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Mercury, krypton, nickel, and iron with anomalous
isotopic compositions were found to be produced on or
in gold electrons during light water electrolysis. In ad-
dition, silicon and magnesium with anomalous isotopic
compositions were also detected in the precipitates sep-
arated from the gold electrode electrolyzed at extremely
high current densities. After the electrolysis, the surface
of the electrode exhibited an extraordinary structure, i.e.,
a number of microcraters like volcanoes were devel-
oped. The structure of the outside wall of the craters was
very much like that of the precipitates, and hexagonal
crystallite layers in the inside wall of the craters sug-
gested a partial recrystallization of the electrode mate-
rial due to some intense heat evolution. The craters
developed along the rim of the microcracks, microholes,
and scraped edges of the electrode. These results sug-
gest that some nuclear transmutation reactions occur dur-
ing the electrolysis to produce these effects.

I. INTRODUCTION

In earlier studies1 we reported that a considerable
amount of iron atoms, much greater than the amount of
impurity iron, was detected on or in a gold electrode af-
ter light water electrolysis. Subsequent studies found that

the iron atoms possess an anomalous isotopic composi-
tion evidently deviating from its natural isotopic abun-
dance, and there a linear relationship exists between the
amount of iron and the excess energy produced.2,3 Re-
cently, by more detailed investigations,4–6 we found the
production of several elements with anomalous isotopic
contents besides iron—mercury, osmium, silicon, etc.
These results were supported by several researchers. Ya-
mada et al.7 investigated the isotopic composition of iron
produced on or in a gold electrode after electrolysis in a
sodium sulfate light water solution and perfectly repro-
duced our results. Miley and Patterson8 and Miley et al.9

investigated reaction products in light water electrolysis
with an electrode of plastics beads covered with nickel
film ~Patterson-type electrode! and reported that;40%
of nickel electrode material was converted into iron, chro-
mium, magnesium, copper, silver, etc., after the electrol-
ysis, and the chief product, iron, occupying 15% of the
product, has an isotopic composition that is very close to
that of iron obtained in our study. Dash et al.10 reported
that small amounts of gold and silver were formed on a
crystallographically distorted part of a palladium elec-
trode after electrolysis in both light water and heavy wa-
ter sulfuric acid solutions.

The production of elements with isotopic composi-
tions definitely different from the natural isotopic abun-
dance is a decisive key to confirming the occurrence of
the nuclear transmutation reaction because the isotopic
contents of elements should be universally constant ev-
erywhere on the earth.

In this study we tried to detect the element species
with anomalous isotopic compositions on or in a gold
electrode after electrolysis under various conditions. As*E-mail: tohmori@cat.hokudai.acljp
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a result, we found the production of considerable amounts
of mercury, krypton, nickel, and iron and small amounts
of various kinds of heavy metal elements and, in addi-
tion, an extraordinary structure on the gold electrode sur-
face that suggests a microexplosion due to the nuclear
transmutation reaction outlined in Refs. 4, 5, and 6. Con-
tained herein is a description of the detailed results and
discussion on some possible nuclear reactions that lead
to the production of these elements.

II. EXPERIMENT

The electrolytic cell used was made of fused quartz
in the form of a flat-bottomed cylinder~;6.2 cm in di-
ameter3 15 cm tall! with a 5-cm-high silicone rubber
stopper holding a working electrode, a counter elec-
trode, a thermocouple, and a quartz glass inlet tube for
hydrogen gas. The electrolytic cell was cleaned carefully
with hot mixed acid~1:1 H2SO4 1 HNO3!, rinsed with
Milli-Q water using an ultrasonic vibrator. The working
electrode was clamped on a 0.03-cm-diam gold wire
coated with a thin Teflon film except for the terminal end.
The cell was placed in an air thermostat regulated at
216 18C.

The working electrodes used were cold-worked gold
sheets~2.5 to 5.0 cm2 apparent area; 0.1 mm thick;
99.99% pure; Ag: 21 ppm; Pd: 3 ppm; Cu: 1 ppm; Fe,
Rh, Pt, Si:,1 ppm; Hg and Os: not detected!, whose
surface was scraped with a cleaned glass fragment
~cleaned with hot mixed acid and Milli-Q water!. The
roughness factor of the electrode determined from the dou-
ble layer capacitance11 was 2.0. The counter electrode
was a 13 7 cm, 80-mesh platinum net~99.98% pure;
Rh: 18 ppm; Pd, Cr, Si: 2 ppm; Cu, Fe, B, Ca:,1 ppm;
Hg and Os: not detected!. The working and the counter
electrodes were placed at the bottom of the electrolytic
cell to minimize the temperature gradient in the electro-
lyte solution by vigorously stirring with hydrogen and
oxygen gas bubbles evolved from these electrodes.

The electrolyte solutions were 0.5M sodium sulfate
or 0.5M sodium carbonate solution prepared from Merck
sprapur reagents. The volume of the electrolyte solution
was 100 ml. The contents of major impurity atoms in so-
dium carbonate and sodium sulfate solutions used were
analyzed by inductively coupled plasma~ICP! spectros-
copy. There was no essential difference in the contents
of the impurity atoms between the two solutions. Here,
only the result obtained in the sodium carbonate solution
is shown in Fig. 1. The numbers of magnesium,iron,
nickel, and mercury atoms containing 0.5M sodium car-
bonate solution estimated from this result are only in the
range from 1013 to 1014 atoms.

