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Cold fusion: an early Dubna – Swiss collaboration topic



    - efficiency
       - velocity
       - sensitive detection of SHE decay

     - formation of  defined reversible chemical states:
       - stable compound formation, interaction type 
                          - 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 for SHE

Activated Adsorption:
3 parameters



Requirements to the chemical method

macroscopic amounts:   →  Equilibrium concentrations,
             ⇒                  1 step
 single atoms:     →      Probabilities
 ⇒ multi-step „chromatographic” ”reversible” systems

gas chromatography → Adsorption properties

ion exchange chromatography → Distribution coefficients

extraction chromatography → Distribution coefficients

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
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Serov et al.(2011&2013)
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Experiments on fused silica surfaces
→ In/InOH: Offline thermochromatography
→ Tl/TlOH: Offline thermochromatography
→ Tl: Online* isothermal chromatography
→ Nh/NhOH ? 

Tem
perature, oC



Adsorption of Thallium on Quartz                                           @ JAEA
Results 
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ΔHads Tl
-(158 ± 3) kJ/mol

P. Steinegger et al.: Physical Chemistry C 120 ( 2016 ) 7122 28.11.2024PSI Center for Nuclear Engineering and Sciences

ΔHads TlOH
-(133 ± 3) kJ/mol



Chemical identification
macroscopic vs. microscopic behavior
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ΔHads Tl
-(158 ± 3) kJ/mol

ΔHads TlOH
-(133 ± 3) kJ/mol



Adsorption of Thallium on Quartz                    @ JINR
“Isothermal” Gas-Chromatography                 (2021)
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184Tl+ Beam

FLNR-SHELS 

Carrier Gas



Online Experiment at FLNR/JINR
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−Δ𝐻𝐻𝑎𝑎𝑎𝑎𝑎𝑎
SiO2 TlOH =

129 ± 3 kJ/mol

−Δ𝐻𝐻𝑎𝑎𝑎𝑎𝑎𝑎
SiO2 Tl =

198 ± 3 kJ/mol



Online Isothermal Chromatography
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natHf(19F,xn)193mTl t1/2 = 2.11 m
 x = 2 - 6



Online Isothermal Chromatography
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External Chromatogram

Pretreatment:5 h >700oC (iso oven) in vacuo

[1] Wilson under review (2024)

External Chromatogram [1]

−Δ𝐻𝐻𝑎𝑎𝑎𝑎𝑎𝑎
SiO2 TlOH =

129 ± 3 kJ/mol

−Δ𝐻𝐻𝑎𝑎𝑎𝑎𝑎𝑎
SiO2 Tl =

198 ± 3 kJ/mol

Hypothesis:
Remove all surface hydroxyls 

(-OH) to preserve elemental Tl



Surface Dehydroxylation
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• Primary TlOH formation occurs (likely) due 
to adjacent hydroxyls

• Surface changes with temperature [1,2]
100-200 oC: surface dehydration 
>200 oC: dehydroxylation
400 oC: rehydroxyation strongly hindered 

with H2O 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.  

[2]

[1]



Theoretical Adsorption Studies 2022
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−Δ𝐻𝐻𝑎𝑎𝑎𝑎𝑎𝑎
SiO2  [kJ/mol]

Tl TlOH Nh NhOH

Geminal surface (G) 20.1 133.1 4.7 127.1

Vicinal surface (V) 44.2 157 27.1 140.7

Dehydroxylated (B) 80.9 324.5 24.3 237.8

Fully hydroxylated (G) Partially hydroxylated (V) Dehydroxylated (B)

?
ΔHads Tl

-(160 ± 20) kJ/mol
ΔHads TlOH

-(140 ± 20) kJ/mol



Tl in room temperature isothermal gas chromatography
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These experiments will not tell us:
 1) what species deposits (maybe two or three?).
 2) and what are the absolute adsorption properties.

They will allow to determine 
adsorption interaction limits 

assuming a hypothetical species.



Vacuum seems more promising?
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The IF-to-IVAC System
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1

2

3 4

1 DC cage
2 Ion funnel

3 RFQ
4 IVAC

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



Facilities @ Cyclotron Institute, TAMU

DvQhDv

Al Ghiorso’s Gas-filled Ion Equipment

17 28.11.2024PSI Center for Nuclear Engineering and Sciences

Project grant 200020_196981/1



Transport through Buffer Gas Cell
 @ Ecot = 184 MeV
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Transport through Buffer Gas Cell @
 Ecot = 197 MeV
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The real thing… ~2t of material

28.11.2024PSI Center for Nuclear Engineering and Sciences20



Transport through IVAC @ Ecot = 184 MeV
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Transport through IVAC @ Ecot = 197 MeV
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Comparison with MCS on SiO2
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S. Soverna, Attempt to Chemically Characterize Element 112, Universität Bern, 2004.
K. Hermainski et al., Poster @ NRC10, Brighton, 2024.
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High-temperature α-spectroscopy

After scCVD diamond: 4H-SiC-based 
semiconductor solid-state detectors.
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Looking at the predictions for Nh on 
SiO2: Higher stationary phase
temperatures needed for online 
thermochromatography

≈ 50°C

≈ 500°C

High-temperature α-spectroscopy

SHEs
Diamond 4H-SiC

High-temperature α-spectroscopy



LEGEND - first-generation SiC 
Thermochromatography (65°C  -40°C) for Nh
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The “zero” jump between adsorptions

29

Gas phase diffusion
 related lateral probing 
of the surface in (x,y) 

If there are inhomogeneities of the surface the atoms will “find” them efficiently and adsorb,
 - this is defined as sticking coefficient! 

D~0.5 cm2/s
1 µm  5E-9 s

𝑥𝑥 = 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆(4 ⋅ 𝐷𝐷 ⋅ t𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷)

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

Vo = 1500 ml/min --> 0.416 m/s

𝑁𝑁𝑖𝑖 = 𝑎𝑎+𝑏𝑏
V(p,T)

⋅ 2⋅π⋅R⋅T
Ma

⋍1000-150 [cm-1] @ 298-80 KWall collision number: 
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There cannot be two deposition zones with onbe adsorption enthalpy
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