solid FeOOH:H2(1/4) are shown in Figures 16.27-16.28.  As shown in the 3500 cm-1 
to 8000 cm-1 Raman spectral region (Figure 16.27), the series of peaks assigned to fluxon linkages 
during the  concerted rotational and spin-orbital transition  to , , and 

 were also observed in the FeOOH:H2(1/4) product of FeOOH ball milling.  The 3420 
cm-1 to 4850 cm-1 Raman spectral region (Figure 16.28) shows the details of the series of peaks 
assigned to fluxon linkages during the  concerted rotational and spin-orbital transition 

 to , , and  transition.  And, the 6000 cm-1 to 7600 cm-1 Raman 
spectral region (Figure 16.29) shows the details of another series assigned to fluxon linkages 

H2 1/ 4( )

H2 1/ 4( ) J = 0

J ' = 2 m = 1 mΦ = −3

H2 1/ 4( )

H2 1/ 4( ) J = 0 J ' = 2 m = 0.5

mΦ3/2 = 1

H2 1/ 4( )
J = 0 J ' = 2 m = 0.5 mΦ3/2 = 1
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during the  pure rotational and spin-orbital transition  to , , and 

.  The peak positions and energies are shown in Table 16.55.   

Figure 16.27.   The Raman spectrum (3500 cm-1 to 8000 cm-1) obtained using a Horiba Jobin 
Yvon LabRam ARAMIS spectrometer with a 785 nm laser on solid FeOOH powder prepared by 
ball milling for 10 hours showing the series of peaks assigned to the transitions assigned to fluxon 
linkages during the  concerted rotational and spin-orbital transition  to , 

, and  were also observed in the FeOOH:H2(1/4) product of FeOOH ball milling. 

 
 

H2 1/ 4( ) J = 0 J ' = 2 m = −1

mΦ = 1

H2 1/ 4( ) J = 0 J ' = 2

m = 0.5 mΦ3/2 = 1
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Figure 16.28.   The Raman spectrum (3420 cm-1 to 4850 cm-1) obtained on solid 
FeOOH:H2(1/4) showing the details of the series assigned to fluxon linkages during the  

concerted rotational and spin-orbital transition  to , , and . 

 
The peak positions of the series of peaks shown in Figure 16.29 are given in Table 16.55 

with the corresponding peak positions upon conversion from Raman to emission spectral peaks.  
The series is assigned to the fluxon linkage during the pure rotational transition  to , 

, and  with energies given by Eqs. (16.256), (16.246), and (16.248), respectively.  
The series is predicted to start at 5323 cm-1 (5300 cm-1 observed).  There is a slight matrix shift of 
less than the energy of a fluxon (Eq. (16.248)) from that of  being a free rotor.  Since the 
for the pure rotational transition the spin angular momentum vector is aligned along the y-axis 
perpendicular to the rotational axis along the  z-axis, there is no term due to coupling 
between the coupling of the fluxon energy to the spin-orbital coupling energy.  Thus, the fluxon 
separation energies  given in Table 16.55 are calculated by the sum of the components 

 and (Eqs. (16.248) and (16.250), respectively): 

  (16.266) 

 

H2 1/ 4( )
J = 0 J ' = 2 m = 0.5 mΦ3/2 = 1

J = 0 J ' = 2
m = −1 mΦ = 1

H2 1/ 4( )

H2 1/ 4( )

ΔEΦ,rot

EΦ,rot −US /OMag

ΔEΦ,rot = EΦ,rot −US /OMag

= 30.83 cm−1 − 0.0154 j2  cm−1
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Figure 16.29.   The Raman spectrum (6000 cm-1 to 7600 cm-1) obtained on solid 
FeOOH:H2(1/4) showing the details of the series assigned to fluxon linkages during the  

pure rotational and spin-orbital transition  to , , and . 