The electrolysis was carried out galvanostatically for
7 to 30 days at a constant current ranging from 1 to 3 A.
Excess energy measurement was carried out simulta-

neously only in the case of the electrolysis conducted at
a current of 1 A. In this case, cell voltage and increments
of the electrolyte solution temperature were monitored
by a recorder. Before the electrolysis, the working elec-
trode was kept at a reversible hydrogen electrode poten-
tial by passage of hydrogen gas into the cell. During the
electrolysis, Milli-Q water was added every 24 h to keep
the total amount of solution constant.

In the present work, fine black porous precipitates
were observed at the bottom of the electrolytic cell when
electrolyzed at current densities of.200 mA0cm2. The
precipitates were collected and placed on either a nickel
or silver plate of;1 cm2. The constituting elements on
or in the electrode after the electrolysis and on or in the
precipitates produced simultaneously were identified by
means of Auger electron spectroscopy~AES!, electron
probe microanalysis~EPMA!, and secondary ion mass
spectrometry~SIMS!, and their isotopic compositions
were surveyed by means of SIMS. The AES measure-
ment was conducted with an ANELVA AAS-200 Auger
electron spectrometer with 3.0 keV of beam energy,
2.5 A of filament current, and 0.3% resolution. The SIMS
measurement was carried out up to mass number 210 by
O2

1 ion irradiation~100-nA primary ion current, 12-keV
accelerating voltage, and 500 resolution! with a Hitachi
IMA-3 ion microanalyzer. The precision of the measure-
ment of the isotopic composition was checked with a sam-
ple consisting of various kinds of oxides with natural
isotopic components and proved to be within60.5% for
208Pb,107Ag, 39K, 24Mg, 7Li, and61% for 56Fe and28Si.

Fig. 1. Relative concentrations of elements contained in a so-
dium carbonate solution used as electrolyte.
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The EPMA measurement was conducted using a Shi-
madzu EMX-SM~10.5-keV accelerating voltage, 100-nA
ion current, 400-mm beam diameter, and 20-eV resolu-
tion!.

In this study, the elements produced on or in the gold
electrodes and their isotopic compositions were investi-
gated with five electrode samples electrolyzed under dif-
ferent conditions as shown in Table I. The elements
constituting the precipitates were analyzed, and their iso-
topic compositions were surveyed with electrodes 4 and
5, several other electrodes electrolyzed at current densi-
ties of .500 mA0cm2, and several precipitates. Elec-
trode 1 is the same kind as that used for iron analysis in
previous studies.4–6The excess energy was measured with
10s electrodes in sodium sulfate and sodium carbonate
solutions.

III. RESULTS AND DISCUSSION

III.A. Analysis of Elements and
Their Isotopic Compositions

III.A.1. Analysis of Elements

A typical SIMS spectrum of an electrode after the
electrolysis in sodium carbonate solution at a current den-
sity of 500 mA0cm2 is shown in Fig. 2. In this spectrum,
signals of Li1, B1, Na1, Mg1, Al1, Si1, K1, Ca1, Sc1,
Ti1, Fe1, Ni1, Kr1, Hg1, Pb1, and rare-earth element ions
such as Sm1, Eu1, Dy1, Er1, Gd1, etc. are discernible.
The signals of mass numbers 82, 83, 84, and 86 can be
identified as the signals of Kr1 as will be shown later.
For the spectrum of mass number 32, signals of O2

1 and
S1 may overlap, and for the spectrum of mass numbers
from 63 through 66, two or three kinds among TiO1,
S2

1 , Cu1, and Zn1 signals are considered to be overlap-
ping, so the quantification of sulfur, copper, and zinc could
not be achieved by SIMS measurement, although some
considerable amounts of these elements are known to be

present from the analysis by AES and EPMA. The source
of krypton corresponding to the SIMS signals is quite
inconceivable in the present electrolysis condition.

The relative concentrations of the individual ele-
ments were approximately estimated from their SIMS sig-
nal intensities using the following equation:

Cion 5 r
Ii

Im
, ~1!

whereIi andIm are ion intensities of individual and total
elements, respectively, present in a matrix of SIMS, and
r is the relative sensitivity factor of the individual ele-
ments. In the present study,Im was taken as constant as a
rough approximation. The logarithms of the relative con-
centrations of elements present on or in the gold elec-
trodes after electrolysis in sodium carbonate solutions at
a current density of 500 mA0cm2, corresponding to a
depth of;0 to 180, 360 to 540, and 1080 to 1260 Å from
the electrode surface, are shown in Fig. 3. It can be seen
from this figure that the major elements are gold, hydro-
gen, carbon, oxygen, silicon, iron, krypton, and mercury.
Boron, sodium, magnesium, aluminum, potassium, cal-
cium, titanium, chromium, manganese, cobalt, nickel, rho-
dium, ruthenium, silver, palladium, tungsten, rhenium,
osmium, platinum, lead, and several rare-earth metal el-
ements are found to be present as minor elements. The
contents of mercury, iron, and nickel, the major product
elements, detected in the uppermost layers of the elec-
trode~0 to 180 Å! were 7.3, 5.2, and 0.4%, respectively,
which decreased linearly with increasing depth of the elec-
trode. As a result, these contents in the deepest layers
measured~2520 to 2700 Å! fell to 2.9, 1.9, and 0.1%,
respectively. The amounts of mercury, iron, and nickel
estimated from this result were 93 1016, 6 3 1016, and
5 3 1015 atoms, respectively, which are approximately
three orders of magnitude larger than the total amounts
of mercury, iron, and nickel contained in sodium carbon-
ate or sodium sulfate solutions as impurities. According
to the SIMS analysis of the electrode before the electrol-
ysis conducted previously,5 the amount of iron was nearly
two orders of magnitude smaller than that produced after
the electrolysis, and no mercury, nickel, or krypton was
detected. Therefore, we have no choice but to search other
sources for the formation of mercury, iron, and nickel
other than that due to the deposition of impurities.

