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		ns-orb				non-rel		rel								6d

														nonrel		rel

		Cd		1		-7.19		-7.64

		Hg		2		-7.02		-8.83				1		-20.79		-20.08		-19.29

		112		3		-6.48		-12.27				2		-19.44		-17.69		-15.64

												3		-18.94		-15.29		-12.03

										Snr		srel		dnr		dr		dr

				Hg				1		-7.01		-8.83		-19.44		-17.69		-15.64

				Hg				2		-7.01		-8.83		-19.44		-17.69		-15.64

				112				3		-6.48		-12.27		-18.91		-15.29		-12.03

				112				4		-6.48		-12.27		-18.94		-15.29		-12.03

										nr		rel

						s		1

				112		s		2

						d		3

						d		4

								1		-6.48		-18.94		-18.94

								2		-6.48		-18.94		-18.94

								3		-12.27		-12.03		-15.32

								4		-12.27		-12.03		-15.32
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		Rmax		7s		nr		rel								6d

		a.u.

		Cd		1		2.587		2.463				1		0.979		0.977		0.989

		Hg		2		2.68		2.3				2		1.149		1.138		1.178

		112		3		2.8		2.104				3		1.37		1.339		1.43

						nonrel valures foe 112 are not real
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E, eV

DF and Nonrelativistic Energies

of Valence AOs (in eV)
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[DF: Desclaux, At. Dat. Nucl. Dat. Tables (1973)]
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P, eV

DF and Nonrelativistic Energies
of Valence AOs (in eV)
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[DF: Desclaux, At. Dat. Nucl. Dat. Tables (1973); DC CC: Eliav, Borschevsky, Pershina, et al.]



Diagramm1

		104		104		104		104		104		104		104		104

		105		105		105		105		105		105		105		105

		106		106		106		106		106		106		106		106

		107		107		107		107		107		107		107		107

		108		108		108		108		108		108		108		108

		109		109		109		109		109		109		109		109

		110		110		110		110		110		110		110		110

		111		111		111		111		111		111		111		111

		112		112		112		112		112		112		112		112

		113		113		113		113		113		113		113		113

		114		114		114		114		114		114		114		114

		115		115		115		115		115		115		115		115

		116		116		116		116		116		116		116		116

		117		117		117		117		117		117		117		117

		118		118		118		118		118		118		118		118

		119		119		119		119		119		119		119		119



7p3/2

7p

7p1/2

7s

7s1/2

6d5/2

6d3/2

6d

-5.12

-5.64

-7.44

-8.64

-5.25

-6.09

-6.89

-8.07

-9.94

-5.47

-6.99

-8.09

-8.67

-11.22

-5.66

-7.86

-9.27

-9.26

-12.48

-5.83

-8.71

-10.45

-9.84

-13.75

-5.98

-9.55

-11.65

-10.43

-15.03

-6.12

-10.38

-12.86

-11.02

-16.32

-6.25

-11.21

-14.07

-11.63

-17.62

-6.37

-12.03

-15.32

-12.27

-18.94

-6.48

-16.86

-20.73

-16

-4.1

-7.22

-24.86

-8.89

-5.01

-21.55

-26.01

-19.63

-5.02

-9.67

-30.71

-11.23

-6.17

-26.23

-31.34

-23.32

-5.87

-12.13

-36.6

-13.6

-7.3

-30.94

-36.74

-27.16

-6.69

-14.67

-42.63

-16.03

-8.43

-35.76

-42.43

-31.12

-7.51

-17.32

-48.75

-18.51

-9.57

-40.63

-48

-35.25

-8.32

-20.11

-54.99

-21.06

-10.73



Sheet1

		103		104		105		106		107		108		109		110		111		112		113		114		115		116		117		118		119

		-3.98		-5.12		-6.09		-6.99		-7.86		-8.71		-9.55		-10.38		-11.21		-12.03		-16.86		-21.55		-26.23		-30.94		-35.76		-40.63

		-4.24		-5.64		-6.89		-8.09		-9.27		-10.45		-11.65		-12.86		-14.07		-15.32		-20.73		-26.01		-31.34		-36.74		-42.43		-48

		-6.75		-7.44		-8.07		-8.67		-9.26		-9.84		-10.43		-11.02		-11.63		-12.27		-16		-19.63		-23.32		-27.16		-31.12		-35.25

																						-4.1		-5.02		-5.87		-6.69		-7.51		-8.32

																						-7.22		-9.67		-12.13		-14.67		-17.32		-20.11





Sheet1

		



7s

6d3/2

6d5/2

7p3/2

s2p1

d2s2

7p1/2

d10s2

d9s2

s2p1

d5s2

s2p6

......

