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Abstract: This work reported evidences of Cs to Ba transmutation in the presence of hydride compounds. Experiments identified

that the concentration and isotope ratio were changed after reaction of Cs salt with hydride at room temperature. In addition, we

confirmed that these phenomena are closely related to Ru catalytic role. Those results imply that some of barium isotope in na-

ture might originate from an unknown low-energy nuclear reaction between Cs and hydride under very mild conditions.
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The origin of the elements in the universe is one of
the most basic scientific questions. According to our
current knowledge, the universe originated from the
Big Bang, which created some light elements, such as
hydrogen, helium, and a very small amount of lithium
within very short time of this incredible process'' ™.
After then, more than 80 elements are generated via a
series of complicated nuclear reactions under very

31 Radioactive decay or natural nu-

harsh conditions
clear reaction might also lead to formation of some ele-
ments or their isotopes, such as U to Pd"™™® . It is
known that the *Ar and small amount of radio nuclides
“C are formed by constantly bombing under the high
energy cosmic rays in the Earth’ s atmosphere ™. Of
course, we can produce some of element else from tar-
get element by high energy neutron and proton bombing

[7-10]

typically in accelerators or Tokamak However,

there are some mysterious questions related to the ele-
ment abundance in our universe, for example, current

understanding can not account for measured excess he-

[11]

lium element abundance in our universe' . Scientists

found that there were excess ratios of *He and “He in-

[12]

submarine hydrothermal water' ~'. The investigation of

energy balance of Jupiter also seems indicate the possi-
bility of low energy fusion reaction there' "',

It is well known that one element or its isotope can
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be converted into another element or isotope by nuclear
transmutation . In 1919, Rutherford reported the
first artificial transmutation from nitrogen into oxygen
by alpha particle bombing' "> Tn 1932, John Cockeroft
and Ernest Walton fulfilled an artificial nuclear reaction
by "Li bombing with accelerated protons to split the Li
nucleus into two alpha particles'® . In 1938, Otto Hahn
et al. discovered artificial heavy element transmutation ,
T Au+n—"" Au, finally—"*Ti and®*Pb'. In fact,
scientists found that transmutation can be induced in
“mild” reactive systems, like in metabolism processes

190 in which some el-

of vegetal and animal organisms
emental atoms are transmuted into the different ones
while discharging energy slowly. Kervran et al. investi-
gated potassium and calcium content variation during
the growth of 840 seeds and 403 sprouts in biological
systems, and found potassium may transmute into cal-
cium during the process of seeds growing, K + 'p =
“Ca +E'"7". Some other elemental transmutations were
also reported, such as sodium to magnesium (7 Na +
n—3Na* — Mg + e + v,” ) and manganese to
iron(32Mn + n — XMn % — XFe + e + v, * )",
Those investigations imply that the elemental transmu-
tation is essential to maintain a balance of certain ele-

ments in the biological bodies. Later on, much more

reports of element transmutation by chemical or physi-
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cal was appeared, for instance, the so-called cold fu-
sion experiments which was done by Fleischmann and
Pons, in which they found that trace amount of He
could be produced by electrochemical method under
normal conditions while excess heat was generated' .

We previously reported that deuterium and helium
were generated from protons by low energy nuclear reac-

19230 and the transmutation of

tion under light irradiation
potassium element to calcium during photochemical re-
action of hydrogen evolution (HER) in the presence of
hydride (negative hydrogen ions—H", which is offered
by negative hydrogen compounds such as NaBH,,
LiBH, and NH,BH,"* ). Potassium was chosen as the
target transmutation element because of the essential
roles of potassium and calcium in biological bodies.

In this work, we found interesting results about
the concentration variation of Ba isotopes in the pres-
ence of hydride and CsCl. Experimental results showed
that the significant concentration and ratio variation of
0B, 2Ba. ™Ba, Ba, "Ba, Ba and "*Ba iso-
topes after very short time reaction. Especially, the
changes of "*Ba and 'Ba concentration are remarka-
ble compared with other isotopes. These results are ex-
tremely meaningful for understanding the elements evo-
lution on the Earth, as well as providing new way to

looking into the low energy nuclear reaction.

1 Experimental details

All chemicals were purchased and used without
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further purification, NaBH, ( Shanghai Guangming
Chemical Reagent Co., Lid, AR, = 97 %), CsCl
(Kemiao Chemical Co., Litd., AR, = 99.5%),
RuCl, ( Shanghai Guangming Chemical Reagent Co.,
Lid, AR, = 37.3%), and BaCl, ( Xilong Chemical
Works, AR, = 99.5%). Ultrapure water: 18.2 M() -
em™ at 25 °C (Milli-Q water, Millipore Mili-Q refer-
ence ultrapure water purification system, USA) was
used in this study. The polypropylene (PP) volumetric
flask was used in this work since it is chemical stable-
both in the acidic and alkaline environment. The in-
volvment of other elements can be eliminated after very
careful checking.