It is surprising that the atomic concentration of kryp-
ton reaches approximately ten times that of gold. This
could mean that krypton was produced and stored in the
bulk of electrode material during the electrolysis, which
is partly diffused up to the outermost layer of the elec-
trode and then released continuously as Kr1 into the SIMS
matrix by the O2

1 irradiation during the SIMS analysis.
The absence of krypton in the electrode before the elec-
trolysis5 confirms this view.

The presence of mercury, iron, and silicon was again
confirmed by EPMA measurement. Figure 4 shows

TABLE I

Electrolysis Systems Used for Element Analysis
on or in the Electrode

Sample

Approximate
Electrode

Area
~cm2! Solution

Current
~A!

Electrolysis
Time
~days!

1 5 Na2SO4 1 7
2 2.5 Na2SO4 1 7
3 5 Na2SO4 1 7
4 2 Na2CO3 2 30
5 2 Na2CO3 3 20
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EPMA mapping images of the distribution of gold, mer-
cury, iron, and silicon present on the surface of the gold
electrode after the electrolysis in sodium carbonate so-
lution at a current density of 500 mA0cm2 ~No. 4!. Here,
the bright spots show the presence of the elements spec-
ified. The distributions of these elements are almost uni-
form in spite of the nonuniformity of the surface structure
of the gold electrode, as is shown later. The contents of
these atoms are in the order Si, Fe, Hg, being esti-
mated at;1 to 10% in view of the moderate sensitivity
of EPMA. This estimation is consistent with that by AES
and SIMS analyses.

III.A.2. Isotopic Composition

The isotopic composition of the major product
elements—mercury, nickel, iron, and krypton—showed
significant deviations from their natural values. Besides
these elements, various kinds of minor product elements—
osmium, rhenium, tungsten, ruthenium, and several rare-
earth elements—showed significant deviations. On the
other hand, lead, silver, and elements lighter than iron
scarcely showed such deviations. In what follows, we will
show the isotopic composition deviations for mercury,
nickel, iron, and krypton in detail.

III.A.2.a. Mercury.Figure 5 shows the isotopic com-
positions of mercury plotted against the depth from the
electrode surface for two electrodes~Nos. 4 and 5! after
electrolysis in sodium carbonate solutions. Figure 5 shows
that the deviations of the isotopic composition of mer-

cury from the natural values are clearly discernible, and
in both cases, there is a common characteristic in the
manner of the deviation; i.e.,200Hg is much higher than
its natural isotopic abundance level, while202Hg, the
maximal isotopic component in nature, is lowered sig-
nificantly. Thus200Hg is 36%~1800 to 2700 Å!to 28%
~0 to 180 Å! for electrode 4 and 55% for electrode 5,
becoming the maximal isotopic component. No notice-
able differences can be mentioned for other isotopes. In
several isotopes, the isotopic composition changes to some
extent with the depth of the electrode, but any common
tendencies are not perceived between electrodes 4 and 5.
The unequivocal deviation of the isotopic composition
of 200Hg and 202Hg from the natural one shown in this
figure indicates that mercury was produced by some nu-
clear transmutation reaction.

III.A.2.b. Nickel.The isotopic composition of nickel
detected on or in electrode 5 is shown in Fig. 6. The con-
tents of60Ni and61Ni increase significantly with increas-
ing depth of the electrode. On the other hand, the major
component in nature,58Ni, decreases. Note that the con-
tents of these isotopes are close to the natural isotopic
abundance in the outermost layers of the electrode. Ac-
cording to the result of the SIMS analysis, the amount of
nickel present on or in the electrode can be estimated at
;531015 atoms, which is much smaller than the amounts
of mercury and iron but much larger than the total amount
of nickel impurity in the solution~Fig. 1!. Therefore, it
would be natural to consider that nickel atoms detected here
are the product of some nuclear transmutation reaction.

Fig. 2. SIMS spectrum in the uppermost layers of the electrode after the electrolysis in Na2CO3 solution at 500 mA0cm2 ~No. 4!.
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III.A.2.c. Iron. As reported in previous papers,2,3

we have already observed an increase in the content of
57Fe for iron present on or in the gold electrode after elec-
trolysis in sodium sulfate solution at a current density
of 100 mA0cm2 ~No. 1!. The isotopic contents of iron
obtained for electrodes 2 through 5 are listed in Table II
together with that for electrode 1. Similar results were ob-
tained for electrodes 3 and 4. For electrodes 2 and 5, the
contents of57Fe are approximately half of those obtained
for electrodes 3 and 4. However, in every case, the con-
tents of57Fe exceeded by 4 to 13 times its natural isotopic
abundance.The contents of54Fe did not deviate much from
itsnatural value. In thiscontext, onecansee that the isotopic
deviation of iron observed in the present study well repro-
duces the result in the previous one. The degree of the iso-
topicdeviationof ironseems tobe independentof thenature
of the electrolyte used. The isotopic compositions of iron
are compared with the depth of the electrode for different
electrolysis conditions in Fig. 7~Nos. 2 and 4!. For elec-

trode 2, Fig. 7a, the distributions of54Fe, 56Fe, and57Fe
are nearly constant, independent of the depth from the
electrode surface. Essentially the same results were ob-
tained for electrodes 3 and 5. On the other hand, for elec-
trode 4, Fig. 7b, the content of57Fe is highest~56Fe,
lowest! at the outermost layers of the electrode. For elec-
trode 1,57Fe was lowest at the outermost layers.2,3

