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Abstract In the present work, is shown that the first ionization energies for super-heavy elements (Z= 110-120) can be calculated by a semi-empirical method,
if the super-heavy atoms are treated as calcium clusters. The SE calculated values are compared with those from literature (based on relativistic quantum

mechanics) with good agreement.
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INTRODUCTION

The synthesis of the elements 111-118, increased
the interest on the so called superheavy elements, been
necessary to investigate/estimate/predict the properties of
such elements [1-6].

Because higher Z values, trustable calculations
involving the properties of super-heavy elements must,
necessarily, include the relativistic contributions [7].
However, as previously shown to elements 100-109 [8], first
ionization energies for super-heavy elements can be
calculated by semi-empirical method, if the super-heavy
atoms are treated as calcium clusters.

In the present work, such calculations are
performed/extended to elements 110-120.

METHODOLOGY

All calculations were performed by using Spartan
[9]. The calcium clusters were modelled as six membered
rings, as previously reported [8].

Calcium was chose taking into account that “°Ca
has a closed nuclear shell with protons and neutrons with the
so called “magic configuration”, been close to the line of
stability [10] as well as by the fact that calcium has been
employed as “building block™ for superheavy elements
synthesis [11].

All calculations were performed by semi-empirical
(PM6) method. The SE-PM6 approach was chose taking into
account its minor computation time consuming and its
reliability for calculations involving inorganic systems, as
verified for PtFg [12] and tin borates [13]. However, to
elements 110 and 118, Hartree-Fock (6-31G*) was
employed, since SE method do not support noble gases.

RESULTS AND DISCUSSION

The obtained results are summarized in Table 1 and
compared with calculated values from literature [2-17]
(based on relativistic quantum chemical calculations or on
empirical relationships).

As can be verified, the SE results are, for almost all
studied elements, in good (sometimes very good) agreement
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with the relativistic quantum chemical values, showing that
the employed approach is suitable/reliable.

As previously noted [8] for some elements, the
“correct” (taking into account a reference value from
literature) ionization energy value is the mean of the value
calculated to the respective uncharged and cationic (+1)
clusters.

To elements 110, 111, 112 and 118 the obtained
results are not in good agreement with the calculated
relativistic values. To elements 110 and 118, the closed shell
of the noble gas in the modelled cluster could account for the
under estimated values.

Table 1. First ionization energies (eV) for superheavy elements
modelled as calcium clusters. The values calculated in the present
work are compared with those from literature (otherwise indicated,
such values from literature are based on relativistic quantum
chemical calculations).

Element Z Modelled IE/leV IE/eV (e
CIUSter (cluster) values)
Ds 110 CasNe® 7.21 9.6°
Rg 111 CasNa" 7.65 10.62
Cn 112 CasMg* 8.67 11.97°
12.05°
Nh 113 CaAl’ 6.98 7.31°
FI 114 CasSi” 8.25 8.549
8.63°
7.01°
Mc 115 CasP 5.69 5.587
5.39°
Lv 116 CasS 4.08 6.88°
CasS* 8.18 7.34¢
6.12*
Ts 117 CaCI* 7.44 7.64°
6.79¢
Og 118 CasAr’ 6.70 8.91%9
12.40¢
119 119 CasK 5.68 4.04°
CaK* 3.76 4.79°
4.72% 4.78°
3.60-
3.80°
120 120 Cag 3.39 5.847
Cag' 8.31 5.85
5.85% 4.07°

*Mean value of the IE calculated to the neutral and cationic (+) cluster;
*Ref. 10; "Ref. 14; ‘From absolute hardness values (Ref. 3); ‘Based on
estimated Clementi effective nuclear charges (Ref. 5); 'Ref. 14; 'CRC
Handbook; °Ref. 17.
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