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(== Fl/Cn chemistry at the SHE Factory

Status DGFRS-II

Magnetic fields / transmission: #8Ca on 17%Er/174Yb/206Ph

15t physics experiments: 2**Am(*8Ca, xn)?°* ™ *Mc (x = 2,3) > ?#°Mc (6) and *®8Mc (55)

Data by courtesy of V. K. Utyonkov Page 3
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(== Fl/Cn chemistry at the SHE Factory

Status DGFRS-II
242Pu + 48Ca

10,195 MeV 9906 MeV
0149386 s Fl 286 12.048 MeV (3.609+6.297) F1287 11.789 MeV
361104 361104 (171 mm) 333007 241106 (175 mm)

9.

205.464 MeV 396 MeV
(190.318+15.148) 6274267 |Cn283
0.001222 s 241106
36/ 104
9.677 MeV 10.033 MeV
2 7 (2.684+6.993) | DS 279 07721435 | F1287 12.911 MeV
Ozsaazss 33124 33 /24 (47 mm)

9.321 MeV 9551 MeV
0.950205s [H8 275 11.098359 s |Cn 283
241108 33/24

8.483 MeV 213.343 MeV

3550528 s |S9271 0.507634 s

241106 33/24 6 4

192,663 MeV
(144.485+48 178)

32.218 min 9
24 /106

15t chemistry experiments: **2Pu(*3Ca, xn)*°°™*Fl (x = 3,4) > I = 1.5 — 3.0 ppA
Eyap = 242 MeV, 1.1 - 10 ion beam dose > N(**7FI/*%°Fl) = 70/12
Ejqp = 247 MeV, 5.0 - 108 jon beam dose = N(*®7FI/?8°F|) = 3/15

Data and decay scheme by courtesy of V. K. Utyonkov (state of stats: June 21, 2021); picture taken on October 2, 2019
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«(={j» Fl/Cn chemistry at the SHE Factory

Status DGFRS-III
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Picture by courtesy of A. I. Svirikhin
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(== Fl/Cn chemistry at the SHE Factory

The experimental setup COLD

Gas
conditioning

l

COLD -detector

I[VO-oven to en-
sure elemental state

Currently upgrading the control system...
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Flushing time experiments: Preparation of RTC for DGFRS-II/III
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A. V. Karpov et al., Nuclear Instruments and Methods A 859 ( 2017 ), pp. 112 — 124 - nrv.jinr.ru

(= Fl/Cn chemistry at the SHE Factory

Hg 179 Hg 180
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e
o 6.288 v 301, 381...
Bp ®6.119, 5.689...
o-detector
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(== Fl/Cn chemistry at the SHE Factory

Flushing time experiments: Comparison experiment vs. simulation
(simulation corrected for the half-life).
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«(={j» Fl/Cn chemistry at the SHE Factory

Flushing time experiments: Preparation of RTC for DGFRS-II/I1I

1004 Chamber volume: 56.7 cm? (0.057 1) Best coverage of focal

Plane + smallest volume
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Relative yield, %
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—— 5 mm stopping depth
—— 10 mm stopping depth
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({={J=» Preparation of Nh chemistry

Chemistry experiments behind the
vacuum separator SHELS@FLNR

141Pr(48Ti, [xplyn) 187=x=y1
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({={J=» Preparation of Nh chemistry

Results of model experiments with thallium
(=1 month of accelerator time)

* Heated RTC at a vacuum separator with constant access
* Observation of a volatile TI(lll) species*
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* Also supported by: E. E. Tereshatov et al., New J. Chem. 45 ( 2021 ), pp. 3377 — 3381
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({={J=» Preparation of Nh chemistry

Latest adjustment: Ensuring low oxidation states of thallium

0,/H,0

Ar
Reduction Isothermal chromatography
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TI(I)OH and TI(0) on quartz
11/min Ar+0.11/min O, + H,0 (!)