To check the possibility of the overlap of56FeH1 in
the 57Fe signals, the signal intensity ratios of mass 57 to
mass 56 and of mass 73 to mass 72, corresponding to the
signals of 57FeO1 and 56FeO1, are plotted against the
depth of the electrode for electrodes 2 and 4 in Fig. 8.
For electrode 4, Fig. 8b, the plots were limited within a
depth of 720 Å because of a large scattering of plots ow-
ing to the small signal intensities of mass numbers 72
and 73. These figures show that the plots of57Fe056Fe
and 57FeO056FeO are very close to each other. Hence,
we can regard the signals of mass 57 for electrodes 2 and
4 as the signals of57Fe1. From these results, there is no
doubt that;6 3 1016 atoms of iron with definitely dif-
ferent isotopic composition from natural values were pro-
duced by some nuclear transmutation reaction.

The amounts of excess energy evolved on 10s elec-
trodes in electrolysis at current densities of 100 to 200
mA0cm2 were in the range of 0.5 to 1 W. These values
coincide with those obtained in previous work.3 How-
ever, under electrolysis at.200 mA0cm2, where a con-
siderable amount of precipitates was produced, any linear
relationships between the excess energy and the amount
of produced iron, which were observed in electrolysis at
100 to 200 mA0cm2, were not observed. This result may
be acceptable in view of the production of considerable
amounts of mercury, nickel, and krypton and small
amounts of other various heavy metal elements in the
present electrolysis.

III.A.2.d. Krypton and Other Inert Gases.As seen
from Fig. 2, there are several noticeable signals in the
mass number region of krypton~82, 83, 84, and 86!. To
check whether they give the signals of Kr1 exclusively,
the variations of these signal intensities were plotted
against the depth of the electrode~Fig. 9!. As seen from
this figure, the intensities of these signals decreased nearly
in parallel with each other with increasing depth. This
indicates that the ion species giving these signals are iden-
tical, i.e., Kr1. Figure 10 shows the isotopic composition
of krypton on or in the electrode after electrolysis
~No. 5!. The isotopic composition of krypton is also quite
different from its natural one. The content of82Kr, 68%,
is remarkably higher than its natural value of 11.56%.
Other components are lower than their natural ones.

Other inert gases such as helium, neon, argon, and
xenon might have been produced through some nuclear
transmutation processes in view of the stability of these
nuclei. However, it is impossible to detect helium by SIMS
because of its extremely low sensitivity. Neon and argon
were not identified because of the overlap with Ca21 and

Fig. 3. Relative concentration of elements present on or in the
gold electrode after electrolysis in Na2CO3 solutions at
500 mA0cm2 ~No. 4!. The left, center, and right levels
of the individual bars correspond to the values of lay-
ers 1 through 180~outermost!, 360 through 540, and
1080 through 1260, respectively. The ordinate is given
in log units.
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Ca1 signals, respectively. The signal intensities corre-
sponding to xenon~mass numbers 129, 130, 131, 134,
and 136! were much weaker than those of krypton. This
result contrasts with that in heavy water electrolysis with

a palladium electrode,12,13 suggesting that the nuclear
transmutation reactions occurred on or in a gold elec-
trode are essentially different from those occurring on or
in the palladium electrode.

Fig. 4. EPMA images of~a! Au, ~b! Hg, ~c! Fe, and~d! Si on the electrode after the electrolysis in Na2CO3 solution at
500 mA0cm2 ~No. 4!. Wavelengths of the specific X ray are 1.276, 1.240, 1.937, and 7.126 Å for Au, Hg, Fe, and Si,
respectively. The SEM images in Fig. 18 correspond to the surface structure of the electrode.

~a! ~b!

Fig. 5. Isotopic compositions of Hg present on or in the electrodes after electrolysis in Na2CO3 at ~a! 500 mA0cm2 ~No. 4!and
~b! 750 mA0cm2 ~No. 5!:C 5 198Hg, d 5 199Hg, n 5 200Hg, m 5 201Hg, ▫ 5 202Hg, andn 5 204Hg. Broken lines show
natural isotopic abundance levels.
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III.A.2.e. Other Elements.Lead, silver, and elements
lighter than iron present on or in the electrode showed
the isotopic compositions close to their natural isotopic
abundance. The isotopic compositions of these elements
are listed in Table III together with their natural values.
This shows that these elements are mostly impurities. The
fact that there are no product elements from any nuclear
reaction in the elements lighter than iron inevitably leads
to the conclusion that mercury, krypton, nickel, iron, and
other heavy metal elements with anomalous isotopic com-
positions are not produced by any nuclear fusion reac-
tion starting from the interaction among hydrogen and
hydrogen, hydrogen and deuterium, deuterium or hydro-
gen and tritium, etc., proposed so far, but they are pro-
duced by some nuclear interactions of a completely
different type associated with heavy elements. It would
be most reasonable to consider that the starting elements

are hydrogen~or proton! and gold of the electrode ma-
terial, which has already been proposed by Miley and Pat-
terson,8 Miley et al.,9 and ourselves.4–6

