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Cold fusion: an early Dubna - Swiss collaboration topic
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Table 2. Experimental results

Q search

Thickness of Bombarding Integral Target Number of  Corrected ¢, cm?
degrading energy, ion flux, thickness, detected number of
foils, MeV x10'6 mg/cm? fission s.f. events
mgfem?® events
ZOGPb(AOAIy 2n)244Fm
22A1+14Ni 175£5 2.8 12 0 0 <1.3x107%
22A141.0Ni 17943 21 0.7 1 1 (616 %1073
16Al+14Ni 18245 5.6 1.2 96 96 (12402)x 10733
13Al+13Ni 18843 5.8 0.5 64 04 (1.74£02)x 10733 |
22Al1 190+3 14 0.4 18 17 (2.8+1.4)x107%3
23Ni 195+3 3.0 0.7 16 11 (441 1.3)x1073*
1.4 Ni 2044 6.7 12 23 7 (7£3)x 1073
20TpLH0 AL 3p)244Fm
16 Al +0.8Ni 1893 25 0.7 44 39 (19+04)x 10733
22Ni 196+3 22 0.7 70 04 (42407 x 10733
18N 200+3 42 0.7 118 109 (3.5£04)x 10733
0.8Ni 211+3 33 0.7 53 49 (1.8+£04)x 10733
Without degrader 20+2 54 0.7 5 6 (12 10.6) x 1073
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Excitation functions for the reactions 2°°Pb(*°Ar, 21)***Fm and 2°"Pb(*°Ar, 3n)**Fm
bave been measured and analysed in terms of a statistical model. The optical potential
parameters have been found to be as follows: Vy=—70 MeV, 7,=126x 10" '* ¢m and d
=036 x 107" *cm. Some data on the properties of the excited compound nucleus of
ferminm have been obtained.
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Requirements to the chemical method for SHE PSI

- efficiency
- velocity

- sensitive detection of SHE decay

- formation of defined reversible chemical states: , .
. Activated Adsorption:
- stable compound formation, interaction type 3 parameters

- requires stable surfaces, stable resins, stable reactant concentrations etc.

- excellent separation of interfering by-products:
- everything with SF or high energy a-particle emission
* lighter TA (a, SF)

* Po (precursor Bi and Pb or At and Rn (a)
* heavy actinides (Cf, Cm, Md, Fm) (SF)
* removal/destruction of aerosol particles, colloids



Requirements to the chemical method

macroscopic amounts: — Equilibrium concentrations,
— 1 step
single atoms: —> Probabilities
= multi-step ,,chromatographic” ”reversible” systems

lon exchange chromatography — Distribution coefficients
extraction chromatography — Distribution coefficients

gas chromatography — Adsorption properties

Demand from ,,Physical Chemistry“:
To determine thermodynamic constants we have to be able to either:
- change concentrations of reactants in case of investigating molecule or complex formation

or/and:
- change of adsorption temperature in case of pure molecular/elemental adsorption




Group 13: Homolog Studies

Experiments on fused silica surfaces
— In/InOH: Offline thermochromatography

— TUTIOH: Offline thermochromatography ’ B ° C ’ N
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— Nh/NhOH ? Al st P
= = 26.98 > 28.09 = 30.97
100 4 . . . ' . . 1200 ( ;-e
e - . I Exe. corver gas | 1000 :}551 Zél: (Gj? Gemanm }%f
] = MC simulation -800 & [® |2 |z
60 - -———— Temperature °C :ﬁgg = Ag Cd In S Sb
O\o 40 ol D 7 -_H---“"'-‘QHSIG? d (TIOH) = -1 33 kJ mOI-“ lii 200 g -‘ ilver Cadmium Indium }r:l Antimon
< T (TlOH) =296 C ‘a_s 3 3 107.87 112.4 114.82 118.71 12176
© 20 dep Eei 0 o)
E 0 - ' : l I : I l I ' : '“---‘l—— : L 200 Q 80 81 82 83 .
g0 7w T w4200 2 Au | Heg | T1 | Pb | Bi
2 80 [ 1 Exp. carrier gas 02+H20 - 1000 ) 196.97 200.59 204.38 207.2 208.98
E 60.] 'ggg e 112 113 114 115
2 402 o M AH (TIOH) = -136 kJ mol” —;88 O Rg Cn INh!| Fl | Mc
PR L entgenium Copernicium Nihonium Flerovium Moscovium
20 g Tdep(ﬂOH) - 2960'0 g NN 0 (282) (285) (286) (289) (289)
0] --200
T J T 1 T T T T T T T
0 10 20 30 40 20 60
Column lengh, cm
Page 5

