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Extended Average Level (EAL) Dirac-Fock calculations on atoms and ions agree with earlier work in that a rough shell-filling
order for the elements 119-172 is 8s < 5g ≤ 8p1/2 < 6 f < 7d < 9s < 9p1/2 < 8p3/2. The present Periodic Table develops
further that of Fricke, Greiner and Waber [Theor. Chim. Acta1971,21, 235] by formally assigning the elements 121-164 to (nl j)
slots on the basis of the electron configurations of their ions. Simple estimates are made for likely maximum oxidation states,i,
of these elements M in their MXi compounds, such asi = 6 for UF6. Particularly highi are predicted for the 6f elements.

1 Introduction

The Periodic Table (PT) is a compact, approximate way to
summarise both the electronic shell structure of individual
atoms, or their ions, and chosen aspects of the chemical be-
haviour of the elements. The history of the PT was recently
discussed by Kaji1, Gordin2 and Scerri3. We also quote the
study on certain(n, l) (’Madelung’) rules by Ostrovsky4 and
the attempts at a group-theoretical classification of the ele-
ments by Kibler5. The underlying electronic principles were
discussed by Schwarz et al.6–8.

A modern, 18-column, shape of the PT is shown in Figure
1. The latest two essential additions were the addition of the
5 f or actinide elements by Seaborg (see10) and the now com-
pleted transactinide series up toZ = 118. The last of them was
the caseZ = 117, reported in 2010 by Oganessian et al.11.
One often speaks of ’Superheavy Elements (SHE)’. Chemi-
cally speaking, decades of both experimental12–14 and theo-
retical15,16 work give good reason to regard at least the ele-
ments 104-109 as a fourth, 6d transition-metal series. A dras-
tic change of the covalent radii may occur from E110 (Darm-
stadtium, Ds) onwards, see Figure 2. The experimental chem-
ical studies on the elementsZ ≤ 118, and maybe beyond, are
of the type ’one atom at a time’. In cases where the nuclear
lifetimes now are too short for chemical studies, new, more
neutron-rich isotopes may help. Studies on the bulk chemistry
are expected to remain computational, only.

The values l = 0,1,2,3,4 are denoted by the symbols
s, p, d, f , g respectively. When necessary, the lower spin-
orbit (SO) split componentj = l − 1

2 is denoted by a star,e.
g. p* = p1/2. The principal quantum numbern of the s and
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Fig. 1 The Periodic Table of the 118 experimentally known
elements. The numbersg = 1 - 18 are the Groups. The IUPAC PT9

coincides with this table, but so far only includes the elements, up to
Rg.

p shells coincides with the number of the period in Figure 1.
It should be stressed that, while nuclear charges are well de-
fined, the concept of an electron configuration, both for atoms
and molecules, is only approximate. For both systems, the
true many-electron wave function can be a superposition of a
large number of effective electron configurations. This aspect
especially affects the transition metals.

The filling of such shells up toZ = 172 was studied using
Dirac-Slater (DS) theory by Fricke et al.19,20 for single, j j -
coupled electron configurations in this approximate form of
density functional theory (DFT). It was found that, approx-
imately for Z = 121-143, 8p1/2 and 5g shells become occu-
pied in neutral atoms. The full 6f and 7d series are completed
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Fig. 2 The collapse after Group 10 of the 7th Period (’6d’) covalent
radii, compared to 6th-Period (’5d’) ones. Black diamonds:
Single-bond radii17. Open squares: Triple-bond radii18.

aroundZ = 144-154 and 155-164, respectively. The follow-
ing row contained the 9s, 9p1/2 and 8p3/2 elements 165-166,
167-168 and 169-172, respectively, see Figure 10 of ref.19.
The heaviest atom treated seems to be E18421. The primary,
numerical DS data are listed in ref.22.

Already slightly earlier, Waber23,24 found 5g electrons in
the atomic ground state from E125 on. Lu et al.25 also
provided DS data up toZ=126. At Dirac-Fock (DF) level,
Mann26 noticed the particular stability of the 8p* shell and
Mann and Waber27 reported results for E118-E131. The gen-
eral conclusion is that, around E121-131, both 8p, 7d, 6f and
5g orbitals may enter the atomic ground states.