In every electrode small amounts of lead and tita-
nium were detected. The amounts of lead and titanium
were estimated at; 1

500
_ of the amount of gold, which,

however, seems to be too high to be regarded as impuri-
ties coming from the electrolyte because both elements
were contained only slightly in sodium sulfate and so-
dium carbonate solutions~Fig. 1!. Hence, one can con-
sider that lead and titanium are also produced by some
nuclear transmutation reaction. As will be discussed in
Sec. III.B, it could be assumed that titanium is produced
in the form of halo atoms as an intermediate species to
produce iron.

Fig. 6. Isotopic composition of Ni present on or in the elec-
trode after electrolysis in Na2CO3 at 750 mA0cm2

~No. 5!:C 5 58Ni, d 5 60Ni, and n 5 61Ni.

TABLE II

Isotopic Contents of Fe Produced in Various
Electrolysis Systems

Isotopic Content~%!

Sample

Total Ion
Intensity
~count! 54Fe 56Fe 57Fe

1 17 205 3.2 74.7 22.0
2 619 950 5.6 84.7 9.6
3 192 134 3.7 67.4 28.9
4 1 254 164 7.0 67.6 25.3
5 141 211 6.6 84.1 9.2

Natural value 5.82 91.66 2.19

~a!

~b!

Fig. 7. Isotopic composition of Fe present on or in the elec-
trode after electrolysis in~a! Na2SO4 at 200 mA0cm2

~No. 2!and~b! Na2CO3 at 500 mA0cm2 ~No. 4!;C 5
54Fe,d 5 56Fe, andn 5 57Fe.
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III.B. Precipitates

A considerable amount of fine black precipitates was
found to be produced at the bottom of the electrolytic
cell when electrolysis was carried out in sodium sulfate
or sodium carbonate solution at current densities of.200
mA0cm2. In most cases, the precipitates began to appear
2 to 3 days after the electrolysis and gradually increased.
The yield of the precipitates is in the range from 0.1 to
1 mg and seems to be different, depending on a slight
difference in the manner of the surface pretreatment of
the electrode. The appearance of the precipitates and their
scanning electron microscopy~SEM! image are shown

in Fig. 11. To all appearances, the precipitates look like
fine black powder, but, in fact, they are very porous and
have a number of fine porosities as shown in Fig. 11b.

Figure 12 shows AES spectra of the outermost layer
of the precipitates obtained after electrolysis in sodium
carbonate solution at a current density of 500 mA0cm2.
A mercury signal is visible together with platinum and
gold ones. However, in the bulk of the precipitates the
mercury signal disappears. Such a mercury signal was
also observed in the precipitates obtained by electrolysis
in sodium sulfate solutions.

Typical EPMA images of the precipitates obtained
by electrolysis in sodium sulfate solution for 30 days at a
current density of 750 mA0cm2 ~sample 5! are shown in
Fig. 13. In this case, fairly clear mercury, platinum, and

Fig. 8. Signal intensity ratio of mass number 57 to mass number 56~C! and of mass number 72 to mass number 73~d!:
~a! Na2SO4 at 200 mA0cm2 ~No. 2! and~b! Na2CO3 at 500 mA0cm2 ~No. 4!.

Fig. 9. Variation of signal intensities of mass numbers 82, 83,
84, and 86 corresponding to Kr against the depth of the
electrode after electrolysis in Na2CO3 at 500 mA0cm2

~No. 4!;C 5 82, d 5 83, n 5 84, andm 5 86.

Fig. 10. Isotopic composition of Kr on or in the electrode after
electrolysis in Na2CO3 at 750 mA0cm2 ~No. 5!. Sym-
bols correspond to those in Fig. 9.
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osmium images were observed together with the stron-
gest gold image. Iron image was also observed, although
it was weaker than those of the other elements. The fact
that the chief component of the precipitates was gold in-
dicates that the precipitates were separated from the gold
electrode.

The isotopic composition of iron and mercury in the
precipitates obtained by electrolysis in sodium carbon-
ate solution at a current density of 500 mA0cm2 is shown
in Figs. 14 and 15, respectively. For both elements, the
isotopic distribution profiles are qualitatively like those
contained on or in the gold electrode after electrolysis
~Figs. 4 and 6!. However, the content of57Fe in iron con-
tained in the precipitates is much greater than that con-
tained on or in the electrode, exceeding 50% at the
outermost layers of the precipitates.

Silicon and magnesium in the precipitates, different
from those on or in the electrode, showed an interesting
isotopic deviation. Thus, the isotopic composition of sil-

icon in the precipitates, which is obtained by electrolysis
at a current density of,500 mA0cm2, is very close to
the natural one, but it begins to deviate when electro-
lyzed at.500 mA0cm2 and the extent increases with in-
creasing current density. As a result, when electrolyzed
at 1 A0cm2, the content of28Si fell to 58%, whereas29Si
and 30Si rose to 25 and 17%, respectively, at the outer-
most layers of the electrode in sodium carbonate solu-
tion, as shown in Fig. 16. Similar results were obtained
in the sodium sulfate solution. The content of silicon in
the precipitates also increased significantly with increas-
ing current density. Similar results were observed for mag-
nesium. For magnesium, the extent of the deviation was
much smaller than silicon in most cases. However, fairly
large deviations were observed in a few samples. A typ-
ical example is shown in Fig. 17. These results show that
the nuclear transmutation reaction to produce silicon and
magnesium begins only under extremely strong electrol-
ysis conditions.

