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i *Get fundamental Hamiltonian cansistent with standard model i
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E(Zurrcnt status of the theory and modelling effort based on fractionation

Peter L. Hagelstein
Massachusetts Institute of Technology, USA

The theory problem... | Vacancies and D, inside the lattice

« Biggest issue s absence of energetic nuclear radiation ! | * D, cannot exist in bulk PAD because background electron density too high

« implies that it should be possible to down-convert a large 24 MeV quantum
* Need a model to do it | i
« But nuclel don't interact much on atomic scale B
+ Need a stronger interaction between nuclel and environment

\ * Also note that theory problem involves both know physics and new physics

* Lower electron density near vacancies
‘ « Interested in possibility of D, formation in monovacancies
* Analog at right energy known for H, at surface site of PdH
* Vacancles thermodynamically favored above D/Pd = 0.95

* Candidate explanation for SRI lcading criterion

* Consistent with Letts high current density codeposition protocol

et * Could use NMR to prove/disprove 3
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Superabundant vacancies - 0 ot ¢ O e

Interaction between vibrations and nuclei observed in PdH when time for " . ¢" o" o & |
atomic self diffusion o -+ 7 ;
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* From comparison of models with experiment, know now that
interactions must be pretly strong
+Second-order coupling not going 1o do the job New condensed matter Hamiltonian:

sProposed relativistic coupling in 2012 7 7 j 2
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«Have been issues along the way, but still looks like best option I

relativistic interaction between  electronic kinetic Coulomb m‘m electron-electron.
nuclei and vibrations energy L e T LA
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Multi-quantum coherent energy exchange

Work with more sophisticated model for fractionation:
» How to split up big MeV quantum into lots of small meV quanta?

« Found In 2002 could be done with a lossy spin-boson model spin-boson model ons el

» Numerical results, analytic results, asymptotic results, scaling laws all :

give consistent results for effect and rates 0 = AE \i 5 ’“’W GV ._w(u i } Z”r -:I; 3 Z”'(" +8 )(d va')
« But approach used only gives limit of when it works as good as ,h Rl s T :
possible | oscillator bath coupling between

» Want new formulation to model between turn-on and maximum | two-level systems B : osciltator and bath
i near
coherent energy exchange rate } ear coupling

Models with modest loss show substantial

Can see enhancement due to loss first turn on... multi-quantum exchange rates
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s I pahi What is new? _ *
4 « Some progress working with more sophisticated models PR i
- " . ]
: * Wanted to ses if crude model used earlier (s imit of general .
madel = some evidence now that it is
« Same ability now to work with realistic loss models ? .
“ : { - x,, 1
. + New plcture/interpretation for Karabut experiment oy MW |
hbar r. /AR +Now o m wnh * " ! oLt ,A‘ -
regime (probably don't require anomalous regime) o
' New nuclear model: :ﬂr:smMMan|mnm»wmm | « Lot ¥ this caleulation B off msonance
e B “ v ShAA T Yo St & L S | +S0 enhancement doesn't kick in until
 ZMAn )+ 2 o g couping o e
» Progress on development of a simulation model for F&P | s Maximum coupling from crude model
Now have first nucleon M and a matrices \ experiment, also Letts 2-laver experiment J looks to be relevant|
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Electrochemlcai Analysis of Palladium Cathodes towards the Advancement of
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Reproducibly High H/Pd Loading Ratios

S. Hamm, O. Dmitriyeva, D. Knies, R. Cantwell, M. McConnell
Coolescence LLC., Boulder, CO 80301 U.S.A

Electrochemical Impedance Spectroscopy

Mativation:

« A strong correlation has been found between surface impurities and H/Pd (D/Pd) loading.
Impurities that promote increased loadings are referred to as “promoter” impurities

« Therefore, it is important to understand the effects of these impurities since it is believed
there is a higher probability of observing the Fleischmann-Pons Effect when D/Pd>0.9.