 
 
Table 16.55.   The position, energies, and energy separations of the 785 nm Raman spectral 
peaks in the 6500 cm-1 to 7500 cm-1 region shown in Figure 16.29 assigned to fluxon linkages 
during the  pure rotational and spin-orbital transition  to , , and 

. 
Raman 
Energy 
(cm-1) 

Emission 
Energy 
(cm-1) 

j  Energy 
Observed 

(cm-1) 

 Energy 
Theoretical 

(cm-1) 
6548 6191 1 31 30.8 
6579 6160 2 31 30.8 
6610 6129 3 30 30.7 
6640 6099 4 29 30.6 
6669 6070 5 29 30.4 
6698 6041 6 30 30.3 
6728 6011 7 29 30.1 
6757 5982 8 29 29.8 
6786 5953 9 30 29.6 
6816 5923 10 27 29.3 
6843 5896 11 28 29.0 
6871 5868 12 29 28.6 
6900 5839 13 29 28.2 
6929 5810 14 28 27.8 
6957 5782 15 27 27.4 
6984 5755 16 28 26.9 
7012 5727 17 26 26.4 
7038 5701 18 27 25.8 
7065 5674 19 26 25.3 

H2 1/ 4( )
J = 0 J ' = 2 m = −1 mΦ = 1

H2 1/ 4( ) J = 0 J ' = 2 m = −1
mΦ = 1

Δ Δ
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7091 5648 20 26 24.7 
7117 5622 21 27 24.0 
7144 5595 22 25 23.4 
7169 5570 23 24 22.7 
7193 5546 24 23 22.0 
7216 5523 25 25 21.2 
7241 5498 26 23 20.4 
7264 5475 27 22 19.6 
7286 5453 28 22 18.8 
7308 5431 29 20 17.9 
7328 5411 30 19 17.0 
7347 5392 31 19 16.0 
7366 5373 32 18 15.1 
7384 5355 33 16 14.1 
7400 5339 34 15 13.0 
7415 5324 35 13 12.0 
7428 5311 36 11 10.9 
7439 5300 37   

 
Materials comprising molecular hydrino were further investigated by Raman spectroscopy 

using a higher energy UV laser.  The presence of  in the GaOOH:H2(1/4) SunCell 
product, Fe-web detonation product, and FeOOH:H2(1/4) ball-mill product samples was confirmed 
using 325 nm Raman spectroscopy by the observation of a characteristic spectral pattern observed 
previously on hydrino reaction product materials.  Specifically, Raman spectra were obtained 
using a Horiba Jobin Yvon LabRam ARAMIS spectrometer with a 325 nm laser on (i) the white 
polymeric compound formed by dissolving Ga2O3 collected from a hydrino reaction run in the 
SunCell® in aqueous KOH, allowing fibers to grow, and float to the surface where they were 
collected by filtration, (ii) solid web-like fibers prepared by wire detonation of an ultrahigh purity 
Fe wire in 20 Torr water vapor-air atmosphere, and (iii) FeOOH powder prepared by ball milling 
for 10 hours.  In all three cases, a series of 1000 cm-1 separated peaks were observed in the 17,000 
to 22,000 cm-1 region.  The peaks matched the second order ro-vibration fluorescence emission of 

 observed in the Raman spectrum recoded on NaOH:KCl (1:1 wt%) getter of the 

 product gas from high current ignition of hydrated silver shots wherein the spectrum 
was recorded using the Horiba Jobin Yvon LabRam ARAMIS spectrometer with a 325 nm laser 
[R. Mills, Y. Lu, R. Frazer, “Power Determination and Hydrino Product Characterization of Ultra-
low Field Ignition of Hydrated Silver Shots”, Chinese Journal of Physics, Vol. 56, (2018), pp. 
1667-1717.].  The corresponding first order spectrum in the ultraviolet comprised a series of 0.24 
eV evenly spaced peaks centered at 260 nm called the 260 nm e-beam band recoded with a EUV 
spectrometer on emission from high-energy electron beam bombardment of solid getter materials 
that trapped  [R. Mills, X. Yu, Y. Lu, G. Chu, J. He, J. Lotoski, “Catalyst induced hydrino 
transition (CIHT) electrochemical cell,” (2012), Int. J. Energy Res., (2013), DOI: 
10.1002/er.3142].  The intense fluorescence spectra in all cases comprised the ro-vibration band 
from the   to  vibrational transition shifted by the higher effective mass of 

 in a solid matrix and the 1950 cm-1 spaced lines of the free rotor P-branch of . 