Prior to the reaction, all PP volumetric flasks
(100 mL) were recalibrated and washed several times
with high pure Mill-Q water, and then they were dried
at room temperature. The typical isotope trasmutation
(Cs-Ba) experiment was done as follows. 50.0 mL of
ultrapure water, 1.0 mL of CsCl solution (C., =200 mg -
kg™') and 2.0 mL RuCl, solution (20 mg + mL™")
were added in a 100 mL PP volumetric flask. After 5
min ultrasound treatment, different content NaBH, was
added in the mixture solution, and the reaction was op-
erated for days until no bubbles were generated under
the room temperature. After that, the mixed solution
was volumed to 100 mL with Mill-Q high purity water.
For the above reaction system, it was labeled as
NaBH, + CsCl + RuCl;. The experimental results are

shown in Fig.1.
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Fig.1 (a) Ba isotope concentration varation in NaBH,+CsCl+RuCl; mixture with different NaBH,

content 236.4 and 236.4x4 mg; (b) the corresponding isotope ratio
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The element and isotope concentration and ratio
variation before and after reaction were measured by in-
ductive coupled plasma mass spectrometry ( ICP-MS,
iCAP Q, Thermo, Waltham, USA) technique. The
apparatus limits of detection for Ba and Cs isotope are
0.40 and 0.05 ppt respectively. The samples for ICP-
MS measurement were not further diluted prior to anal-
ysis. The every sample was detected at least three times

and the average value was presented.

2 Results and discussion

ICP-MS measurement results are shown in Fig.1la
and Table 1. The reaction mixture contains 1 mL CsCl
(C.. =200 mg - kg™') and 2.0 mL RuCl, (20 mg -
mL™") solution in 100 mL PP volumetric flask. By
changing the amount of NaBH, that are 236.4 and 236.4x
4 mg, respectively, we found that the Ba isotope con-
centration changed with the increase of negative hydro-
gen compound loading ( NaBH, ). It should be noted
that there is no additional barium source in these initial
reaction mixtures. Meanwhile, the Ba isotope ratio
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Table 1 Ba isotope concentration varation in the mixture of
NaBH,+CsCl+RuCl, with different NaBH, loading

Tsotopex 107/ My, My,
(mg-kg™) (236.4 mg) (236.4x4 mg)

B 0.07 0.36
2 Ba 0.98 3.08
Ba <0.01 1.79
% Ba <0.01 1.87
" Ba <0.01 1.74
"Ba <0.01 1.80
"*Ba <0.01 1.83

"¥Ba also changed after the raection, as shown in Fig.
1b. In particular, the amount of isotope '**Ba and '*Ba
decrease remarkably with the increase of negative hy-
drogen compound loading.

To avoid misunderstanding of the experimental re-
sults, we double checked the initial Ba and Cs isotope-
concentration in NaBH,, RuCl,, CsCl and BaCl, solu-
tions by ICP-MS. As results shown in Fig.2a, the Ba
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Fig.2 The Ba isotope concentration in used regents

(a) Ba isotope concentrations in the NaBH,, RuCl,, CsCl and BaCl, solution respectively;

(b) the corresponding isotope ratio in the NaBH,, RuCl,, CsCl and BaCl, solution respectively

isotope concentrations of “Ba, "*Ba, ""Ba, "Ba,
""Ba and '"*Ba in NaBH, and CsCl solution are lower
than the instrument’ s limit of detection. Only a trace
amount ’Ba was found in NaBH,(1.41x107° mg -
kg™") and CsCl(2.03%107° mg - kg™') solution re-
spectively. The concentrations of the Ba isotopes in

RuCl; aqueous solution are also very low, as shown in

Table 2. This means that the changing of Ba isotope
concentration can only be ascribed to elemental trans-
mutation reaction in the NaBH, +CsCl+RuCl; mixture.
The distribution of isotope ratio in BaCl, aqueous solu-
tion( C,, =132.0x107° mg - kg™ ) was also detected,
and detected "*Ba concentration in BaCl, is significant-

ly lower than other isotope concentrations.
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Table 2 Ba isotope concentrations in NaBH,, RuCl,, CsCl, and BaCl, solution

Isotopex 1072/ NaBH, RuCl, CsCl BaCl,
(mg - kg™) (236.4 mg) (40 mg) (C,=20x107 mg - kg™") (Cp,=132x107 mg - kg™")
1*Ba 1.41 <0.01 2.03 2.15
2By <0.01 <0.01 <0.01 134.17
1¥Ba <0.01 <0.01 <0.01 130.38
"*Ba <0.01 <0.01 <0.01 129.4
13 Ba <0.01 <0.01 <0.01 128.98
""Ba <0.01 <0.01 <0.01 127.76
1*¥Ba <0.01 <0.01 <0.01 129.71