.........

...............

Energy, eV

DF orbital energies



Sheet2

		71		72		73		74		75		76		77		78		79		80		81		82		83		84		85		86		87

		-5.03		-6.39		-7.62		-8.81		-9.96		-11.097		-12.23		-10.69		-11.67		-15.62		-21.93		-28.19		-34.58		-41.14		-47.89		-54.94

		-5.197		-6.72		-8.12		-9.47		-10.8		-12.14		-13.5		-12.19		-13.42		-17.68		-24.33		-30.96		-37.79		-44.85		-52.11		-59.56

		-5.98		-6.52		-6.94		-7.25		-7.56		-7.86		-8.15		-7.73		-7.94		-8.92		-12.22		-15.4		-18.67		-22.01		-25.52		-29.12

																						-4.78		-5.98		-7.1		-8.16		-9.31		-10.45

																						-5.74		-7.48		-9.197		-10.97		-12.8		-14.69



&A

Page &P



Sheet2

		103		103		103		103		103

		104		104		104		104		104

		105		105		105		105		105

		106		106		106		106		106

		107		107		107		107		107

		108		108		108		108		108

		109		109		109		109		109

		110		110		110		110		110

		111		111		111		111		111

		112		112		112		112		112

		113		113		113		113		113

		114		114		114		114		114

		115		115		115		115		115

		116		116		116		116		116

		117		117		117		117		117

		118		118		118		118		118

		119		119		119		119		119



&A

Page &P

7s

6d3/2

6d5/2

7p1/2

7p3/2

Element

Energy, eV

DF orbital energies

-3.98

-4.24

-6.75

-5.12

-5.64

-7.44

-6.09

-6.89

-8.07

-6.99

-8.09

-8.67

-7.86

-9.27

-9.26

-8.71

-10.45

-9.84

-9.55

-11.65

-10.43

-10.38

-12.86

-11.02

-11.21

-14.07

-11.63

-12.03

-15.32

-12.27

-16.86

-20.73

-16

-4.1

-7.22

-21.55

-26.01

-19.63

-5.02

-9.67

-26.23

-31.34

-23.32

-5.87

-12.13

-30.94

-36.74

-27.16

-6.69

-14.67

-35.76

-42.43

-31.12

-7.51

-17.32

-40.63

-48

-35.25

-8.32

-20.11



Sheet3

		



6s

5d5/2

5d3/2

6p1/2

6p3/2

d2s2

d7s2

d9s1

d10s1

d10s2

s2p1

s2p6

.................

..................

Hf    Ta    W    Re   Os    Ir     Pt    Au   Hg   Tl     Pb   Bi    Po   At    Rn

Energy, eV

DF orbital energies



Sheet4

		



&A

Page &P



Sheet4

		



&A

Page &P

6s

5d5/2

5d3/2

6p1/2

6p3/2

d2s2

d7s2

d9s1

d10s1

d10s2

s2p1

s2p6

.................

..................



Sheet5

				71		72		73		74		75		76		77		78		79		80		81		82		83		84		85		86

				-5.03		-6.39		-7.62		-8.81		-9.96		-11.097		-12.23		-10.69		-11.67		-15.62		-21.93		-28.19		-34.58		-41.14		-47.89		-54.94

				-5.197		-6.72		-8.12		-9.47		-10.8		-12.14		-13.5		-12.19		-13.42		-17.68		-24.33		-30.96		-37.79		-44.85		-52.11		-59.56

				-5.98		-6.52		-6.94		-7.25		-7.56		-7.86		-8.15		-7.73		-7.94		-8.92		-12.22		-15.4		-18.67		-22.01		-25.52		-29.12

																								-4.78		-5.98		-7.1		-8.16		-9.31		-10.45

																								-5.74		-7.48		-9.197		-10.97		-12.8		-14.69



Hf

Ta

&A

Page &P

6s

5d5/2

5d3/2

6p1/2

6p3/2

d2s2

d7s2

d9s1

d10s1

d10s2

s2p1

s2p6

.................

..................