« It is also important to determine how pure Pd in a pure electrolyte theoretically behaves, and
whether it would be possible to achieve high loading in such a configuration.

Experimental Approach

= We are studying the electrochemical properties of surface impurities and how they affect
loading/de-loading behavior using impedance spectroscopy (EIS) and chronopotentiometry
{CP). Unless otherwise noted, experiments were performed in 0.1 M LiOH in H,0.

*» Copper was chosen as the investigated impurity for the bulk of this work since numerous
experiments indicated it to be beneficial toward high loading, and it is easy to electrodeposit
and study with electrochemical techniques. Appri ely 9 mass equival monolayers
(ML) — a total mass of roughly 70 ug and charge of about 3.8 mC cm? - of Cu was
electrodeposited using 0.5 mM CuSO,

* Our group is also currently investigating the effects of Pb, Sn, Zn, Bi, Ni, Fe, and more

Conclusions:

* The results of our work suggest the surface impurities are the primary aspect controlling the
loading, whereas crystal orientation, grain size, crack formation, etc. appear to be secondary
effects (see also O. Dmitriyeva and D. Knies presentations).

Reaction Mechanisms

In alkaline solutions:

1) H0+M+e 6> M-H,+OH (Volmer)

2) MH, © MH, (Absorption)
3) 2M-H,, & 2ZM + H, (Tafel)

4) HO+MH_ +e S M+H+0H (Heyrovsky)

Note: The mechanisms are the same for Hand D

Important Equation:
Simplified Butier-Volmer relationship (Mechanism (1))
J,0 = Total current density [A em?]

-
Iroe = ZI,,(!”" e s J, = Exchange current density [A cm?)
] B = Symmetry coefficient
= F/RT [v1]
1= Overpotential [V]

Increased H/Pd (D/Pd) Loading

High D/Pd loading suggested to increase probability of observing excess heat [1]

“Volcano Plot” showing exchange B ]
current  densities (j,,) for the ~
hydrogen evolution reaction (HER)
‘on various materials [2]. Pd (not
shown) ks near PL.

Pd + “Promoter” Impurities

* Current from Volmer reaction focused on exposed Pd due to higher
exchange current density (E.C.D,)

* Increased overpotential needed to achieve same current

* Rate of H, production (specifically from (3)) reduced

* Hydrogen chemical potential enhanced by adjacent impurities [3]

We believe some or all of these charocteristics play @ role in the

observed increase in the H/Pd or D/Pd ratio

High- and Low-Flux De-Loading

High D flux also suggested to increase probability of observing excess heat [1]
* Open circuit interruptions during galvanostatic loading protocol used to test the D flux (how fast D can enter/leave the Pd).

Low Flux "Promoter” Impurities

* Loaded cathodes de-load slowly

= Indicative of slower hydrogen spill-over
from PdH (PdD) to impurity surface
resulting in slower H, production

* Note: Rate is also dependent on H or
D/Pd loading
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High Flux "Promoter” Impurities
* Loaded de-load to equil
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+ Impedance data was fitted from 30 kHz to l TELY e g
100 mHz at DC voltages ranging from 0.5 % 4
1o 0.2 V with a 25 mV signal amplitude.
The analysis was performed by fitting the L -
impedance data to the equivalent circult @ e o e TS 53 e e Sorkilortons
provided abave at each DC voltage point.

* {A) Cu deposition increased the double-Layer capacitance (C,). and thus surface area, by about a factor of two.

* (B) Due to the poor H coverage on Cu at these potentials, the adsorbed capacitance C,) is much smaller than before deposition

* () SInce )y €< ) gy, the Cu-blocked sites increase the charge transfer resistance (R,,).

* (D) The Jow H coverage on Cu decreases the rate of H, evolution, as shown by a significant increase in R,
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* (A) The Cu deposited on the Pd (RA + Cu) was relatively uniform, and resulted in very little loading change from the foll prior to Cu
deposition (RA). Interestingly, after Aqua Regia etching (RAE), the foil loaded less (initial surface impurities s%ected loading).