At this point one should point out that a realistic finite nu-
clear size keeps the lowest (1s) eigenvalue within the normally
allowed rangeε > − 2mc2 (a free electron being taken as
ε = 0). For the 1s state of a one-electron atom, and the avail-
able nuclear models, the critical limit,Zcr has been put atZ
= 17528, >17029 or 171.530. The screening from the other
electrons should raise that limit.

Zel’dovich and Popov31,32 actually point out that the elec-
tron wave functions remain localized beyondZcr but this be-
haviour has not been implemented in any atomic codes yet.

It is not obvious how to treat the quantum electrodynamical
(QED) effects in the supercritical domainZ > 137. Here they
are hence simply dropped out. In the rangeZ = 50-100, they
are typically -1% of the one-electron, Dirac-level relativistic
effects33–35, on the valence ns orbital binding energies of neu-
tral or nearly neutral atoms. For a recent summary on the QED
aspects, see Indelicato et al.36. Because their sign on s levels
is repulsive, they should also increaseZcr.

Average-of-configurations Dirac-Fock (DF) calculations
for the elements 1-120 were reported by Desclaux37. Ume-

moto and Saito38 also found 5g electrons to appear at E126
at DS level. Very precise relativistic coupled-cluster calcu-
lations were reported by the group of Kaldor on individual
atoms and their ions, such as E12239. Multiconfiguration,
MCDF-level calculations on the atomic ground configurations
for elements 119-164 were reported by Nefedov et al.40 who,
however, do not specify the exact computational method used,
nor the value of the total atomic angular momentum,J.

Little molecular work has been done on superheavy ele-
ments beyond the rare gas E118 (which has an electron affin-
ity 41,42). The exceptions comprise an MS Xα study of 5g1

complexes of E12543(entirely supporting the present PT), a
single-configuration DF study on diatomic (E126)F44 and a
study on (E119)H and (E120)H+45.

The purpose of present work is to extend the previous work
on neutral atoms to chemically plausible ions, fully realising
the difference between free ions and ions in chemical com-
pounds, at a - still approximate - but realistic DF level, in or-
der to see how a 21st-Century Periodic Table could possibly
be shaped in its most compact, approximate form.‡

2 Methods

The calculations were performed using the latest version of
the MCDF program of Desclaux and Indelicato46, at the Ex-
tended Average Level (EAL) level. Because many atomic lev-
els can be mixed in chemical-bond formation, as emphasized
by Schwarz and coworkers6, this may actually be a desirable
approximation. The EAL is useful, as long as the spin-orbit
(SO) effects are not excessive, or can be separately checked.

The nuclear charge distribution was taken as a Fermi one
with the parameters

ρ(r) = ρ0/[1+exp((r −c)(4ln3)/t)], (1)

whereρ0 is a normalization constant to obtain a chargeZ and
the surface thicknesst = 2.3 fm (Fermi) forZ > 45. Using

A = 0.00733Z2+1.3Z+63.6. (2)

for the atomic mass, the RMS nuclear radiusc (in fm) is ex-
trapolated in the program from known values ofc as a function
of A(Z) for largeZ. We have not studied here the chemical ef-
fects of varying the nuclear size.

Some calibration results are compared to earlier ones in the
Table 1.

‡ The present work was done in preparation for a lecture at the 150th An-
niversary Congress of ”Weltkongress Chemie” in 1860 at Karlsruhe on 3-4
September, 2010.
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Table 1 Comparisons of the present EAL results against literature.
PW = present work.

Z q El. conf. 2J I/a.u. Reference
121 0 8p1 1 0.113 PW

0.1634 47

+1 8s2 0 0.423 PW
0.4652 47

+2 8s1 1 0.653 PW
0.6854 47

+3 8s0 0 1.627 PW
+4 7p−1 PW

122 0 8s28p7d 4 0.206 39

+1 8s27d 3 0.415 39

+2 8s2 0 0.704 PW
0.749 39

+3 8s1 1 0.961 PW
0.997 39

3 Results

3.1 A broad mapping

A compact, very schematic grouping of the elements up toZ
= 172 is shown in Figure 3. The underlying atomic results are
shown in Tables 2 and 3.