Yb   Lu

Element (atomic number)

Energy, eV

DF orbital energies

71

71

71

71

71

72

72

72

72

72

73

73

73

73

73

74

74

74

74

74

75

75

75

75

75

76

76

76

76

76

77

77

77

77

77

78

78

78

78

78

79

79

79

79

79

80

80

80

80

80

81

81

81

81

81

82

82

82

82

82

83

83

83

83

83

84

84

84

84

84

85

85

85

85

85

86

86

86

86

86

87

87

87

87

87

-5.03

-5.197

-5.98

-6.39

-6.72

-6.52

-7.62

-8.12

-6.94

-8.81

-9.47

-7.25

-9.96

-10.8

-7.56

-11.097

-12.14

-7.86

-12.23

-13.5

-8.15

-10.69

-12.19

-7.73

-11.67

-13.42

-7.94

-15.62

-17.68

-8.92

-21.93

-24.33

-12.22

-4.78

-5.74

-28.19

-30.96

-15.4

-5.98

-7.48

-34.58

-37.79

-18.67

-7.1

-9.197

-41.14

-44.85

-22.01

-8.16

-10.97

-47.89

-52.11

-25.52

-9.31

-12.8

-54.94

-59.56

-29.12

-10.45

-14.69

&A

Page &P



Sheet5

		





Sheet6

		



6p3/2

6p1/2

7s

5d5/2

5d3/2



Sheet7

				103		104		105		106		107		108		109		110		111		112		113		114		115		116		117		118		119

				-3.98		-5.12		-6.09		-6.99		-7.86		-8.71		-9.55		-10.38		-11.21		-12.03		-16.86		-21.55		-26.23		-30.94		-35.76		-40.63

				-4.24		-5.64		-6.89		-8.09		-9.27		-10.45		-11.65		-12.86		-14.07		-15.32		-20.73		-26.01		-31.34		-36.74		-42.43		-48

				-6.75		-7.44		-8.07		-8.67		-9.26		-9.84		-10.43		-11.02		-11.63		-12.27		-16		-19.63		-23.32		-27.16		-31.12		-35.25

																								-4.1		-5.02		-5.87		-6.69		-7.51		-8.32

																								-7.22		-9.67		-12.13		-14.67		-17.32		-20.11



&A

Page &P



Sheet7

		



7p3/2

7p1/2

7s

6d5/2

6d3/2



Sheet8

						104		105		106		107		108		109		110		111		112		113		114		115		116		117		118		119

						-5.12		-6.09		-6.99		-7.86		-8.71		-9.55		-10.38		-11.21		-12.03		-16.86		-21.55		-26.23		-30.94		-35.76		-40.63

						-5.64		-6.89		-8.09		-9.27		-10.45		-11.65		-12.86		-14.07		-15.32		-20.73		-26.01		-31.34		-36.74		-42.43		-48

						-7.44		-8.07		-8.67		-9.26		-9.84		-10.43		-11.02		-11.63		-12.27		-16		-19.63		-23.32		-27.16		-31.12		-35.25

																								-4.1		-5.02		-5.87		-6.69		-7.51		-8.32

																								-7.22		-9.67		-12.13		-14.67		-17.32		-20.11

						-8.64		-9.94		-11.22		-12.48		-13.75		-15.03		-16.32		-17.62		-18.94		-24.86		-30.71		-36.6		-42.63		-48.75		-54.99

						-5.25		-5.47		-5.66		-5.83		-5.98		-6.12		-6.25		-6.37		-6.48		-8.89		-11.23		-13.6		-16.03		-18.51		-21.06

																								-5.01		-6.17		-7.3		-8.43		-9.57		-10.73



&A

Page &P



Sheet8

		



7p3/2

7p

7p1/2

7s

7s1/2

6d5/2

6d3/2

6d



Sheet9

						104		105		106		107		108		109		110		111		112		113		114		115		116		117		118		119

						-5.12		-6.09		-6.99		-7.86		-8.71		-9.55		-10.38		-11.21		-12.03		-16.86		-21.55		-26.23		-30.94		-35.76		-40.63

						-5.64		-6.89		-8.09		-9.27		-10.45		-11.65		-12.86		-14.07		-15.32		-20.73		-26.01		-31.34		-36.74		-42.43		-48

						-7.44		-8.07		-8.67		-9.26		-9.84		-10.43		-11.02		-11.63		-12.27		-16		-19.63		-23.32		-27.16		-31.12		-35.25