TABLE III

Isotopic Contents of the Light Elements Present on the Surface of Various Electrodes After Electrolysis*

Isotopic Content~%!

Element Sample 1 Sample 2 Sample 3 Sample 4 Sample 5

Natural
Isotopic

Abundance
~%!

6Li 8.3 8.1 7.9 7.4 7.4
7Li 91.7 91.9 92.1 92.6 92.6

10B 22.0 21.0 21.2 21.7 21.0 19.2
11B 78.0 79.0 78.8 78.3 79.0 80.8
24Mg 77.6 75.1 77.8 75.7 77.0 78.6
25Mg 10.9 12.1 10.7 11.8 11.0 10.1
26Mg 11.5 12.9 11.5 12.5 12.1 11.2
28Si 89.8 90.5 90.6 89.5 90.1 92.2
29Si 5.6 5.8 5.8 6.5 6.1 4.7
30Si 4.6 3.7 3.5 4.0 3.8 3.1
39K 93.2 89.6 83.1 89.0 90.3 93.1
41K 6.8 10.4 16.9 11.0 9.7 6.9
40Ca 96.3 95.4 95.9 95.4 94.7 96.9
42Ca 0.7 1.5 1.2 1.5 2.2 0.6
47Ti 7.5 8.9 8.7 9.7 8.6 7.5
48Ti 74.1 70.4 71.2 69.5 70.7 74.0
49Ti 5.2 6.4 6.2 6.3 6.3 5.5
50Ti 5.1 6.3 5.9 6.5 6.2 5.3
52Cr 83.2 79.6 77.5 80.1 81.1 83.8
53Cr 9.8 13.7 15.8 13.2 12.1 9.6

206Pb 25.7 27.8 25
207Pb 22.8 22.6 22
208Pb 50.0 48.1 52

*In these calculations, the contents of46Ti, 50Cr, and54Cr are taken to be equivalent to the natural values because estimation is
impossible due to their overlapping with23Na2

1 , 50Ti1, and54Fe1, respectively.
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III.C. Surface Structure of the Electrode
After the Electrolysis

The electrode surface after electrolysis at current den-
sities of.200 mA0cm2 exhibits a very anomalous struc-
ture. Figure 18 shows the typical SEM images of the
electrode surface before and after electrolysis in sodium
carbonate solution at 500 mA0cm2 for 30 days. Many
stripes, microholes, and cracks are seen on the surface of
the electrode before electrolysis, which are caused by
scraping with a glass fragment~Fig. 18a!. To our sur-
prise, a number of craters with various sizes developed
along the stripes on the electrode surface after electrol-
ysis~Figs. 18d and 18e!. Each crater has a deep hole and
very developed rim, reminding us of a volcano. The larg-

est crater is;20 mm in diameter and 30mm high
~Figs. 18b and 18c!. From the appearance of these cra-
ters, one can imagine that some microexplosion oc-
curred at those places and as a result, distinct craters
developed just as in volcanoes. The outside wall of the
craters consists of a fine porous substance, the surface of
which is very like that of the precipitates. As mentioned
already, the major constituent element of the precipitates
is gold. Therefore, these is no doubt that these precipi-
tates spewed out from these craters like volcanic ashes
as a result of some microexplosion probably caused by
some nuclear transmutation reactions.

The inside wall of the craters consists of at least three
kinds of layers as observed in the magnified picture of
the inner part of the crater~Fig. 18f!. At the bottom the
wall is made of relatively large crystallite on the order
of several microns. At the intermediate part, the wall con-
sists of more fine crystallite on the order of several hun-
dred nanometres. The magnified picture of this layer
shows that these crystallites have a hexagonal or rhom-
bic shape assignable to Au~111! ~Fig. 18g!. On the out-
side, the wall consists of very fine crystallites of
,30 nm ~Fig. 18h!. These crystallites also appear hex-
agonal, although the outline of these crystallites is not
necessarily clear. Hence, these crystallites may be pro-
duced by the reconstruction of gold polycrystals of the
electrode material owing to the intense heat evolved
locally as a result of the microexplosion. Figure 19 shows
the SEM images of the initial stages of the development
of the craters. From this figure, we can clearly see that

Fig. 11. ~a! Precipitates placed on a Ni plate~dark part on the
right side! and~b! their SEM image~330000!.

Fig. 12. Typical AES spectra of the electrode after electrolysis
in K2CO3 at 500 mA0cm2 ~No. 4!, the outermost layer,
and the layer exposed after sputtering 5 min.
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process. First, fine crystallites such as that shown in
Fig. 18h form along the rim of the microholes and cracks
~Fig. 19a!, which pile up in a circular fashion~Fig. 19b!,
and thus the foundation of the craters is complete
~Fig. 19c!.

The transmutation reaction is expected to occur at
the wall of the microholes and microcracks present on
the electrode before electrolysis. Because of the nuclear
transmutation reaction, infinitesimal gold particles are
spewed out of the craters with intense heat evolution, re-
crystallizing and forming fine hexagonal crystallites. Thus,
the craters are thought to develop while creating the hex-

agonal or rhombic crystallite wall around the reaction
zone.

