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The Superheavy Elements Cn and Fl 
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Production and identification of Cn and Fl 
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The possibility of simultaneous production of Cn and Fl gives the chance of perform 

comparative studies. 

Adapted from OGANESSIAN, Y., et al. “Synthesis of nuclei of the superheavy element 114 in reactions induced by 48Ca”. Nature, 1999, 400.6741: 242-245.  



Selenium as stationary surface 
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VON SZENTPÁLY L., “Predictions of the Sublimation Enthalpies of Group 12 Chalcogenides and the Formation Enthalpies of their Polonides”, The Journal of Physical 

Chemistry A, 2008, 112.49: 12695-12701; HAYNES W.M., LIDE D.R., BRUNO T.J., “CRC Handbook of Chemistry and Physics 2012-2013”, CRC press; BOONE S., 

KLEPPA O.J.,  “Enthalpies of formation for Group IV selenides (GeSe2, GeSe2(am), SnSe, SnSe2, PbSe) by direct-combination drop calorimetry”, Thermochimica Acta, 

1992, 197. 1, 109-121; P.A.G. O’HARE, SUSMAN S., VOLIN K.J., "Thermochemistry of germanium monoselenide, and the GeSe bond dissociation enthalpy“, The 

Journal of Chemical Thermodynamics, 1989, 21.8: 827-836. 



Se major allotropes 
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 trigonal monoclinic (α-, β-, γ-Se) 

 red amorphous Se  black amorphous Se 



Red a-Se covered columns and PIN diodes 
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* Performed by Dr. Pomjakushina 

Solid State Chemistry Group  

Paul Scherrer Institute 
X-ray diffraction 
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N.M. Chiera, R. Eichler, A. Vögele, A. Türler, Vapor deposition coating of fused silica tubes with amorphous selenium,Thin Solid Films (2015).  

red a-Se coated column  

red a-Se coated PIN diode 

  20 µm 



Trigonal Se covered columns and PIN diodes  
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20 µm 

 

20 µm 

 

step 1: 100 °C  

step 2: 110 °C 

step 3: 150 °C 

step 4: CS2 dissolution 

trigonal Se coated column  

trigonal Se coated PIN diode 



Different allotrope, diverse reactivity 
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197

Hg dep. on a 70% trigonal Se surface 

 Monte-Carlo sim.:

H
Hg

ads
(t-Se) > -60 kJ/mol

 
197

Hg dep. on a 95% red a-Se surface

 Monte-Carlo sim.:

H
Hg

ads
(a-Se) < -85 kJ/mol

Isothermal chromatography, T = 23 °C 

Preliminary results 



On-line experiments 
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thermostate 
LN2 

gas flow 

isothermal part gradient of T 

Au detectors 

Se detectors 

Target: 242Pu + natNd 

Beam: 48Ca, 236 MeV 

Main nuclear reactions:    242Pu(48Ca, 3n)287Fl          283Cn 

                      natNd(48Ca, xn)185Hg 

α 



Red a-Se covered PIN diodes 
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 5 diodes 100 µg/cm2 in thickness  

 
 

 

 6 diodes 200 µg/cm2 in thickness 
 

 

 

 

 

 

 

 

 

2 diodes aged 9 weeks 

3 diodes aged 5.5 weeks 

3 diodes aged 9 weeks 

3 diodes aged 5.5 weeks 

quartz quartz quartz quartz Au Se Se Se Se Se Se 

200 µg/cm2 100 µg/cm2 

5.5 9 5.5 5.5 5.5 9 

carrier gas flow 

First 10 detectors, isothermal part of the COLD array 



185Hg deposition pattern on Se and Au detectors 

Page 11 

100

120

140

160

180

200

220

240

260

280

300

0 2 4 6 8 10 12 14 16 18 20 22 24

0.01

0.1

1

10

100
R

e
la

ti
v
e
 y

ie
ld

/d
e
t#

, 
%

185
Hg

 Exp

 Sim

H
ads

(Se
red

) = -85 kJ/mol

H
ads

(Se
grey

) = -45 kJ/mol

H
ads

(Au) = -98 kJ/mol

red coverage: 5%

trigonal coverage: 90%

T
, 
K

 T, K

Preliminary results 



Se surface scanning electron microscopy (SEM) 
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Se surface X-ray diffraction (XRD) 
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The Se crystallization occurs at the interfaces 
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crystallized Se < 2% of the Se sample (LOD) 

red amorphous Se 

substrate (quartz) 

XRD is not enough sensitive to analyze the surface 

morphology.  

Grazing Incidence X-ray diffraction (GIXRD)? 

KIM, K.S., et al. “Crystallization of amorphous selenium films. I. Morphology and kinetics”. J. Appl. Phys., 1973, 44.12: 5237-5244; CLEMENT, R., et al. “The photo-

crystallization of amorphous selenium  thin films” J. Non-Cryst. Solids, 1974, 15.3: 505-516; LEGROS, A., et al. “Effect on water impurity on the crystallization of vacuum 

evaporated Se”, J. Appl. Phys., 1995, 78.5: 3048-3051 



Cn events on Se detectors 
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Cn events on Se detectors 

Page 16 

100

120

140

160

180

200

220

240

260

280

300

0 2 4 6 8 10 12 14 16 18 20 22 24

0.01

0.1

1

10

100
R

e
la

ti
v
e
 y

ie
ld

/d
e
t#

, 
%

185
Hg

 Exp

 Sim

H
ads

(Se
red

) = -85 kJ/mol

H
ads

(Se
grey

) = -45 kJ/mol

H
ads

(Au) = -98 kJ/mol

red coverage: 5%

trigonal coverage: 90%

T
, 
K

 T, K

283Cn 

Preliminary results 



Probability to observe Cn on Se covered detectors 
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Preliminary results 



Se vacuum evaporation PIN diodes coverage 
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Next steps:  

 - crystallization studies (storage time) through 197Hg deposition 

 - resolution and layer thickness calculation through alpha spectroscopy and  

   AASIfit simulations 



Conclusions 
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 The Se surface crystallization can be monitored by Hg deposition 

 

 

 

 A severe kinetic hindrance of the Hg / trigonal Se reaction is confirmed 

 

 

 

 First indication that the interaction of Cn with Se is more favored, if compared to the 
Hg / trigonal Se system 



Outlook 
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 Inverse thermochromatographic studies will be performed to understand the kinetic 

process of the Hg/Se interaction. Hopefully an activation energy will be derived. 

 

 

 Future on-line experiments are envisaged to: 

 - confirm the Cn chemical behavior on trigonal Se surfaces 

 - assess the chemical behavior of Cn on red amorphous surfaces  

 - assess the chemical behavior of Fl on both selenium allotropic surfaces 
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