3.2 Elements 119-126 and the beginning of a 5g series

As discussed before, elements 119 and 120 are 8s1 and 8s2,
and thus belong to Groups 1 and 2, respectively19,37,48,49. For
neutral E121, the present EAL calculations prefer 8p, with
7d only slightly above. The one-electron ions E1234+ and
E1245+ switch the 8s ground state for a 6f. From E1256+

onwards, a 5g1 state is preferred, as seen in Table 2. The one-
electron ions E1256+ and E1267+ being clearly 5g1, this mo-
tivates placing these elements in Groups 7 and 8, of a begin-
ning 5g row, respectively. A chemical example on the former
would be the (E125)F6 of Makhyoun43. For the next element,
the (E126)F6 are then expected to be 5g2 systems. An analog
for the one-electron ions is Ce3+, 4f1, placed in Group 4. Fur-
ther analogs are U5+ and Np6+, both 5f1, placed in Groups 6
and 7, respectively. There is room for 18 elements E121-E138
on this 5g row. We repeat that we do not mind if other orbitals,
such as 8p*, 7d, or 6f ones could be occupied in some early
members of a row, or in low oxidation states of these elements.
They are nevertheless counted as members of the 5g series.

Note that, depending on the oxidation state, the 8s occupa-
tion may vary from 0 to 2. In this sense the 8s and 5g levels
cross. Concerning the filling of the 5g shell, in the neutral-
atom calculations, this does not occur until E14419.

The size of the 5g orbitals being very small (see Section 4),
their direct involvement in chemical bonding is unlikely, just

as in the case of the 4f orbitals of the lanthanides.

Table 2 Calculated electron configurations for nuclear chargeZ and
ionicity q for Z ≤ 140. The post-E118 electron configuration is
shown. The quantityI is the energy of the next ionization. Further
data for E121 and E122 are given in Table 1. An ’r’ in the last
column indicates that the correspondingrmax was included in Figure
4 below.

Z q El. conf. I /a.u. Exc. en.
119 0 8s1 r
120 0 8s2 r
121 0 8s28p1 0.113 r

8s27d1 +0.0042 r
+1 8s2

123 +4 6f1 1.374 r
124 +5 6f1 1.918 r

5g1 +0.0948 r
125 +6 5g1 2.721 r

+7 5g0

126 +6 5g2 2.714 r
6f15g1 +0.2091 r

+7 5g1 3.677
133 +6 5g9 r
136 +2 8s26f35g11

+6 5g12

138 +5 8s25g13 2.089
8s15g14 +0.0977
6f25g13 +0.2146
6f15g14 +0.2923
6f35g12 +0.3779
8p15g14 +0.7159

+6 8s15g13 r
6f15g13 +0.0225
5g14 +0.0360
6f25g12 +0.2509
8p15g13 +0.7033

140 +2 8s25g168p2

8s25g178p1 +0.2921
+4 8s26f25g14

+6 6f15g15 2.428 r
8s25g13 +0.6637

+7 5g14

3.3 The 8p* shell

Mann and Waber26,27 found in their single-configurationj j -
coupled DF calculations that, in the neutral atoms, one 8p*
electron appeared at E121-E125, and two at E126-. In the DS
calculations of Fricke et al.19 the limits were E121-E126 and
E127-, respectively.

For our electron book-keeping, we put the 8p* shell at
E139 and E140. As seen in Table 2 for the previous element,
E1385+, 6+, the available electrons will be placed in a full, 8s2
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Fig. 3 The new, compact Periodic Table for elements 1-172. The numbers 1 - 18 are the Groups. For Periods 8 and 9, the Groups 13-14 are
interpreted as p* (p1/2) states and the Groups 15-18 as p (p3/2) states. Please note that, in this most compact version and respecting the
’Orbitals’ assignment in the right-hand marginal, theZ values do not increase systematically. An alternative wereto break present Period 8
into the pieces 8a (119-120), 8b (139-140) and 8c (156-164, 169-172).
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Table 3 Calculated electron configurations for nuclear chargeZ and
ionicity q for Z > 140. The quantityI is the energy of the next
ionization