																								-4.1		-5.02		-5.87		-6.69		-7.51		-8.32

																								-7.22		-9.67		-12.13		-14.67		-17.32		-20.11

						-8.64		-9.94		-11.22		-12.48		-13.75		-15.03		-16.32		-17.62		-18.94		-24.86		-30.71		-36.6		-42.63		-48.75		-54.99

						-5.25		-5.47		-5.66		-5.83		-5.98		-6.12		-6.25		-6.37		-6.48		-8.89		-11.23		-13.6		-16.03		-18.51		-21.06

																								-5.01		-6.17		-7.3		-8.43		-9.57		-10.73



&A

Page &P



Sheet9

		



7p3/2

7p(nr)

7p1/2

7s(nr)

7s1/2

6d5/2

6d3/2

6d(nr)

Z

E (eV)



Sheet10

		



&A

Page &P



Sheet11

		



&A

Page &P



Sheet12

		



&A

Page &P



Sheet13

		



&A

Page &P



Sheet14

		



&A

Page &P



Sheet15

		



&A

Page &P



Sheet16

		



&A

Page &P



		



&A

Page &P



		



&A

Page &P




Diagramm1

		104		104

		105		105

		106		106

		107		107

		108		108

		109		109

		110		110

		111		111

		112		112

		113		113

		114		114

		115		115

		116		116

		117		117

		118		118



SHE

6th row

Hf    Ta    W    Re   Os    Ir    Pt    Au   Hg   Tl     Pb    Bi     Po     At   Rn
   Rf    Db   Sg    Bh   Hs    Mt  Ds   Rg  Cn    Nh   Fl     Mc    Lv    Ts   Og

IP, eV

6.825

6.01

7.549

6.9

7.864

7.8

7.833

7.7

8.438

7.6

8.967

8.7

8.959

9.6

9.226

10.6

10.437

11.97

6.108

7.306

7.417

8.539

7.286

5.553

8.416

6.88

9.317

7.638

10.748

8.914



Sheet1

		

												SHE

												6p		SHE								6th		SHE						6p		She

																				104		6.825		6.01

										112		-8.92		-12.03						105		7.549		6.9				112		0		0

										113		-5.74		-7.21						106		7.864		7.8				113		0.378		0.69

										114		-7.48		-9.66						107		7.833		7.7				114		0.364		-0.215

										115		-7.1		-5.85						108		8.438		7.6				115		0.946		0.366

										116		-8.19		-6.67						109		8.967		8.7				116		1.7		0.905

										117		-9.39		-7.507						110		8.959		9.6				117		2.5		1.589

										118		-10.45		-8.32						111		9.226		10.6				118		0		0.056

																				112		10.437		11.97

																				113		6.108		7.306

																				114		7.417		8.539

																				115		7.286		5.553

																				116		8.416		6.88

																				117		9.317		7.638

																				118		10.748		8.914





Sheet1

		



7th row

6th row

E, eV



Sheet2

		



7th row

6th row

Hf   Ta   W   Re  Os   Ir   Pt   Au   Hg   Tl   Pb   Bi   Po   At   Rn
   Rf   Db  Sg   Bh  Hs   Mt  Ds Rg  Cn  113 114 115 116 117 118

IP, eV



Sheet3

		



Hg         Tl           Pb          Bi          Po         At           Rn
   Cn       113        114        115       116       117         118

Z

EA, eV



		





		






Gas-Phase Chromatography Experiments
on SHEs

GSl He, Ar, O, Chromatography column
H,O, imp.
Beam .
R Recoil (Cappil) es I a ko
—*| Target » Separtor — > +21 +21 $21°C ........-160°C ‘rdl
chamber =
Teflon
A SiOZIaver L7 Aulayer
- JINR/PSI Plasma . SHE?
> T t Recoll i > Hg +21° +21°C .........~160°C "
" farget | chamber g o ﬁl
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£ Aulayer
S ice (< -95 °C)

3 vl

3 § e
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? IS New diamond
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o detectors:
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Chemical Theory
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Theoretical Studies of Properties and
Volatility of HQ/Cn, TI/Nh, Pb/FI and Bi/Mc

e Formation of MO, MO, and M(OH) in the
atmosphere of O,, H,O and H,

— reaction energies
— properties of atoms/molecules (geom., IP, a, 1)

* Predictions of adsorption properties of M, MO,
M(OH) on surfaces of quartz and gold

— structures
— adsorption energies
— analysis of bonding



Methods and Softwares — Molecular Codes

e Molecular
« ADF (SCM)

— 2¢-DFT; SR and SO relativity; all-electron; various E*S;
STO basis sets for SHEs

— energy, properties, fast geometry optimization
— commercial & host-locked
 DIRAC
— 2¢/4c-DFT + CC - ab-initio; all electron, Gaussian
orbitals; poor geometry optimization, free-of-charge
» Solid state - periodic
« SCM BAND

— 2c-SR and SO relativity, all electron, fast geometry
optimization, full relaxation, dispersion-corrected Exc , -

commercial & host-locked .