= Exp.TIOH/ = Exp. Tl

—— —AH392(T]) =158 kJ/mol
- - —AHSOY(TIOH) =134 kJ/mol
—— —AHSPX(TIOH) =120 kJ/mol
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({={J=» Preparation of Nh chemistry
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({={J=» Preparation of Nh chemistry

Results of model experiments with thallium
(=1 month of accelerator time)

* Identification of TIOH and Tl

- TIOH forms in a surface-bound reaction

- Preservation of elemental thallium due to progressive
dehydroxilation of quartz surface at T;;, > 400°C

- Three different chemical species observed (!)
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({={J=» Preparation of Nh chemistry

Theoretical expectations:
TIOH/TlI and NhOH/Nh on quartz

100+ = Exp.: —AH>192 (T1) = 158 + 3 ki/mol
' / Si0
< 80 Theo.: —AH_,;.? (Tl) = 150.2 kJ/mol
_%_i 60 - Theo.: —AH>102 (Nh) = 60 ki/mol
q) —_ _l'_
= |
& a0 ; si0
& Exp.: —AH ;2 (TIOH) = 134 + 5 kJ/mol
20 ! —— Nh on SiO i
- -~ TIOH on SO, Theo.: —AH>'2 (TIOH/NhOH) = ? ki /mol
0 —— Tlon SiO,
vy oy oy Theo.: —AH, 45 (TIOH) < —AH,4,(NhOH)?
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Temperature, °C

V. Pershina, J. Phys. Chem. C 120 ( 2016 ), pp. 20232 — 20238, A. Serov et al., Radiochim. Acta 101 ( 2013 ), pp. 421 - 425
V. Pershina, M. llias, Inorg. Chem. 58 ( 2019 ), pp. 9866 — 9873, P. Steinegger et al., J. Chem. Phys. C 120 ( 2016 ), pp. 7122 - 7132 Page 15
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(H» 4H-SiC test for HT alpha-spectroscopy

From diamond to silicon carbide

800 T— 3 3 3 : 1200
700 | | |
1000 -
600 -
> i
£ 5001 £ 800
g S
S 400 2 600+
2 3004 | g
< << 400
200 §
100 - 2001
0 04
05 0.0 05 1.0 15 05 0.0 0.5 10 15
Diamond Time, us 4H-SiC Time, us
S=NSICG
Temperature limit: 200°C Temperature limit: =400°C

Page 16



PAUL SCHERRER INSTITUT

==

Isothermal vacuum chromatography

115 Mc
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F| Fl
1] 0.
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t1/2 < 1second
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o= Intermetallic targets

243Am/Pd

Target by electrodeposition

Intermetallic target present

| mm

Intermetallic target future

. Target material (e.g., Am or U)
arget backing (e.g., Ti or
B target backing (e.g. Ti or Pd)

I. Usoltsev et al., Nuclear Instruments and Methods B 318 ( 2014 ), pp. 297 — 305 Page 18
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«(J» Conclusions

v Preparation for the first chemistry experiment at the SHE Factory of FLNR are well on track.
—  Long term tests of entire system at PSI.
—  Design and test of recoil transfer chamber for DGFRS-II/III

v Model experiments for an unambiguous chemical characterization of Nh are closing in.
—  TI(IIl) > Theory has to help us identify this species, e.g., TI(OH); .
—  TI(I) > Probable formation of TIOH.
—  TI(0) > After progressed dehydroxylated quartz surface.

4 Fit for the future.

High-temperature alpha-spectroscopy — higher stationary surface temperatures
Vacuum chromatography — shortest half-lives

Intermetallic targets — coping with high-intensity ion beams

Theory: Species of thallium at high oxidation states

NER N
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(= The Heavy Elements group at PSI & FLNR
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(== Wir schaffen Wissen — heute fiir morgen
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(== Wir schaffen Wissen — heute fur morgen

Thank you for your
kind attention!

ETH

Eidgendssische Technische Hochschule Zarich
Swiss Federal Institute of Technolagy Zurich
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- https://www.psi.ch/en/Irc
- http://flerovlab.jinr.ru/
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