Z q El. conf. I /a.u. Exc. en.
143 +6 8s15g18 2.652

6f15g18 +0.2473
+7 5g18

144 +5 8s26f15g18 2.139
+6 8s25g18 2.760 r
+7 8s15g18 3.185

6f15g18 +0.1269
+8 5g18

6f15g17 +0.4306
8s15g17 +0.4908
7d15g17 +1.0658
6f15g17 +1.5227

145 +6 5g188s26f1 2.783 r
5g188s16f2 +0.1737

+7 5g188s2 3.303
5g188s16f1 +0.0443
5g186f2 +0.1755

+8 5g186f1 3.755
5g188s1 +0.0025

+9 5g18

146
+8 5g188s16f1 3.836

5g186f2 +0.0031
5g188s2 +0.0887

+9 5g186f1 4.494
5g188s1 +0.1388

+10 5g18

147 +10 5g186f1 5.272
5g188s1 +0.2800

148 +11 5g186f1 6.088
149 +12 5g186f1 6.940

shell, the rest going to the 5g shell, and none yet to the 8p
shell. This supports the present placement.

3.4 The 6f series

We here have a choice of keeping the 8s2 shell, or ionizing it
away. If we keep it, we can place the 15 following elements
E141-E155 below the actinides Ac-Lr. (Note that in the upper
part of the PT, there is a slot at Group 3, and Ac, 7s26d1, is
usually included on the actinide row, giving fifteen items. In
contrast to the actinides, which lose their 7s electrons in com-
pounds, the present series, in their lower oxidation states, keep
their 8s2 but formally lose the (8p*)2 electrons.

Taking as example the system E144+5 (see Table 3), it has
an 8s26f15g18 configuration, and belongs in this sense to a 6f
series. As its analog U5+ (5f1), E144 in its lower oxidation
state hence does belong to Group 6 on the 6f row of Period 8.

More generally, for the lower oxidation state of the 6f series,
we expect an E118 core + a 5g188s2 semicore + the remaining
electrons, going to the 6fk shell with

k = Z−138− i, (3)

wherei is the ionic charge. For the heavier 6f elements, see
Table 4. As another example, the trivalent E155 will corre-
spond to a 6f14 closed-shell configuration, like its analogs Lu
and Lr in the suggested PT, Figure 3. Note that the 8p shell
still remains above 6f in our EAL total-energy calculations.
The 8p* = 8p1/2 eigenvalue is comparable with the 6f ones at
E1553+.

For the 6f series we also have the higher oxidation state,
such as E1448+, where the 8s shell is ionized away. In fact,
as the last electron above a 5g18 core, the 6f replaces the 8s
starting from E1458+. The E1468+ has one of each, an 8s16f1

configuration in the EAL model. This underlines the similar
binding energies of the 8s and 6f electrons in this neighbour-
hood.

This situation may create for the 6f elements a large range
of high oxidation states, as discussed in Chapter 5. This is
also a bit analogous with the Groups 13-15 of Period 6, with
the choice between Tl(I, III), Pb(II,IV) or Bi(III,V).

As seen from Table 4, at E1533+ the 8s shell is already
clearly under the 6f. Similarly, in the pentavalent state,
E1555+, the 8s electrons are kept but the 6f shell is ionized
to 6f12.

For the higher oxidation state, the number of 6f electrons is

k = Z−136− i, (4)

3.5 The 7d series

After the 6f series, we assign the nine elements E156-E164
formally to a 7d series in Groups 4-12.

Table 3 suggest 8p to lie slightly below 7d for E1563+. The
8p* eigenvalue of -1.91 au is clearly below the SO-averaged
7d one of -1.14 au. Note that trivalent Ti, Zr and Hf are d1

while E1563+ is p1 but has a low-lying d1 state.
As seen from Table 4, E1564+ is 8s26f14. If ionized further

to 5+ or 6+, the electrons are taken from the 6f, not from the
8s.

At the end of the series, the chemical properties of eka-
copernicium, E164, were discussed by Penneman et al.50. It
was mainly predicted to be divalent, but oxidation states +IV
and +VI were also expected. The calculatedIi for i = 2− 4
in Table 3 lie above the limiting line in Figure 6, suggesting
at most borderline chemical stability. Notice that, unlikeZn-
Hg, but like Cn51, the ions of E164 keep both 8s electrons
but remove 7d ones, which lie clearly higher. The 8s27d10
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ground-state configuration of E164 is analogous to all of Zn-
Cn, which motivates keeping E164 in Group 12 of Period 8.
This also fixes the positions of the preceding 7d elements.

