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SHE chemistry at GSI

Method: gas chromatography
Setup: TASCA + COMPACT
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Theory: unpaired electron changes chemical properties

Cn Nh FI Mc Lv Ts Og

0 e ~AH,4 4 [ ]can be measured with existing setup
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Group Courtesy: V. Pershina Cn Nh Fi Mc
HOAO energies of SHEs ADF BAND calculations of adsorption
compared to their homologs enthalpy on and SiO, (a)
Theory: Cn, Nh, Fl:: Pershina et al. JCP (2009) Exp.: Cn: -AH,, = 52%% kJ/mol R. Eichler et al. Nature 447 (2007)
Nh, Mc: V. Pershina, M. llias, A. Yakushev, Inorg. Chem. Fl: -AH, 4 = 34*3% kd/mol R. Eichler et al. RCA 98 (2010)
(2021) doi.org/10.1021/acs.inorgchem.1c01076 Fl: -AH,,. > 48 kdJ/mol A. Yakushev et al. Inorg. Chem. 53 (2014)

Odd-Z elements Nh and Mc are predicted to be more reactive than
elements with closed electron shells Cn and Fl
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Chemical study by gas-solid chromatography
I=5= 1L

_Edes : :
T=e¢e RT The residence time depends on E;,, and T

Interplay of the retention time and lifetime for the radioactive species

Jewedede ¥y 8
gas flow direction 4.:%67 6 6 6

solid surface: 1) SiO,; 2) Au

.+ With a negative T gradient
L\ — less volatile

‘/\"‘ ~~~~~~ —— more volatile
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Theory: MC simulation of Mc and Nh adsorption on SiO,

I= 5= 1L
MC simulations
for AH_4(SiO,): 100
Mc: -58 kd/mol X 10
Nh: -58 kd/mol %
S,
o> 1
>
©
()]
o 0.1
~90% of 284Nh and ~100% of 288Mc should be
0.01

to3os 79 IS ot o dsorbed on SiO, within the first 15 cm
SiO, column coordinate, cm

miniCOMPACT (15 cm long) _ _
V. Pershina, M. llias, A. Yakushev, Inorg. Chem.
- = (https://doi.org/10.1021/acs.inorgchem.1c01076)
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SHE isotopes for chemical studies

v Longer-lived Mc and Nh isotopes 2940g
can be produced
® Lower production cross section 0.69 ms

® 24°Bk target is not available 293Tg | 2947
2498k(48C8,3-4n)293’2941 17

22 ms | 51 ms

2901 v/ 291LV 2921 v 293LV

8.3ms| 19 ms 13 ms | 57 ms

28TMc 1288Mc 1289Mc 1290Mc

37ms | 164 msf 330 ms! 650 ms

285F] [286F] 4 287F] | 288F] |289F] v" Production rates of 288Mc / 284Nh
via 243Am are similar to that of FI

0.13 s 0.48s| 0.66s| 1.9s | v 243Am targets are available

243Am(48Ca, 3n)288115

282Nh 283Nh 284Nh 285Nh 286Nh
73ms| 75ms| 0.91s 42s| 95s

Yu. Ts. Oganessian, V. K. Utyonkov. Rep. Prog. Phys. 78 (2015) 036301

GSI Helmholtzzentrum fiir Schwerionenforschung GmbH A. Yakushev / TASCA Workshop, Darmstadt 21.06.-23.06.2021



Previous chemical studies with Nh (I)

no preseparation
4 m transport

10.33-10.58 MeV

9099 87 MeV
356 5 (409, -0.6)
9.17-9.95 MeV

0.54 & (+0.14, -0.09)
6 (+8.-2)

15 8.73-9.15MeV
& 1208 (3.1, 2.1)
N K
10 high background TRHA-
- App 26y SF
IUJ- H} / "‘""‘Rn *Hpo

10°

10°

Number of alphas/10 keV

10!

10° L )
5 6 7 8 9 10

Energy/MeV

S. Dmitriev et al., Mendeleev Commun. 24 (2014)

9.97 (5)9.81 (T) MeV
0.97 5 (+0.25, -0.17)

Decay properties
not really fit to
measurements @ FPD

171 ms (+42, -28) ®)

9.075 MeV

s
BOT1L11
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Events were found on Au at room temperature
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Previous chemical studies with Nh (Il)

Dubna GasFilled Recoil Separator (DGFRS)  [~———__ x=3 X=2
{ 10.29- 1058 MeV 10.15- 1054 MeV
P~ | 1643 ms Mc | 3304120 ms
RTC : | R e 2841 9.10-10.11 MeV 9.47-10.18 MeV
Qz Qi | D -?’ ~ 091:3)] : 42353 :
r — ) [ 7 Target 91 g3 8 -2_08 S
- /
| /  wheel (**Am) 9.09-9.92 MeV 9.28(5) MeV
J { = . 46708 s 17355
- - : ;
9.17-10.01 MeV
045312 s/6%3s * ms
72 | 8.55-9.15 MeV
10932 s
243 48 291-
“h Am(™ Ca, xn)“ Mc

Teflon capillary Detector array 1 Detector array 2
(50°C, 45 m) (Au, +20°C) (Au, -20°C)

N. Aksenov et al., Eur. Phys. J. 53 (2017).

* Preseparation with DGFRS - low-background conditions
* 4.5 m transport through PTFE capillary
* No events registered - Nh adsorption on PTFE is high, -AH,,, > 45 kJ/mol

= Nh atoms are chemically reactive
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Previous chemical studies with Nh (lll) =0 | |

Mc 288
48Ca + 23Am 9“%1775 2016
Nh 284
2016: at TASCA | i TASCA @ GSI (20 days)
Ra:280 Expected: 3-4 events
26 " | Registered: zero events
e ® not optimal quadrupole focusing

Bh 272

12.0s
« 8.73-9.15

Transport via
a 6 cm-long
L PTFE tube
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Preparations for the next Nh chemistry experiment (1)
iI= =1L

Direct connection of miniCOMPACT to the RTC

178-1821g 202-205Fp
-, RTC window

«— RTC (He/Ar gas filled)

N, (iiq)
cooling
(-160°C),

miniCOMPACT Si0,  COMPACT
N +21°C +21°C.....-160°C

o
Connection
1 mm

.

Advanced miniCOMPACT with 32 strips
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Preparations for the next Nh chemistry experiment (Il)

60 178-181Hg

50
40
30
20
10

0 1 23 4567 8

Fr (reactive metal) adsobs on SiO,
Hg (vol. metal) passes SiO, and adsorbs on Au

202-205Fr

Relative Yield, %
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2020: Mc and Nh chemistry experiment at TASCA
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SiO,-covered miniCOMPACT was connected

to the RTC exit, following with two Au-covered

COMPACT detectors
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2021: Second run of the Mc/Nh chemistry experiment at TASCA
I=5= 1L
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Gas channel: 10 x 0.9 mm?

32 detectors 10 x 5 mm?2

April 2021:  TASCA
The first SiO,-covered
detector

was modified

N\ COMPACT

A\
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Summary and outlook

112
U First observation of moscovium (Z = 115) in a chemistry experiment
O High chemical yield -a number of decay chains from 288Mc and 284Nh wa
U Odd-Z SHE elements Nh and Mc are chemically reactive towards a SiO, surface
U Observed interaction of Nh and Mc with the SiO, surface agrees with theory
U Nh adsorbs strongly on Au

O A higher statistics for Mc is required - a faster transport from a gas stopping chamber to a detector
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