Serov et al.(2011&2013)



PSI

Adsorption of Thallium on Quartz @ @ JAEA

Results

16 [ -AH,, 68% confidence bands
—— MCS with -AH,
| e Exp.data(68% c.i.)
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P. Steinegger et al.: Physical Chemistry C120 (2016 ) 7122 28.11.2024
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Chemical identification
macroscopic vs. microscopic behavior

PSI

450 —— T 500 ) —
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Adsorption of Thallium on Quartz @ JINR
“Isothermal” Gas-Chromatography (2021)

184T|* Beam

FLNR-SHELS

28.11.2024
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Online Experiment at FLNR/JINR
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He-gas

2 L/min

Online Isothermal Chromatography
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Online Isothermal Chromatography |-u"mi-
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Surface Dehydroxylation

* Primary TIOH formation occurs (likely) due
to adjacent hydroxyls

* Surface changes with temperature [1,2]
»>100-200 °C: surface dehydration
»>>200 °C: dehydroxylation
»>400 °C: rehydroxyation strongly hindered
with H,O or air

[1] Youngheng, Z., Zhenan, G. J. Non-Cryst. Solids (2006) 352 pg. 4030-4033.
[2] Young, G. J., Journal of Colloid Science (1958) 13 pg. 67-85.

Page 12

lon Intensity (&

1E-5

1000
Temperature e i [ 1}
1E-6 —— - 900
- B0
1E-7-
L 700
1E-8-
e - 600
1E-94
= 500
1E 1@ L 1 1 i i
0 10 0 30 40
Time ! min
236 [2 -
226 - L] >
]
2201 _
204 %
196
188 ACTIVATION TEMPERATURE (°C) -
- 100 200 300 aco 500 600 700 800 %06 1000 hoo

Fra. 3, Change in surface arca with heat treatment of sample.

Temperature / C



Theoretical Adsorption Studies 2022 PSI

Sio,

—AH, ~ [k)/mol]
Tl TIOH Nh NhOH
Geminal surface (G) 1 133.1 4.7 127.1
Vicinal surface (V) ?2 157 27.1 140.7
Dehydroxylated (B) 8:).9 324.5 24.3 237.8
AH . Tl ally hydroxylat AH . TIOH ated (B)

ads

-(140 + 20) kJ/mol

ads

-(160 = 20) kJ/mol &




Tlin room temperature isothermal gas chromatography PSI
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Vacuum seems more promising?
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The IF-to-IVAC System  PSI

e lon funnel

J. B. Neumayr et al., Nucl. Instrum. Methods Phys. Res. Sect. B Beam Interact. Mater. At. 2006, 244, 489-500.

16 PSI Center for Nuclear Engineering and Sciences 28.11.2024



PSI

Facilities @ Cyclotron Institute, TAMU m @
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PSI

Transport through Buffer Gas Cell m @
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PSI

Transport through Buffer Gas Cell @ W @
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The real thing... ~2t of material m @

TEXAS A&M

UNIVERSITYs

PSI Center for Nuclear Engineering and Sciences




' PSI

Transport through IVAC @ Egot = 184 MeV m @
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} PSI

Transport through IVAC @ Ego¢t = 197 MeV m @
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Comparison with MCS on SiO,, m @

TEXAS A&M

UNIVERSITYs
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K. Hermainski et al., Poster @ NRC10, Brighton, 2024.
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Amplitude, mV

High-temperature a-spectroscopy

After scCVD diamond: 4H-SiC-based
semiconductor solid-state detectors.
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High-temperature a-spectroscopy

Looking at the predictions for Nh on
SiO,: Higher stationary phase High-temperature a-spectroscopy

temperatures needed for online = 50°C

thermochromatography B =
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LEGEND - first-generation SiC @Psl
Thermochromatography (65°C = -40°C) for Nh

=
=
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The “zero” jump between adsorptions

a+b 2-TR-T

Wall collision number: i =~ Vpm) A/ M,

Yakushev et al Frontiers in Chemistry
2022
DOI 10.3389/fchem.2022.976635

Qm

G:
re
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gas flow speed, m/second

=1000-150 [cm™] @ 298-80 K
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1E-5 . " EJ
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. é
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B0 1E®  1E8 BT 1E6 i
distance from surface
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Velocity profile

1

1uym = 5E-9s

-3t
~

If there are inhomogeneities of the surface the atoms will “find” them efficiently and adsorb,

- this is defined as sticking coefficient!
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SC = Sc-exp(— £, )
RT

)

There cannot be two deposition zones with onbe adsorption enthalpy







Relative yield, %/cm
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