3.6 The last main-group elements

The 9s1 and 9s2 elements E165 and E166 are now in Groups
1 and 2, respectively. Unlike the ns elements of Periods 3-
8, which have an underlying np6 core, the E165 and E166,
however, have an underlying 7d10 core. In that sense, they
would have a chance of rather being analogs to Au and Hg,
or to Rg and Cn. and being members of Groups 11-12 of the
Period 9, next to E167.

As seen from Table 3, the dication E1662+ strongly prefers
a 7d109s0 configuration to the alternatives 7d99s1 or 7d89s2.
We recall here that Rg (E111) prefers a 6d98s2 ground state52.
Due to this orbital order 7d< 9s, we therefore let E165 and
E166 stay in Groups 1 and 2, as done by Fricke et al.19.

For the elements E167-E172 we likewise follow them in
taking the energetic order as 9s< 9p1/2 < 8p3/2. Note that
the SO splittings are so large that they are making two SO-
split suborbitals with differentn nearly degenerate.

4 Orbital radii

4.1 The nodeless 5g orbital

It is well-known that the first orbital with everyl (1s, 2p, 3d,
4f, 5g, ...) is much more compact than the following orbitals
with the samel . This was noticed for 3d and 4f orbitals by
Jørgensen53, who related it to the number of radial nodes (ac-
tually ’maxima’, see his p. 46). Similar later arguments ex-
ist for the shells 2p54,55 and 1s56. Also Slater57 comments
that thermax of the 3d shells of Sc-Ni, given earlier by him-
self58, are ’much smaller than those for the 4s, even though
the energies are about the same’. He mentions their ’different
shapes’. Qualitatively one could say that the higher levelswith
the samel feel aprimogenic repulsion59 from the first, node-
less orbital. For a recent review on this problem, see Kaupp60.

How compact is the 5g shell, compared with its counter-
parts? We show in Table 5 typical radii,〈r〉, for the four series.
The 5g shell is compact, but rather comparable with the other
three series.

Estimates for the ionic radii of E104-E120 and E156-E172
were provided by Fricke and Waber61 as thermax of the out-
ermost occupied orbital. The neutral atomrmax of Waber et
al.24 for the 6f and 5g shells from E124 to E132 are compara-
ble with the present values for their ions in Figure 4.

Because of the small size of the 5g shell, the 5g elements
may rather chemically form a group ofsuperlanthanides,
in the sense of systematic magnetic behaviour, and non-
participation of the ’label orbital’ 5g in the formation of bonds.

The difference is that the lanthanides use 6s and 5d in their co-
valent bonds, but the 5g series has the panoply of 8s, 8p*, 7d
and 6f for the purpose. For factors determining the ionic radii,
see the subsection on 7p3/2 orbitals.

4.2 Magic numbers

The Lewis octets, corresponding to a formally filled ns2np6

electron configuration, are well-known. Likewise, the 18-
electron rule with a formal ns2np6(n-1)d10-like configuration
at the central atom is well-known; for its history and actualin-
terpretation, see ref.62. The next step is a 32-electron closed-
shell structure around a central atom. Recently, both the pre-
dicted Pu@Pb12

63 or Pu@Sn12
64 and the experimentally ob-

served U@C28
65 isoelectronic series were found to form good

examples on such 32-electron systems.
To obtain the next, 50-electron magic number, the first

chance would be the 6g shell which, however, remains out-
side the elemental range, studied here.

4.3 The 7p3/2 semicore orbital

In the PT, the 5p orbital is filled at Xe and becomes the core or-
bital of the lanthanides. Similarly, the 6p orbital is filledat Rn
and becomes the semicore orbital of the actinides. Although
so far not formally oxidized, it can strongly hybridize withthe
valence orbitals in systems like uranyl or UF6 (for some ref-
erences, see66). We now notice that the 7p3/2 orbital, filled
at E118, remains the largest core orbital up to about E164. It
is only slightly more compact than the 8s one, when this be-
comes permanently occupied around E153. Thermax values
are shown in Figure 4.

