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Chemical Properties of Cn, Nh and FlI

How reactive are Cn, Nh, and FI? AH_.7?
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Predictions of E_,, of Group 12-15 Elements
on Gold and Quartz

Atomic Orbitals Gold
4
300,00 |
©
= —4—SHE calc.
= 200,00
. —&—hom. calc.
E“’ —o=—SHE exp.
I'100,00 - —0~hom. exp.
0,00
100 11 12 13 14 15 16
§ (revPBE-D3BJ)
. Quartz
Z’ 220,00 -
TI P B
: i s #21°C coren -160°C i dl 1000 r - —a
00 l 7 L _g 120,00 - ——SHE calc
é 8 10 12 " 18 £ H MC .
<810 raper = Aulayer 2 o000 | g Nh —ahom. calc.
IE Fl -0~ hom. exp.
< 2000 -
Cn
-30,00 -
V. Pershina. M. llias, A. Yakusheyv, Inorg. Chem. 60, 9796 (2021) 80,00 ‘ - : - ‘
A. Yakushev: experiment on Nh and Mc, to be published S R

V. Pershina and M. llias, 19t TASCA Workshop, May 10-12, 2022



Experimental Results on Adsorption of FI (FIO?)

- -AH_ 4 (Fl on Au) > 48 kJ/mol (95%c.i.)
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Theoretical Studies of Properties and
Volatility of Hg/Cn, TI/Nh and Pb/FI

* 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, u)

* Predictions of adsorption properties of M, MO,
M(OH) on surfaces of quartz and gold
— structures
— adsorption energies
— analysis of bonding
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Methods and Software — Molecular codes

. SCM (ADF)

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

* energy, properties, fast geometry optimization
« commercial & host-locked

« DIRAC
o 2c/4c-DFT + CC — ab-initio; all electron, Gaussian orbitals;
poor geometry optimization, free-of-charge
* ReSpect

 4c-DFT, fast, Gaussian orbitals, all electron, only single
points, free-of-charge
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Formation of Oxides in the Gas-Phase
(ADF Molecular Calculations)

« Hg/Cn
— Hg+0O,=HgO + 0O Er=25.322¢eV
— Hg + O, = HgOO Er= 0.014 eV
— Hg+O =HgO Er=-0.618 eV 0’0

— Cn+ 0, =Cn00O Er=0.005 eV
— Cn+0O =0CnO Er=-0.733 eV

~ FI+0,=FIO+0 Er=3.993¢eV
— FI+0,=FIOO Er =-0.044 eV
— FI+0,=0FIO Er=-0.003 eV
— FI+0 =FIO Er =-1.947 eV
— FI+0,=FIO+0, Er=-0.348¢V
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Calculations of Adsorption Properties

* Modeling (unknown) surfaces (based on data)
— various crystals (cal-s) — most stable
— various geometrical plane cuts — different stability
— reconstruction of the cleaved surface (temperature)
— modification of the crystal surface

» temperature
* humidity
* Applying periodic codes (BAND)
— calculations for (chosen) systems: solid, slab, scells

— a large number of calculations, as surfaces and
adsorption positions are unknown

— comparison with experimental E_, (relative values)
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Modeling Quartz Surfaces

* Crystal structure
— a-quartz; B —crystobalite
» Surface modeling
— planes: (001), (010), etc.

— construction of slab, supercell (n layers, 4x4 unit cell)
— crystalline or amorphous silica surface

— surface modification T-c 1 Vv ©
. geminals (G) (001) ’e O/” 0/“ O/“ i,
« vicinals (V) (001) (010) ] | \ /
 terminated (T) /T'\ /S'h /?\ /S'\
° hydrogen bonded (H) Silica S’hf:af Silica
- oxygen bridged (B) 500 SbIY >
temp
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Construction of (4 x 4) Unitcells

« Geminals
— (001)

most stable

* Vicinals
— (001) and (010)

stability

* Bridged
— (010)

least stable

> 320 atoms
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Method for Periodic Calculations

— SCM (ADF) BAND

2 component: SR and SO relativity

- all electron

» geometry optimization (up to 300 iterations)
« full relaxation
 various Ex¢ (E

(Hg) and E_4(Pb) on Au(111) in kd/mol)

ads

— PW91 45 230 (overbinding)

— revPBE <0 126 (underbinding)

— revPBE-D3BJ /8 268

— PBE-D3 (VASP) 75 265

— exp. 98 234 (Haenssler, 2003)

 costly: cheking all adsorption positions
— (for molecules: Force Field method —extra license)

« commercial & host-locked »
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Periodic Calculations of E_ (Pb/Fl)

on Au(111)
Au(111) s-cell Atom/Molecule M/MO/Au-s-cell
+
E:(Au-sc) E; (M(/MO) E{(M-Aug,)
-199.5 eV Pb: -1.88eV -203.8 eV
FI: -5.12 eV -205.1 eV
7p3p2
7
- I SO
P12

E,q = - E{M-Au(111)sc] — E{M) — EJAu(111)sc]
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E_4(M/MO) on Au(111) Surface (in eV)

PbO/FIO

Property Approx. HgO CnO PbO FIO

Eads(MO) SR 228 192 192 222 AOs
SO 229 193 1.88 1.88

Property Approx. Hg Cn Pb Fl {

Eas(M) SR 079 060 3.80 3.76 -l .
SO 081 062 279 092 -

FoL, 7 o .
.\ / experiment

&7 Aulayer f theory
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Periodic Calculations of E_ (M/MO) on

lydroxylated a-Quartz Surfaces (Geminals)

(001) Quartz (s-cell) Atom/Molecule M/MO/Au-s-c
E; (M(/MO) TP Ef(M'Qsc)
7p
1 SO
P12
Pb: -1.88¢eV
FI: -5.12 eV

Eads = - Ef[M'Qsc] - Ef(M) - Ef[Qsc]
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E_4(M/MO) on Quartz (Geminals) (in eV)

HgO/CnO PbO/FIO

Property Approx. HgO CnO PbO FIO
AOs Eas(MO) SR 227 1.39 122 2.80 AOs

SO 218 1.01 1.06 1.64

Property Approx. Hg Cn Pb FI [ [
Eadas(M) SR 0.28 0.29 0.72 0.15 \\» o w {
SO 0.28 0.29 0.22 -0.22 il [V\ .
P, P,
165 kJ/mol

> 67 kdJ/mol PbO +21°
Theory: desorption as PbO

Pb on reactive surface
Sio, layer PbO on stable surface
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E.4(M/MO) on Quartz and Gold

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

Experiment: A. Yakushey, et al., to be submitted
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