+ (B) Despite a somewhat uniform and thick (=9 ML) Cu layer, the loading rate is only ~3x lower than prior o deposition, since the
current is now focused on the exposed Pd (1 ey >> Ju) The low loading rate correlates well with the observed etectrochemical
trends ~ i e. increased R,, (E15) and decreased |, (CP).

* (€) In another atternpt, a very uneven Cu deposition (see below) strongly affects the loading and de-loading behavior of the fol

Future Wor

Initial studies imply that impurity coverage
matters — good coverage affects loading less
than bad coverage.

* Further investigate how uniform or uneven
impurity coverage affects electrochemical
properties and loading

* Develop methods for controlled depasition
(will depend on surface structure).

* Take measurements in split cell to prevent Pt
deposition during tests.

« Different types of impurities are currently
under investigation.

Impurity Coverage Matters

Uneven coverage (note scale):
D/Pd = 087 D/Pd =093
R/R, = 187 R/R, = 1.71

Somewhat uniform coverage:
Mo significant change in loading

Conclusions

Surface impurities dlearly affect the total H adsorption coverage, H, evolution rate, and rate of absorption
and desorption. Electrochemical measurement techniques, such as EIS and Chronopotentiometry, are very
useful techniques in investigating the surface reactions and effects of impurities.

As once proposed,|1] a thin film or some amount of surface coverage of impurities appears to be a simple
answer to the question, “How do you reproducibly achieve high D/Pd loading ratias?”

*  Whether or not it is the only way is another issue, and stresses the importance of performing experiments

rapidly
. ive of fast hy pill from

PdH (PdD) to impurity surface resulting in

in configy that are as clean as possible (e.g. no copper leads, solder joints, or expased bolts, even i
the electrolytic cell headspace).

rapid H, production References:
4 DM CH MRS, 0t 8 “New Hykogen Becpy Reaoanch o SR KTF & N6E (4] M D Mlarcinkowsd, vt 51 Seture Msteans 13 2010
* Rate of H, production possibly also S T = byl el vt g g ooy
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AN ESSAY ON THE UNIFYING THEORY
OF NATURAL FORCES

STRUCTURE OF NEUTRON AND PROTON

Mass — Antimass — Dark Mass — Nuclear magnetic moment

TABLE OF CONTENTS

FIRST PART :Showing some equivalences
Introduction
Relation of mass and magnetic moment between neutron, proton and electron
Relation between mass of neutron and its dipolar magnetic moment
Schema of the neutron (mass and electromagnetism)
From neutron to proton
6. The creation of the electron and the antineutrino
The binding energy between nucleons
8. Conclusion of first part
Annexes :Schemas 1(1) and 1 ( 2)
Schemas 2(1) and 2 ( 2)
Schemas 3(1) to 3 (17)
Schemas 4(1) and 4 ( 2)

Figures : binding energy of various atomic nuclei

joa) e el

o

SECOND PART : Creation of mass, electro-magnetism, pure energy external to
the neutron trunk

Summary of first part
Creation of mass

Creation of electro-magnetism
Balance of electro-magnetism
Outcome of this mechanism
Pure energy

Conclusion
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THIRD PART : Evidences of mass modification

1 Summary of previous part
2 Muon

35 Mesons

4 Baryons

) Conclusion

FOURTH PART : Generalisation of the system of massification/demassification

1. Introduction

2 The first particles/antiparticles
31 Constitution of neutron

4 The gravitational force

CONCLUSIONS

1 Purpose of the theory

2 Discontinuity of matter

3. Constitution of the neutron

4 Gravitation

5. The action/reaction of the observer — the stroboscopic effect

6. Conclusions according to the map of the universe photographed by the satellite Planckand former satellites
i Composition of the matter

8. Hierarchy of forces

9. Unitary theory of material universe
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ATOMIC NUCLE]L
BINDING ENERGY
Structure of the Atomic Nuclel
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