Reaction Energies (in eV) of Gas-Phase

Molecules
 Hg Cn
Hg + O,=HgO +O 5.32 Cn+0,=CnO0O  0.01
Hg + O =HgO -0.62 Cn+0O =CnO -0.73
e FI
Fl + O, = FIOO -0.04 (" 8 "b
FI+0O =FIO -1.95
FI+ O, = OFIO -0.003 MO MOH MOO
* Rn Og
Rn+0O,= RnOO 0.01 Og + 0, = 0gOO -0.003
Rn + H = RnH -0.04 Og+H+ OgH -0.34
Rn+ OH=RnNOH -0.31 Og + OH =0gOH -0.83

No reactions with O, and H,O at normal conditions



Calculations of Adsorption Energy

« Adatom-slab model (inert surface)

E(x):_i(g_l) P ol
16\ e+2 1 1 .
IP o

slab m

e Cluster model

(2c/4c-molecular DFT + CC codes,
convergence with the cluster size
no relaxation, good for atoms)

MR L ]
Tin k8
LR :@'@"’&5
%7 %5 ra S S
3 ."" .'../’* d s ‘-‘._ﬁ

e Periodic (2c-DFT) calculations

(slabs, supercells, relaxation, molecules.
periodic boundary conditions)

e L




Predictions of SHE Delivery
to Chemical Setup

35

Adatom-slab model: N
B ice
o é 20 -
3(e-1 o c / 3,
E X)=—— at f:} [~ Q_Q\ © 15
(x) 16(8+2j( 1 +1JX3 jf"g 7f/\@ ¥ 0] //"‘FJ\
Py 1Py .y ‘1 C Si Ge Sn Pb F
° 0 ZIU 4IU BIU SIU 1[IJU 120
Z
Calculated Properties of Fl (7s27p?) and 120 (8s?) N i —:‘2
atoms and AH_4 on Teflon (DC CCSD(T)) N e =e "l
0
Element a, IP, Rvaw AHads, | E
a.u. eV A kJ/mol t, :igz-oe K°Te
F 29.5 8.539 3.94 10.4 Q 4
120 162.6 5851 2.29 35.4 E120: t,,=1 s; To=25 °C; | = 1m, Q = 1 /min
N/N,= 77 %

EA(120) = 0.021 eV _
[Pershina, et al. JCP 2008, Borschevsky, et al. PRA, 2013]
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Calculations of MO Properties and
Predictions of AH_ . on Teflon (DIRAC)

A model for molecule-slab long-range interactions

3(e—1) Xmol . 1(e—-1) urznol °

EadS(d)=_16(6+2)< 11 >d3 8(e+2) d3

T
IP ol IPsurf

Calculated Re [A]; d1, and d2 [A]; u; [D]; IP e upper limits of Eags

Mol. Re(M-O) d; d» / ;\ P\‘ / Olxx Oz; Eads@) Eads()

HgO 1.905 2.270 3 \(\O 4531 3390 68.13 9.94 18.2
e\

CnO 1.887 (

FIO 2.06

A. Kotov, V. Shabaey, et al. Chem. Phys. Chem., submitted

10.38 37.45 30.08 52.19 9.32 10.2

9.76 40.36 31.09 5890 9.65 13.6




A model for molecule-slab long-range interactions 

	



Calculated Re [Å]; d1, and d2 [Å]; μz [D];  IP [eV]; α [a.u.] and the upper limits of Eads [kJ/mol] for the two extreme cases related to d1 and d2

		Mol.