H2 1/ 4( )

H2 1/ 4( )
H2 1/ 4( )

H2 1/ 4( )

H2 1/ 4( ) ν = 1 ν = 0

H2 1/ 4( ) H2 1/ 4( )
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The addition of water to the complex with GaOOH:H2(1/4)) was tested as a means to suppress the 
intense fluorescence observed with the UV 325 nm Raman laser.  A sample comprising 50:50 
vol% GaOOH:H2(1/4):H2O analyzed by 325 nm Raman spectroscopy showed the absence of 
fluorescent peaks with novel Raman peaks observed in the 14,000 cm-1-15,000 cm-1 region.  The 
dipole of the water molecule may permit a direct  spin rotation transition with an angular 
momentum change of  while the molecule undergoes a pure  rotational transition.  The 
corresponding spin-orbital coupling and fluxon linkage quantum numbers are  and .  The 
Raman peaks shown in Figure 16.30 and assigned in Table 16.56 have energies  that match 
the pure rotational transition  with a  spin transition.  The corresponding rotational 
energy of 13,652 cm-1 is given in Table 16.52 as the sum of 11,701 cm-1 and 1950 cm-1 for 
rotational and spin components, respectively.  The spin-orbital coupling energy of 528 cm-1 and 
fluxon linkage energy of 30.8 cm-1 are given in Table 16.51.   

  (16.267) 

These lines were observed to be very sensitive to elimination with UV irradiation by the 325 nm 
Raman laser wherein at least one of the complex GaOOH:H2(1/4):H2O or the compound 
GaOOH:H2(1/4) decomposed upon prolonged UV irradiation.  The sensitivity necessitated the 
acquisition of the spectrum in short spectral-range intervals such as the one shown in Figure 16. 
30. 
 
Figure 16.30.   The 325 nm Raman spectrum (14,000-15,000 cm-1) obtained on 50:50 vol% 
GaOOH:H2(1/4):H2O showing a series of peaks assigned to spin-orbital coupling and fluxon 
linkages during the   to  rotational transition with the  spin transition.   

 
 

ΔJ = 1
! ΔJ = 3

m mΦ

ERaman
ΔJ = 3 ΔJ = 1

m
mΦ

ERaman = ΔEJ=0→3 + ΔEJ=0→1 + ES /O ,rot + EΦ,rot

= 13,652 cm−1 +m528 cm−1 +mΦ31 cm−1

H2 1/ 4( ) J = 0 J ' = 3 ΔJ = 1
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Table 16.56.    Raman lines and corresponding hydrino assignments for the 325 nm 
Raman spectrum (14,000-15,000 cm-1) obtained on 50:50 vol% GaOOH:H2(1/4):H2O (Figure 
16.30).  The quantum numbers corresponding to spin-orbital splitting and fluxon sub-splitting 
during the   to  pure rotational transition with the  spin transition are 

 and , respectively, having energies given in Table 16.51.  The theoretical energies are given 
by the sum of the rotational, spin-orbital coupling, and fluxon linkage energies of 13,652 cm-1, 
528 cm-1, and 30.8 cm-1, respectively.  Delta is the difference between the observed and 
theoretical lines. 

Observed Raman 
Lines (cm-1) 

  Theoretical (cm-1) Delta (cm-

1) 
14,003.0 0.5 3 14008.4 -5.40 
14,031.3 0.5 4 14039.2 -7.90 
14,063.4 0.5 5 14070.0 -6.60 
14,099.1 0.5 6 14100.8 -1.70 
14,137.7 0.5 7 14131.6 6.10 
14,165.7 0.5 8 14162.4 3.30 
14,185.4 0.5 9 14193.2 -7.80 
14,208.7 1 1 14210.8 -2.10 
14,226.5 1 1.5 14226.2 0.30 
14,241.8 1 2 14241.6 0.20 
14,275.0 1 3 14272.4 2.60 
14,279.7 1 3 14272.4 7.30 
14,295.7 1 4 14303.2 -7.50 
14,304.5 1 4 14303.2 1.30 
14,321.6 1 4.5 14318.6 3.00 
14,368.9 1 6 14364.8 4.10 
14,401.7 1 7 14395.6 6.10 
14,486.9 1 10 14488.0 -1.10 
14,633.0 2 -2.5 14631.0 2.00 