So far, two reports have been published on the mi-
crocrater formation related to the nuclear reaction. Nu-
mata et al.14 found a craterlike structure on a palladium
electrode after electrolysis in a LiOD heavy water
solution, which is very like that shown in Fig. 19. Mat-
sumoto15 reported the microcrater formation on a
nickel electrode in potassium carbonate solution. How-
ever, when we inspected the figure containing the cra-
ters he obtained, there was no similarity of shape and
constitution to the craters we obtained. In Ref. 15 there

Fig. 13. The SEM and EPMA images of Au, Hg, Pt, Os, and Fe on the precipitates obtained after electrolysis in K2CO3 solution
at 750 mA0cm2 ~No. 5!: ~a! SEM image~3476!and~b! through~f ! EPMA images of Au, Hg, Pt, Os, and Fe, respec-
tively. Wavelengths of the specific X rays are 1.276, 1.240, 1.313, 3.6753, and 7.126 Å for Au, Hg, Pt, Os, and Fe,
respectively.
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is little other unambiguous evidence to support the
occurrence of some nuclear reaction; hence, it remains
uncertain whether these craters were formed by a nu-
clear reaction.

III.D. Possible Transmutation Reactions

The major elements with anomalous isotopic com-
position present on or in the gold electrode and the pre-

cipitates were mercury, krypton, nickel, iron, and,
occasionally, silicon and magnesium. In addition, os-
mium, tungsten, rhenium, and some rare-earth elements
were found as minor products in the precipitates. In the
mass number range less than iron, no anomalous ele-
ments were found on or in the electrode after the elec-
trolysis and precipitates, although considerable amounts
of anomalous silicon and magnesium were found in the
precipitates produced under an extremely strong electrol-
ysis condition. Therefore, all of the transmutation reac-
tions that occurred in the present electrolysis are
considered to have been initiated by the interaction be-
tween hydrogen or proton and gold of the electrode ma-
terial. The gold-hydrogen~or gold-proton! complex thus

Fig. 14. Isotopic composition of Fe in the precipitates after elec-
trolysis in Na2CO3 at 500 mA0cm2: C 5 54Fe, d 5
55Fe, andn 5 57Fe.

Fig. 15. Isotopic composition of Hg in the precipitates after
electrolysis in Na2CO3 at 500 mA0cm2: C 5 199Hg,
d 5 200Hg, n 5 201Hg, m 5 202Hg, and▫ 5 204Hg. In
this calculation, the content of198Hg was taken to be
equal to natural isotopic abundance because the over-
lapping with198Pt was not neglected in this case.

Fig. 16. Isotopic composition of Si in the precipitates after elec-
trolysis in Na2CO3 at 1 A0cm2: C 5 28Si, d 5 29Si,
andn 5 30Si.

Fig. 17. Isotopic composition of Mg in the precipitates after
electrolysis in Na2CO3 at 1 A0cm2: C 5 24Mg, d 5
25Mg, andn 5 26Mg.
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produced,197Au-nH ~or 197Au-np!, would be immedi-
ately converted into mercury on the one hand or into a
little lighter elements like osmium, rhenium, etc., by some
fission reactions on the other. From this point of view,
we can assume the following reaction schemes:

197Au 1 nH r 197Au-nH , ~2!
197Au-nH r 1971nHg 1 nb2 , ~3!
197Au-nH r 1891nRe1 24He , ~4!

r 1891nOs1 b 2 . ~5!

The production of Kr, Ni, and Fe is also considered
to be caused by some fission reactions starting from

Fig. 18. The SEM images of the craters developed during elec-
trolysis in Na2CO3 at 500 mA0cm2 ~No. 4!: ~a! elec-
trode surface before electrolysis,~b! through ~e!
appearance of the craters and their distribution con-
ditions, and~f !, ~g!, and ~h! structures of the inner
part of the crater. Magnifying powers of the individ-
ual pictures are shown at the bottom of the pictures.

Fig. 19. The SEM images of the initial stage of crater devel-
opment obtained by electrolysis in Na2SO4 for
30 days at 200 mA0cm2.
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197Au-nH. Some examples of the assumable reactions are
as follows:

197Au-H r 86Br 1 256Ti

r 86Kr 1 256Fe1 9b 2 , ~6!
197Au-2H r 86Br 1 56Ti 1 57Ti

r 86Kr 1 56Fe1 57Fe1 9b 2 , ~7!
197Au-2H r 84Br 1 57Ti 1 58Ti

r 84Kr 1 57Fe1 58Ni 1 11b2 , ~8!

and

197Au-4H r 82Br 1 59Ti 1 60Ti

r 82Kr 1 59Co1 60Ni 1 12b 2 , ~9!

where 56–60Ti atoms can be regarded as a kind of halo
atom with one or several neutrons present in orbit~the
same concept as an electron orbit!, which has been con-
firmed for several light elements in the past decade.16

These atoms are very unstable and immediately disinte-
grate to produce stable iron, nickel, and cobalt. A part of
the halo titanium produced would release neutrons to form
stable titanium atoms, which were detected in every elec-
trode after the electrolysis and in every precipitate. In
fact, for titanium present on or in the electrode after the
electrolysis, a slight nonnegligible isotopic deviation from
the natural value is visible in Table III, which may be
caused by this reaction. Inside the craters the halo tita-
nium atoms produced by the electrolysis at an extremely
high current density would further disintegrate to pro-
duce silicon and magnesium, for example, by the follow-
ing reactions:

56Ti r 30Si 1 26Mg 1 4b 2 , ~10!
54Ti r 29Si 1 25Mg 1 4b 2 , ~11!
56Ti r 228Al 1 4b 2

r 228Si 1 2b2 , ~12!
57Ti r 28Al 1 29Al 1 4b 2

r 28Si 1 29Si 1 2b 2 , ~13!

and

58Ti r 229Si 1 6b 2 . ~14!