		Re(M-O) 

		d1

		d2

		μ 

		IP

		αaver 

		αxx 

		  αzz

		Eads (1)

		Eads (2)



		HgO

		1.905

		2.270

		3.103

		4.109

		9.76

		45.31

		33.90

		68.13

		9.94

		18.2



		

		

		

		

		

		

		

		

		

		

		



		CnO

		1.887

		2.252

		3.076

		2.451

		10.38

		37.45

		30.08

		52.19

		9.32

		10.2



		

		

		

		

		

		

		

		

		

		

		



		FlO

		2.064

		2.429

		3,341

		4.086

		9.76

		40.36

		31.09

		58.90

		9.65

		13.6








Modeling of Gold and Quartz Surfaces

T V G
H H H
/ / / H
0 0 s M~ o o~
I | | \/
Si Si Si si
[siica | [ siica | [ Silica |
stability PN, { T NG N
> PEny. T e Pmpst Sy, =
:i_ut.. SV ¥
temperature

supercell

S



Calculations of E_ . of M
on Au(111) and Quartz Surfaces

Eads = (Ef[M'Ausc] - Ef(M) - Ef[Ausc])

7P312
7p
SO
P12
Cn: 0eV

Nh: 2.01 eV (194 kJ/mol)
FIl.  5.12 eV (494 kJ/mol)




Calculations of E

S Hg
W

100 47

ads

on Gold and Quartz

AOs

Og

Ralative yield, %

a1

am

BN

V. Pershina. M. llias, A. Yakusheyv, Inorg. Chem. 60, 9796 (2021)

Au

+21°

Rn
+21°C ..cocrus -160°C {‘ﬂ

4 L
. = Aulayerﬁ

-AH_4s(Nh) = -AH_4(Mc) = 58 kJ/mol

A. Yakushev: experiment on Nh and Mc, to be published

300,00

200,00

—AH 4., kI/mol

100,00 |

0,00

of Group 12-15 Elements

M/Gold

—&—SHE calc.
—&-hom. calc.
—o—SHE exp.

== hom. exp.

220,00 -

170,00 |

-AH 4., kI/mol

-30,00 -

-80,00

120,00

70,00 -

20,00

12 13 14 15 16
(revPBE-D3BJ)

M/Quartz
TI Pb Bi
- =0
Hg Nh Mc —4—SHE calc.

—&—hom. calc.
Fl == hom. exp.

Cn

12 13 14 15 16



Adsorption of SHEs on the Au(111) Surface

45 .
SHEs at SR level [l olgg{Cn TI,-‘!\Ih Pb.,-‘FI Bl!!VIc Po{L\r At,.’T s Rn}IOg
4 SHEs at SO level | : RTTITTTS)
A _ homologues at SR level 4 ——Sup y
I 3 _‘_ homologues at SO level -0.5 —@— Heavy SO
3.5 ] \'\ ---¥---Superheavy SR
I ‘.F‘-'——.‘ rs-‘ -1.0 "".‘"‘HEEVYSR
I I
3 I ) >
::' EP 1.5
D 25 é
%) £ -2.0
S 2 §
=%
W 5 2.5
15 <
~ -3.0 1 < .
1 o ——5:_ . ,,"'
3.51 N SNt 1
0.5 »
-4.0 4

0
Hg/Cn TI/Nh Pb/Fl Bi/Mc Po/Lv At/Ts Rn/O
o FHie TOTy AT TR [L. Trombach et al., PCCP 21,18048 (2019)]

N ~AHags on gold, kJ/mol
? =l Element theory  exp.
-4 1 Cn 45 52
PO Nh 159 -
% 5dsi2 FI 68 35,>52
w ° 5d3 Mc 217 -
-10 Lv 190 -
. Ts 161 -
. Og 78 -
a Tz o 70 (Tr)
T e . . . [V.Pershina, etal JCP 2010]

Group [ A. Rhyzhkov, V. Pershina, et al., PCCP, 2023]



    -Hads on gold, kJ/mol


		Element

		theory

		exp.
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		Nh
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		Fl
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		35, > 52



		Mc

		217

		-



		Lv

		190

		-



		Ts

		161

		-



		Og

		78

70 (Tr)