 
It is extraordinary that the EPR and Raman spectra give the same information about the 

structure of molecular hydrino in energy ranges that differ by reciprocal the diamagnetic 
susceptibility coefficient of   (Eq. (1.226)): 1/7X10-7 = 1.4X106.  Josephson junctions 
such as ones of superconducting quantum interference devices (SQUIDs) link magnetic flux in 

quantized units of the magnetic flux quantum or fluxon .  The same behavior was predicted 

and observed for the linkage of magnetic flux by hydrino hydride ion and molecular hydrino.  The 
former was observed in the visible emission spectrum of  during the binding of a free 

electron to the corresponding atom, .  The linkage of fluxons by molecular hydrino was 
observed by electron paramagnetic resonance spectroscopy involving microwave irradiation of 

 in an applied magnetic field wherein resonant absorption caused a spin-flip transition 
involving spin-orbital coupling with the quantized magnetic flux linkage.  The linkage of fluxons 
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H2 1/ 4( ) J = 0 J ' = 3 ΔJ = 1
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by molecular hydrino was also observed by Raman spectroscopy involving infrared, visible, or 
ultraviolet laser irradiation of  wherein resonant absorption caused a rotational transition 
involving spin-orbital coupling with the quantized magnetic flux linkage.  The linkage of fluxons 
by molecular hydrino was further observed by Raman spectroscopy involving infrared irradiation 
of  wherein resonant absorption caused a rotational transition involving spin-orbital 
coupling with the quantized magnetic flux linkage when a magnetic field was applied to change 
the selection rules for infrared absorption.  The phenomenon of flux linkage by hydrino species 
such as  and  has utility in enabling hydrino SQUIDs and hydrino SQUID-
type electronic elements such as logic gates, memory elements and other electronic measurement 
or actuator devices such as magnetometers, sensors, and switches utilizing the unique 
characteristics of these hydrino reaction products.  For example, a computer logic gate or memory 
element that operates at even elevated temperature versus cryogenic ones, may be a single 
molecular hydrino such as  that is 43 or 64 times smaller than molecular hydrogen. 

Next, X-ray photoelectron spectroscopy (XPS) confirmation of molecular hydrino 
 in GaOOH:H2(1/4) was performed by measuring the  total energy in the 500 

eV region predicted by Eq. (11.240) wherein the double ionization is a required selection rule.  A 
series of XPS analyses were performed on GaOOH:H2(1/4) using a nonmonochromatic Mg Kα 
(1254 eV) excitation source with the XPS spectra recorded using a SPECS GmbH system with a 
PHOIBOS 150 hemispherical energy analyzer.   at  was used as the internal 
standard.  The peak shown in Figure 16.31 at 496 eV was assigned to  wherein other 
possibilities such Sn, W, and Ir were eliminated since the corresponding peaks of these candidates 
were absent.  Cu is from the TEM grid used to mount the fibers.  
 

H2 1/ 4( )

H2 1/ 4( )

H − 1/ p( ) H2 1/ p( )

H2 1/ 4( )

H2 1/ 4( ) H2 1/ 4( )
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Figure 16.31.   The XPS spectrum of GaOOH:H2(1/4) showing the  total energy peak 
at 496 eV. 