The possibility of the production of lead starting from
197Au-nH would not be neglected even if the isotopic com-
position of lead is close to the natural value. The trans-
mutation reactions to produce heavier elements than gold
would be endothermic. Hence, the production of mer-
cury and lead indicates that both exothermic and endo-
thermic processes are involved in the transmutation
reactions that occurred in the present electrolysis. In heavy
water electrolysis using palladium electrodes, we found
the production of several elements heavier than palla-
dium with anomalous isotopic compositions even for an
electrode that exhibited no excess heat evolution.12,13Such

a phenomenon would result in the compensation of the
positive and negative heats caused by several exother-
mic and endothermic transmutation reactions. The pos-
sibility of this type of compensation effect was offered
by Miley and Patterson8 and Miley et al.9

The idea that elements heavier than tritium are in-
volved directly in a cold nuclear reaction was first pro-
posed by Bush.17 He claimed to detect calcium and
strontium in potassium carbonate and rubidium carbon-
ate solutions, respectively, after light water electrolysis
with nickel electrodes.17,18 On the basis of these results,
he proposed new types of fusion reactions involving al-
kali metal and hydrogen atoms. However, in the present
study, an indication of the occurrence of the reaction
23Na1 H r 24Mg was not obtained.

The concept that hydrogen atoms or protons interact
with gold atoms to induce the aforementioned transmu-
tation reactions is quite specific, but it is becoming cur-
rent in the field of cold nuclear reaction. A trial of the
theoretical interpretation of a nuclear transmutation re-
action of this type has started.19 Our results show that the
manner of the occurrence of the nuclear transmutations
depends on the electrolysis condition. In low current den-
sities of,200 mA0cm2, the product is exclusively iron.
In current densities ranging from 300 to 750 mA0cm2,
mercury, krypton, nickel, and small amounts of various
kinds of heavy metal elements are produced besides iron.
In extremely high current densities.1 A0cm2, silicon
and magnesium are produced in addition to the preced-
ing elements. Such characteristics of nuclear transmuta-
tion should be responsible for the concentration of
hydrogen atom or proton and electrode potential. The hy-
drogen atom concentration is controlled by hydrogen over-
potential. Therefore, electrode potential and hydrogen
overpotential are major factors to control nuclear trans-
mutation reactions.

It is known that a small fraction of extremely active
hydrogen adsorbable sites, 0.03 to 0.04, occur on poly-
crystalline gold surfaces20,21on which the hydrogen evo-
lution reaction occurs exclusively at a rate near that on
platinum by a slow recombination mechanism.22–24This
may mean that these sites are extraordinarily active for
the hydrogen evolution reaction. Perhaps such sites are
concentrated at the microcracks and holes, where lattice
defects should be distributed at extremely high density.
Therefore, it is expected that high hydrogen loading and
an extremely strong electric field would be achieved at
that place. The strong negative charge may further con-
centrate protons. In addition, it might be feasible that a
small fraction of protons accepted electrons by the dis-
charge under such a strong electric field happen to have
a chance to convert into low kinetic energy neutrons:

H1 1 er n . ~15!

In such a circumstance, the conditions that could drive
the aforementioned nuclear transmutation reactions could
arise at any moment.
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IV. SUMMARY AND CONCLUSIONS

In the present work we found the production of var-
ious kinds of elements with anomalous isotopic compo-
sitions on or in gold electrodes after electrolysis. The
major elements were mercury, krypton, nickel, and iron.
When electrolyzing at current densities of.200 mA0
cm2, fine porous precipitates were formed at the bottom
of the electrolytic cell separated from the gold electrode.
In the precipitates obtained at an extremely high current
density, considerable amounts of silicon and magnesium
with anomalous isotopic compositions were detected to-
gether with the aforementioned elements. The fact that a
definite isotopic deviation occurred in several elements
produced after the electrolysis indicates the occurrence
of nuclear transmutations during the electrolysis.

In addition, a number of microcraters developed along
the rim of the microcracks and microholes on the elec-
trode surface during electrolysis. In view of the presence
of hexagonal and rhombic crystallite layers on the inside
wall of the craters, it is thought that very intense heat
was produced in those places. The structure of the pre-
cipitates was very like that of the outside wall. This shows
that the nuclear transmutation reactions took place in the
cracks and holes, where the craters developed and the
precipitates spewed out like volcanic ash. Therefore, lat-
tice defects that should be concentrated at the cracks and
holes are considered to play an important role in the nu-
clear transmutation reaction.

In electrolysis without extremely high current den-
sity, no anomalous elements lighter than iron were de-
tected. Hence, we conclude that the nuclear transmutation
reaction is initiated by the interaction between hydrogen
atoms or protons and gold atoms of the electrode mate-
rial. The production of mercury and lead shows that some
endothermic processes may be involved in the transmu-
tation reactions occurring in light water electrolysis with
gold electrodes.
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