		-






Adsorption of SHEs on the Au(111) Surface

45 Hg/Cn TI/Nh  Pb/Fl  Bi/Mc Po/Lv  At/Ts Rn/Og
SHEs at SR level [} 0.0 L L : : ' )
SHEs at SO level ——+— Superheavy SO
4 A - homologues at SR level A 0.5 % —@— Heavy SO
[ & .‘_ - homologues at SO level ’ «--%--. Superheavy SR
35 | -“.,___-. = o- ---#--- Heavy SR
3 ,.f W, E‘o 154 P
= g ‘
D 25 &
-~ c -2.04
L] 2
D -t
o 2 & L
] @ 2.5
15 < 30 =
by o .. ;w‘
1 3.5 5 301 AT ¥
.
0.5 -4.0
0
Hg/Cn TUNh Pb/Fl Bi/Mc Po/Lv AtTs Rn/Og [L. Trombach et al., PCCP 21,18048 (2019)]
-AHads on gold, kJ/mol
Element theory exp.
Experiment Cn 45 52
Hg Rn Nh 159 =
+21° +21°C o -160°C dl F 68 35 > 52
7L Mc 217 -
£7 Aulayer Lv 190 _
Theory Ts 161 -
Og 78 -
70 (Tr)

[V. Pershina, et al. JCP 2010]
[A. Rhyzkov, V. Pershina, et al. PCCP, 2023]

Only Cn, Og and FI can me measured



    -Hads on gold, kJ/mol


		Element

		theory

		exp.
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		161
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		Og

		78
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Adsorption of At, AtH and AtOH on the Au(111) Surface:
Comparison of Periodic vs Cluster Approach

At AtH At-OH (2.15 A)

BAND 3.34A
2.13 A \ 5
~

294 A

PRI
NVPDPIYYS
DPERTUPN,

E, 4 (kJ/mol) 184 164 185

Cluster: small size, no relaxation, no dispersion 2.17A

[Y. Demidoyv, et al., CPL,
691,126 (2018)]

E.q4s(kd/mol) 130 + 10 -



E_4 (In kd/mol) of M, MH and MOH
on the Au(111) Surface

M

SHEs at SR level [
SHEs at SO level

4 A _ homologues at SR level A&
._ _.‘ « homologues at SO level
35
/! ‘-
3 ! N
25
2
1.5
1

0
Hg/Cn TI/Nh Pb/FI Bi/Mc Po/Lv At/Ts Rn/Og

6t row 7th row
Atom SO Atom SO
Bi 280 Mc 204
Po 259 Lv 240
At 184 Ts 203
Rn 45 Og 78

Gr 15:

Gr 16:

Trend reversal Gr17:

Gr 18:

MH MOH
35
SHES 21 50 loval - 21 SHESs at SR level
homologues at SR level & SHEs at SO level |
sf W homologues at SO level 205 oS 2t 30 love
> 25 >
o [}]
'8 %1.95
uw 2 LL]m
1.9
1.5
1.85
B/Mc  Pollv  AtTs  Rn/Og 18 AUTs RniOg
6t row 7t row
Molecule SO Molecule SO 6t row 7th row
BiH 263 McH 205 Molecule SO Molecule SO
PoH 211 LvH 177 AtOH 185 TsOH 193
AtH 164 TsH 239 RnOH 190 OgOH 179
RnH 242 OgH 274
Bi > Mc BiH > McH
Po > Lv PoH > LvH
At<Ts AtH < TsH AtOH < TsOH
Rn < Og RnH < OgH RnOH > OgOH
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E_4. (in kd/mol) of M, MH and MOH on Gold

M MH MOH

“ oe SHEs at SR level [ 21 SHEs atSRlevel [l
SEE: gti gg lg:g: [ SHEs at SO level SHEs at SO level N
4 A _ homologues at SR level & homologues at SR level 4k 205 homologues at SR level
- “. homologues at SO level 3 l homologues at SO level . hemologues at SO level
~
35 [] Nea —-
! -
! 2
3 p N -
> > 25 >
© 25 [0} a
@ o 219
T o, el @
[
w u 2 w
15 1.9
1
15 1.85
05
% Rg/Cn TVNh Pb/FI BilMo Po/Lv AUTs Rn/Og 1 - '8 AYTs Rn/Og
Bi/Mc Po/Lv At/Ts Rn/Og

RnH < OgH RnOH > OgOH Rn < Og
D. (ineV) 0.03 < 0.27 0.31 < 0.83

242 < 274 190 > 180 Hg 45 < 78
1000 C

A. Rhyzhkov, V. Pershina, M. llias, V Shabaev, PCCP, 2023



E_4(M/MO) (in eV) on Au(111) Surface

HgO/CnO PbO/FIO

IR

Ly

Property Approx. HgO CnO PbO FIO

AOS Eas(MO) SR 228 1.92 1.92 2.22 AOs
SO 229 1.93 1.88 1.88

Property Approx. Hg Cn Pb  Fl ' '
Eads(M) SR 0.79 0.60 3.80 3.76 }] o I

- B
SO 0.81 0.62 2.79 0.92 ,~l <.
pv

FIO ? §

"AH a5 < 60 kJ/mol 2o +21°C.........~160°C E Experiment
y
a Theory

L7 Aulayer .