. . . . . 130 132
Fig. 3a shows the Ba isotope concentrations in sotope concentrations, such as ~'Ba and ““Ba, are ob-

NaBH,+CsCl+RuCl; and NaBH, +CsCl mixtures with
different CsCl concentrations. We found that the Ba i-

vious different in two reaction mixtures( with or without

RuCl;) as shown in Table 3. The results indicates that

1.0 (@ = 1, |l *'Ba
of r _al: =
- i I Ba -
5 e - o
08 = T | Ba | 2 0
& = N o0
~ 3 * W Ba | ¥ H
i 3 = 4
& 8 S I :
= 0.6 b S |(EEE “Ba | £ 2
. 3 3 %
20 h Y (BEE“YBa | o 8
£ L L & &
= O &) 133R < -
Soal WS < | Ba | S &
= ~ = 1 1
= & & - -
X [} o] o] o]
g 02r g 3 g %
o o o o
2 2 2 )
"1 |
1 2 3 4

Samples

Ba/ratio

18 (b) _ ~ |l *°Ba
' z Z |- pa
&0 = . =
151 £ S |mmBa | 2
= S |EBa | o »
1.2+ = S =
S g | "Ba | T <
] t = P
09l < g [ “"Ba | x <
: L 1 S S
g = |HIE"Ba | " I
=2 = - 3 &
s 2 1 1
0.3} % 3 T, T,
- ) = = =
) = ) )
E = s Cl
z Z z z
0.0
1 2 3 4
Samples

Fig.3 (a) Ba isotope concentrations in NaBH,+CsCl+RuCl; and NaBH,+CsCl mixtures with

different Cs content ( CCS =20x10"mg « kg™ ) (1#, 2#) and (Ce=200x10"° mg - kg™") (3#, 4#);

(b) the corresponding isotope ratio in their respective mixtures

Table 3 Ba isotope concentrations in NaBH,+CsCI+RuCl,
and NaBH,+CsCl mixture

Isotope
(x107 mg - kg™") ’ ’ *
1By 0.183 0.072 0.051 0.034
2By 0.565 0.984 0.032 0.752
"*Ba <0.01 <0.01 <0.01 0.041
P Ba <0.01 <0.01 <0.01 <0.01
5 Ba <0.01 <0.01 <0.01 <0.01
""Ba <0.01 <0.01 <0.01 <0.01
¥ Ba <0.01 <0.01 <0.01 <0.01

the Ru has a catalytic effect on the Ba isotope concen-
tration change. Moreover, increasing the initial CsCl
concentration, the contents of Ba isotopes also change
significantly in the NaBH, + CsCl+RuCl; or NaBH, +
CsCl mixture. In short, introduction of catalyst Ru and
Cs are decisive for ’Ba and '*Ba isotope conversion.
By comparison the Ba isotope ratio in Fig.3b, it is con-
firmed that the isotope concentration distribution of Ba
is closely related to Ru and Cs addition.

Does the variation of Ba isotope concentration and
ratio result from interaction of Ba itself and hydride?

We conducted a reaction of hydride with Ba in the ab-
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sence of Cs. In NaBH, +BaCl, + RuCl, mixture, the Ba
isotope concentration almost maitained similar under
different hydride loading, according to results shown in
Fig. 4 and Table 4. That confirmed that the concentra-
tion variation was not due to of the reaction between Ba
isotopes with negative hydrogen ( NaBH, ), instead,
from reaction between Cs and hydride, i.e., "Cs +
H "—"Ba.
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Fig.4 Ba isotope concentrations in NaBH, +BaCl, +
RuCl, mixtures detected by ICP-MS incyclic
experiments at 25 °C, (1) 1 cycle, [ NaBH, ] : 236.4 mg;
(1) addition of another portion of NaBH,(236.4 mg).

Initial reactants; My, =40 mg and Cp, =132x107° mg - kg™’

Table 4 Ba isotope concentrations in NaBH, +BaCl,+RuCl,
mixtures detected by ICP-MS, (I) 1 cycle, [ NaBH, ] :
236.4 mg; (II) addition of fresh NaBH,(236.4 mg)

Isotope (X107 mg - kg™") 1 Cycle 2 Cycle

1*Ba 1.91 1.93
Ba 111.23 107.53
Ba 118.48 118.3

" Ba 117.63 117.81
13Ba 117.38 117.1

""Ba 117.02 116.75
% Ba 117.4 118.28

3 Conclusion

This work reported evidences of Cs to Ba transmu-

tation in the presence of hydride compounds. Experi-

ments identified that the concentration and isotope ratio
were changed after reaction of Cs salt with hydride at
room temperature. In addition, we confirm that these
phenomena are closely related to Ru catalyst role.
Those results imply that some of barium isotope in na-
ture might originate from an unknown low-energy
nuclear reaction between Cs and hydride under very
mild conditions.
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