 
 was further identified by gas chromatography of gas collected from the SunCell® 

[131].   gas was collected from the SunCell® using a valved microchamber connected to 
the vacuum line and cooled to 15 K by a cryopump system (Helix Corp., CTI-Cryogenics Model 
SC compressor; TRI-Research Model T-2000D-IEEE controller; Helix Corp., CTI-Cryogenics 
model 22 cryodyne).  The liquefied gas was warmed to room temperature to achieve 10 Torr 
chamber pressure and was injected into an HP 5890 Series II gas chromatograph with a capillary 
column (Agilent molecular sieve 5 Å, (50 m x 0.32 mm, df = 30 μm)) at 303 K (30 °C), argon 
carrier gas, and a thermal conductivity detector (TCD) at 60 °C.   was observed as an 

early peak at 10.92 minutes and hydrogen that co-condensed with  gas was observed at 12.7 
minutes (Figure 16.32).  The peak at 18 minutes is oxygen that was condensed before the SunCell 
run to serve as a solvent for .  The collected gas contained no helium by mass 
spectroscopy.  The early peak was negative with a helium carrier gas indicating that the early peak 

H2 1/ 4( )

H2 1/ 4( )
H2 1/ 4( )

H2 1/ 4( )
H2

H2 1/ 4( )
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had a higher thermal conductivity, and the migration rate was faster than that of helium with an 
argon carrier gas.  No known gas has a faster migration rate and higher thermal conductivity than 

 or He which is characteristic of and identifies hydrino since it has a much greater mean free 

path due to exemplary  having 64 times smaller volume and 16 times smaller ballistic 
cross section.  Hydrogen condensed under pressure and temperature conditions that violate the 
Clausius Clapeyron equation due to the raising of the  liquefaction temperature by co-

condensation with . 
 
Figure 16.32.   The gas chromatograph of gas collected from the SunCell® by a cryopump 
showing  at 10.92 minutes and hydrogen that co-condensed with  gas was observed 
at 12.7 minutes.   

 
The SunCell was operated for one hour at excess power levels of over 100 kW with the 

intention of forming molecular hydrino states  with  and , possibly .  

The HOH catalyst reaction of  to hydrino atom  is given by Eqs. (5.40-5.43).  Hydrino 
atoms have a potential energy of an integer multiple of 27.2 eV matching the hydrino catalyst 
criterion.  Thus, hydrino atoms serving as catalysts may react with  to form lower energy states 
than those of the catalysts.  A favored reaction is the catalysis of  to  by  
serving as the catalyst (Eqs. (5.76-5.79)).  A characteristic signature of this reaction is the emission 
of broad soft X-ray radiation of 3.48 keV.  A broad X-ray peak with a 3.48 keV cutoff was observed 
in the Perseus Cluster by NASA’s Chandra X-ray Observatory and by the XMM-Newton that has 

H2

H2 1/ 4( )

H2

H2 1/ 4( )

H2 1/ 4( ) H2

H2 1/ p( ) p = 4 p > 4 p = 17

H H 1/ 4( )
H
H H 1/17( ) H 1/ 4( )



Applications: Pharmaceuticals, Specialty Molecular Functional Groups and Molecules,  
Dipole Moments and Interactions 

1117 1 

no match to any known atomic transition.  The 3.48 keV feature assigned to dark matter of 
unknown identity by BulBul et al. [E. Bulbul, M. Markevitch, A. Foster, R. K. Smith, M. 
Loewenstein, S. W. Randall, “Detection of an unidentified emission line in the stacked X-Ray 
spectrum of galaxy clusters,” The Astrophysical Journal, Volume 789, Number 1, (2014); N. 
Cappelluti, E. Bulbul, A. Foster, P. Natarajan, M. C. Urry, M. W. Bautz, F. Civano, E. Miller, R. 
K. Smith, “Searching for the 3.5 keV Line in the Deep Fields with Chandra: The 10 ms 
Observations,” The Astrophysical Journal, Vol. 854 (2), (2018), p. 179 DOI: 10.3847/1538-

4357/aaaa68] matches the  transition.  The identification of 

molecular hydrino SunCell products such as  that result from hydrino serving as a 
catalyst was sought using gas chromatography.  A small reproducible peak shown in Figure 16. 33 
that is a candidate for  was observed in cryogenically collected SunCell gases. 

 
Figure 16.33.   The gas chromatograph of gas collected from the SunCell® by a cryopump 
showing  at 1.95 minutes that may be .   