[V. Pershina and M. llias,
Dalton Trans. 51, 7321 (2022)]




		Property

		Approx.

		HgO

		CnO

		PbO

		FlO
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E_..(M/MO) on Quartz (Geminals) (in eV)

HgO/CnO PbO/FIO

Property Approx. HgO CnO PbO FIO
AOs Eads(MO) SR 2.27 139 1.22 2.80 AOs

SO 218 101 1.06 1.64

Property Approx. Hg Cn Pb FI ] I
Eads(M) SR 0.28 0.29 0.72 0.15 . o ~ o
SO 028 029 0.22 -0.22 .>[u» /V]'<.
PbO P. Py
165 kJ/mol Pb
> 67 kd/mol

21°
' Theory: desorption as PbO

Pb on reactive surface
Sio, layer PbO on stable surface




		Property

		Approx.

		HgO

		CnO

		PbO

		FlO



		Eads(MO) 

		SR

		2.27

		1.39

		1.22

		2.80



		

		SO

		2.18

		1.01

		1.06

		1.64
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		Approx.

		Hg

		Cn

		Pb

		Fl



		Eads(M)  

		SR

		0.28

		0.29

		0.72

		0.15



		

		SO

		0.28

		0.29

		0.22

		-0.22








E_,.(M/MO) on Quartz and Gold

experiment

Cn

|E : I Rn
+21° +21° +21°C .........-160°C a-rrrl-
&y  Sio, layer I Au layer I theOI'y

T, °C 288,289

- Pb
He
Rn

Theory: V. Pershina and M. llias, Dalton Trans. 51, 7321 (2022)

Experiment: A. Yakushey, et al. Frontiers in Chemistry (2022)



- DHags, kJimol

Element 118, Og, Is Solid?

Adsorption of inert gases including element 118 on noble metal and inert
surfaces from ab initio Dirac—-Coulomb atomic calculations

V. Pershina,"® A. Borschevsky,” E. Eliav,” and U. Kaldor®
:Go.wﬂsd'mfr Jiir Schwerionenforschung, D-64201 Darmstadi, Germany
“School af Chemistry, Tel Aviv University, 69078 Tel Aviv, lsrael

5
118
45
Xe
. Rn
i
g A
« Kr
35
3
MNe
25
1% L] 50 100 150

AG. 1. [{u)-(c)] Properties of rare gas atoms: (a) Polarizabilities a: (b) IPs; (c) vdW radii R,y (see Table 11). The experimental e and IP values of Ne

J. Chem. Phys. 129, 144106 (2008)

Van der Waals interaction energy

E)=—— (2L Xl )
16\ e+2 1 1 3 X = Rygw
+-———|x
II:>slab II:)mol

Moble gases

hrough Xe are those of Ref. 16, Rogw from Refs. 11, 13, and 21. The values for element 118 and a{Rn) are from present calculations.
P. Schwerdtfeger et al. Angewandte Chemie (2020)
s00 T 1 T [ T 1. T 1T ] 1T T T T 5
. . . 450 o R i
Physisorption on various surfaces 400 J E
50 35 = . =
Ne Ar  Kr Xe Rn 118 = 350 a elting
' Ne & ke X R A £ 300 ) ‘ JJroom _
N Au 30 e r e n £ boiling —{ temperature
Ag @ 250 K =
25 4 quartz = ’
- E 200 .0
30 g = e Rn
Au 3 204 150 Kes- "7 Xe
§ 100 L
Ag 2 o,
20 15 1 .* Ar
5 50 EN8
10 _m——— -, L] o i AR TR WO NN T N R
= e e
101 - Teflon 10 20 30 40 50 100 150
] 5 . Atomic number
.~ o
[}
0 ' " ' ' ) 0 . : : : : :
0 20 40 60 100 120 140 20 40 60 a0 100 120 140 Yu. Oganessian Chemistry at SHE Factory, Dec. 19-20, 2022, JIMR, Dubna

Drastic increase from Rn to Og. Why so??
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