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ABSTRACT
Past work in this laboratory has shown that nuclear particles generated during
electrolysis can be registered by CR39 plastic detectors held within the electrolyte
solution, suspended in the vapor above the solution, or placed just below the
metal cathode that serves as the bottom of the electrolyte compartment of the
electrolysis cell. However, not every electrolysis experiment produced nuclear
particles so that total reproducibility was not achieved. Therefore another
experimental technique has been developed which has shown the generation of
nuclear particles in each of twenty five consecutive electrolysis experiments using
heavy or light water solutions of lithium salts. The damage trails caused by the
nuclear particles are made visible by etching in hot concentrated caustic solution,
and the electrolysis experiments are accompanied by suitable blank, or control,
experiments. The damage trails begin either at the surface of the CR39 chip that
faces toward the electrolyte, at the opposite surface, or totally within the 0.83 mm
thickness of the plastic detectors. It is demonstrated that the nuclear damage trails
could not have been caused by ordinary radionuclides contaminating anything
involved in the experimental procedure. The described phenomena pose a
formidable challenge to nuclear theory.

1. INTRODUCTION
Energetic charged particles and very energetic neutrons can be detected and recorded by a high

polymeric material called CR39, and its use is well known in the nuclear community [1]. Upon
entering the plastic, a nuclear particle leaves a trail of disrupted chemical bonds which are more
easily chemically attacked than those in undamaged material. The pit that results from etching by
concentrated alkali solution is unambiguous evidence that a nuclear reaction has occurred
because the energies required for such damage are much larger than can be provided by chemical
reactions.

The integrating character and the relative simplicity of this technique have led the writer to use
it within electrolysis cells. Control, or blank, experiments are necessary because radon in the air
can produce etchable damage trails in CR39 detectors. Past work with this method in this
laboratory has included immersion of CR39 chips in electrolyte solution, suspension of the chips
in the vapor above the solution, and placement of chips in air just below the metal plate that
serves both as cathode and as the bottom of the electrolyte compartment, with each of these
configurations maintained during electrolysis. The count of nuclear tracks (pits) on the detector
chips used in the electrolyses and the pit counts on chips used as controls can be used to calculate
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Figure 1. The electrolysis cell. The cathode assembly can be gently slid up and down to contact the Mylar film
lying upon the detector chip.

The current to the S-cell was supplied and controlled by a potentiostat, and that to the B-cell
by a constant-current power supply. To begin an experiment a square piece of CR39 is cut from
the sheet from the manufacturer, a small hole is drilled at a corner of the detector chip to
accommodate a nickel wire for the subsequent suspension of the chip, and an identification
symbol is inscribed at another corner. The surface upon which the identifier is scratched is
referred to as the front surface and is the surface upon which the Mylar foil is laid after the
manufacturer-supplied blue protective film is removed. After the detector with the overlying
Mylar film is clamped in the o-ring joint about 10 ml of electrolyte solution are poured into the
cell and the electrode assembly is put in place. The cathode is then carefully lowered by sliding
the supporting titanium rod within the supporting glass tube until the W-shaped foot of the
cathode rests upon the Mylar film. Electrolysis is then started and the current is either kept
constant for the entire duration of the electrolysis, or is increased once a day. The electrolyte
employed was usually of distilled H2O with 0.022 g Li2SO4 per ml. To provide a comparison
with the results of the SPAWAR team the first two experiments were done with silver cathodes
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in electrolyte of D2O with LiCl plus PdCl2. Water was not added during the electrolysis to
compensate for the loss due to dissociation. Four days of electrolysis was the usual duration,
after which the cell was disassembled and the detector chip removed and washed. There was
never any trace of pitting or abrasion on the detector chip before etching. Stirred sodium
hydroxide solution of 6.5 M initial concentration was used as the etchant for various etching
times at temperatures of 70°C or higher. This was followed by examination at 100X and 500X,
applying experience gained from examining pits produced by exposure of CR39 to 241Am and to
pitchblende to distinguish nuclear pits from artifacts caused by manufacturing defects in the
detector plastic. The nuclear pits were counted on the surface of the detector chip overlain by the
Mylar foil (the front surface) as well as on the opposite surface (the rear surface). The pits were
counted only within the area bounded by the outer perimeter of the o-ring, an area amounting to
4.5 cm2. This procedure avoided the counting of tracks that may have been caused by air-borne
radon during the duration of electrolysis.

Because it was found that nuclear pits are produced on both sides of the detector chips, the
possibility was investigated that nuclear tracks can be produced wholly within the thickness of
the detector, i.e., that damage trails begin within the interior of the plastic. After completion of
the electrolyses the chips were etched and examined at 100X magnification and the etch pits
were counted. A second etching and microscopic examination were then carried out in which the
etch pits were again counted. In a few experiments some ten markings were scratched on the
front surfaces of the detector chips after the first etch, and the marked regions were photographed
under the microscope. After the second etching exactly the same marked regions were again
photographed. Efforts were made to protect the chips from exposure to air as much as possible
during the entire course of the experiment. Between etchings the chips were kept tightly wrapped
in aluminum foil.