 
 
Since molecular hydrino absorbs on metals as shown by the Raman spectroscopy (Figures 

16.20A-B), gallium-transition metal alloys were formed during the propagation of a hydrino 
plasma reaction in the SunCell, and solid samples were isolated as a source of molecular hydrino 
gas release by thermal desorption.  The SunCell comprising Cr-Mo stainless steel reaction vessel 
walls was operated at a gallium temperature of 600°C, a temperature above the threshold for the 
formation of gallium-transition metal alloys.  Additionally, the hydrino plasma mixture, 2000 sccm 
H2/10 sccm O2, was richer in oxygen than typical to form some gallium oxide to additionally 
absorb molecular hydrino.  Following a 30-minute plasma run, 3 grams of solid material was 
collected from the molten SunCell gallium.  The solid sample was mixed with excess aqueous 4 
M KOH (Alfa Aesar, flake 85%, AAA161990C) for 24 hours, then the solution was filtered using 
a Buchner funnel, side-arm flask, and filter paper (WhatmanTM, Grade 50, 09-865C; high-quality 
cotton liners, high wet-strength, and chemical resistance).  By X-ray diffraction, the KOH-treated 
Ga2O3 collected from SunCell® plasma runs comprised Ga2O3, GaOOH, gallium-stainless steel 
metals (~0.1-5%) as iron-gallium, nickel gallium, and chromium-gallium alloys, alloy oxides, and 
about 1% carbonate.  The insoluble solid from the filter paper was placed in a porous thin-walled 
ceramic crucible.  The crucible was placed into a sixty-five-milliliter stainless-steel vessel that was 
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vacuum-sealed using a copper gasket and stainless-steel knife-edge flanged plate having two 
welded-in ports, one inlet/outlet port, and a port for monitoring pressure changes during and after 
the test.  The sealed stainless-steel vessel was evacuated, leak checked, and loaded into a smelting 
furnace (ProCast™ 3 kg 110 Volt U.S. Electric Melting Furnace 2102 °F) and heated to 800 °C 
over a time interval of 25 to 40 minutes wherein the pressure rose from -30 in Hg to between 15 
to 25 PSI.  The stainless-steel vessel was then connected to the inlet sample tube and pneumatic 
valve of the gas chromatograph.  Optimally, the pressure inside the sample tube maintained at least 
1000 Torr. 

Using an Agilent 8890 gas chromatograph system with a single filament thermal 
conductivity detector (TCD), gas chromatography was performed on the gases released by thermal 
desorption of gas bound to the KOH-treated alloy/Ga2O3 sample originally collected from a 
SunCell® plasma run.  Known gases such as hydrogen were also run to identify their migration 
times to compare to the results of the SunCell-derived sample.  The pressure controller was set at 
19 PSI for the flow of argon carrier gas at 5 ml/min on a capillary column (Agilent molecular sieve 
5 Å, (50 m x 0.32, df = 30 μm) at 303 K (30 °C) with the TCD at 60 °C.  The gas inlet injected a 
1000 ul sample onto the column wherein the volume was precision-controlled by electronic 
pneumatic controllers run by compressed nitrogen.  The Agilent 8890 system sensed and 
compensated for atmospheric pressure fluctuations, and a microchannel-based architecture 
protected against gas contaminants.  The data was analyzed using Agilent OpenLab CDS. 

The gas chromatograph of hydrino gas evolved by heating the KOH-treated alloy/Ga2O3 
material collected from the SunCell® to 800°C is shown in Figure 16.34.  The known hydrogen 
peak was observed at 8 minutes, a nitrogen peak was observed at 15 minutes, and a novel peak 
observed at 6 minutes was assigned to .  The property of molecular hydrino peak having 
a shorter retention time than any know gas was attributed to its decreased molecular size and 
corresponding smaller ballistic cross section. 
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Figure 16.34.   The gas chromatograph of hydrino gas evolved by heating the KOH-treated 
alloy/Ga2O3 material collected from the SunCell® to 800°C.  The known hydrogen peak was 
observed at 8 minutes, a nitrogen peak was observed at 15 minutes, and a novel peak observed at 
6 minutes was assigned to . 
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