3. CONTROLS AND POSSIBLE ARTIFACTS
Control experiments of four kinds were carried out to account for the nuclear tracks already

present in the detectors as received from the supplier, as well as those produced during the entire
experimental process by radon in the air, in the electrolyte, in the etching solution, and in the
wash water. The control detector chips were handled in exactly the same way as were the
experimental chips except that instead of being used in electrolysis they were either wrapped in
Mylar film, immersed in stock electrolyte solution, pressed against as-received o-rings, or
mounted in a newly constructed cell fitted with unused electrodes, electrolyte, Mylar film and
stoppers, but in the absence of electrolysis. In each instance the same length of time as the
electrolysis experiment was used. The results for the controls are presented in Table I. The
number density of tracks in the as-received detector sheet varies from one shipment to another,
and is not a constant for any one sheet. Therefore, it is appropriate to compare an experimental
value of track number density with the mean value for the controls with due regard for the range
of values for the controls. Electrolysis causes bubble generation which in turn causes convection
currents that may bring daughter products from radon into close proximity to the CR39 detector,
causing a larger number of etch pits than found in CR39 chips immersed in quiescent electrolyte
solution. This possibility was examined by injecting bubbles of H2 or D2 gas through a fritted
glass sparger into H2O/Li2SO4 solutions containing CR39 chips for periods of times of three or
four days. After etching it was found that the chips did not display any statistically significant
difference from the results obtained with quiescent electrolyte solution shown in Table I.
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much darker appearance of the latter in the microscope when illuminated from above. Features
whose identity remains ambiguous were not counted as nuclear pits. Scratches and other
mechanical insults to the detector chips can also produce ambiguities. This problem was
examined by a series of experiments in which various mechanical forces were applied to chips,
followed by etching and examination. Light scratching produces linear arrays of pits, usually of
uniform diameter. For this reason pits in linear arrays were never counted as nuclear pits. Etch
pits are not produced by hard pushes against the chip surface with the point of metal tweezers or
with the handle of an Exacta knife. On the other hand, a push with the point on the Exacta blade
produces a very dark etch pit. Rubbing with a plastic rod has no effect, but rubbing with a metal
spatula leaves a faint trace; and rubbing with the point of tweezers produces an etchable trail.
Grasping a detector chip with metal tweezers using considerable force does not produce any
effects. This is fortunate because the chips are manipulated with tweezers.

4. RESULTS AND DISCUSSION
The primary purpose of the first series of experiments was to establish whether or not the

present technique repeatedly produces evidence that a nuclear reaction can accompany
electrolysis. Table II displays the results of 25 consecutive experiments in which the counts of
nuclear tracks, either on the front or on the rear surfaces or on both surfaces, are always
considerably greater than those for the controls (Table I). Hence it can be concluded that the
present technique has consistently produced evidence that a nuclear reaction of some sort has
been generated in the course of electrolysis. It is significant that the generation of nuclear tracks
is not limited to the use of one electrolyte composition, to one kind of cathode metal, or to one
value of electrolysis current. The control experiments with CR39 chips immersed in quiescent
electrolyte solution (Table I) and in stock solution stirred by hydrogen bubble injection have
demonstrated that the results shown in Table II for track number density on the front surfaces of
the chips can not have been produced by radioactive contaminants distributed throughout the
volume of the electrolyte.

The experimental results listed in Table II indicate instances of nuclear tracks developing on
both sides of the detector chips that had been mounted in the operating electrolysis cell. Indeed,
often the track number density on the rear surface is larger than that on the surface that faced
toward the electrolyte. This is significant because it is further evidence that ordinary
radionuclides contaminating the electrolyte could not have been responsible for the observed
tracks. Charged particles that caused the tracks on the rear surfaces could not have been
generated on the electrolysis side because the 0.83 mm thickness is much too large to be
traversed by nuclear particles with energies of 15 MeV or less.
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TABLE II. Summary of Consecutive Electrolysis Experiments. The first 11 experiments were
done with the detector chips cut from the first CR39 sheet (see Table I), all of the rest were done
with a second sheet.

Tracks/cm2

Experiment Cell
Current
(mA)

Duration
(hours) Front Rear

1a S 0.2-25 168 284 150

2a S 0.1-45 120 156c 160
3b S 12-100 102 — —
4 S 70-143 67 352 16
5 S 30-95 96 393c 498c

6 S 50 97 76 74
7 S 5-50 96.5 71c 96
8 S 10-100 94 80 70c

9 S 300 65 d d
10 B 10, 25 98 98 40e

11 S 12, 28 97 229c 48e

12 S 20 95 38e 167e, 163e

13 B 27 95 193e 298
14 S 20 94 11 81c

15 B 19 94 195 49c,f

16 S 40 94 36e 9c, 103
17 B 39 94 127 9c, 32f

18 S 60 93 28 102c

19 B 60 93 47 35f

20 S 80 117 72c 41c

21 B 80 117 60c 132c

22 S 100 93 426 207
23 B 101 93 62 51f

24 S 50 96 102 38f

25 B 50 96 26 344f

a. The electrolyte in these two experiments was LiCl plus PdCl. in D2O with Ag as cathode
material. For all other experiments Li2SO4 in H2O with Ni as cathode was employed.

b. In experiment 3, the detector chip was lost before a careful count of the clearly large
number of tracks could be made.

c. Some of the tracks appear in clusters.
d. The number of tracks was so great that counting was impractical.
e. The blue protective film supplied by the manufacturer was kept on the detector chip; in

exps. 12, 16, and 17, only one-half of the detector surface was kept covered by the film.
f. D2O was maintained within the closed air space below the detector chip.

It is interesting that the nuclear pits are distributed bimodally, both as individual randomly
distributed pits and as dense groups or clusters that are surrounded by areas relatively devoid of