 0
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118 138 155 164

r m
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8p*
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5g

Fig. 4 The distances for maximum electron density for the orbitals
7p, 8s, 8p*, 7d, 6f and 5g for the systems indicated by an ’r’ in
Tables 2 and 3. Note that 7p (given by the line) remains the
outermost core orbital until about E153.
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5 Ionization potentials and oxidation states

Concerning the possible SHE oxidation states, Jørgensen67

guessed for E126 an oxidation state of +IV (5g4), while Fricke
et al.19 thought its normal oxidation state could be as high as
+8. Along the series, they expected a reduction to +6 at E132,
and to +3 or +4 around E144.

As well-known in the chemical literature (e.g.68,69), for
electrons removed from the same atomic shell, the ionization
potentialsIn systematically increase. Pyper and Grant70,71 ra-
tionalized this observation considering the atomic integrals in-
volved.

How far along the atomicIn sequence can we go in chemical
compounds, assuming that the sum of the ionization energies
is paid back by combined interionic Coulomb attractions and
covalent bonding? Moreover it should be noticed that e.g. the
Mulliken charges of the central atom can be roughly half of
the formal oxidation state. An early example on this rule of
thumb were the XeFn; n=2-6, (see ref.66, Fig. 4).

Experimentally, oxidation states up to +VIII are now known
in oxides and fluorides72. Himmel et al.73, suggest gas-phase
IrO+

4 as a possible chemical system with oxidation state +IX.
Parenthetically, the octahedral UO6 has been predicted to exist
as a local high-energy minimum74,75. It is not really a U(XII)
compound, in the sense of oxidizing the 6p semicore levels,
and has, moreover, lower-lying peroxido and superoxido iso-
mers.

Can we relate the ionization energies,Ii of the free ions to
the maximum oxidation states in compounds? CertainIi val-
ues are shown in Table 6 and a correlation between the two
numbers is shown in Figure 5. This, rather Gordian, empirical
attempt may give some idea of the possible oxidation states,if
theIi is known.
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Fig. 5 The correlation between the free-ion last ionization energies,
Ii , and the maximum known oxidation state,i for certain 5d and 5f
elements. The data are taken from Table 6.

We then compare some calculated ionization energies for
the present SHE in Figure 6. For the nominal 5g series, the last
valence electron is 8s, 6f and 5g for E121-122, E123-124 and
E125-126, respectively. The values reach the line of Figure
5 at I8. A further ionization, leading to a 7p5 configuration,
would have a much higher ionization energy, e.g. anI7 of
3.184 au for E124.

The curve for the higher oxidation state of the 6f series
lies below the experimentally known cases, making them also
plausible, possibly to some very highi values, such asi = 12
for the hypothetical (E148)O6. A further study would require
molecular calculations.

 0
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 6
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I i 
/a

.u
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i

5g series
6f series
Total 5d+5f fit

Fig. 6 A comparison of some present calculated ionization energies
with the fit to experimentally known maximum ones in Figure 5.
The ’6f’ series corresponds to the higher oxidation state.

6 Multi-shell transition metals?

Taking an example, it is known that the Gd atom ground state
is 6s25d14f7, with open 5d and 4f shells. For neutral or nearly
neutral SHE this also is a common occurrence. Could this
occur in compounds, or the present highly-charged ions?

Table 2 has E138+6 with a low-lying 6f15g13 configuration.
E140+6 has a 6f15g15 ground state. Thus some 6f-5g overlap
may occur in this neighbourhood.

7 Possible new molecules

Some characteristic molecules for the presently studied 5g, 6f
and 7d elements are given in Table 7. Their theoretical veri-
fication must be left to future quantum chemical studies. The
5g0 cases in the beginning are analogs of lanthanides in the
sense of having a compact, inner shell, being filled.
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Table 6 Successive ionization potentials (in au),In (in au) for certain elements. ’Chemically unknown’ ionizations are given in italics.

Atom I1 I2 I3 I4 I5 I6 I7 I8 Source
La 0.20495 0.4064 0.7047 1.836 76

Hf 0.2508 0.55 0.856 1.225 77

Ta 0.290 0.569 0.872 1.36 1.774 78

W 0.2890 0.589 0.950 1.396 1.884 2.377 79

Re 3.0395 80

Os 3.7493 80

Th 0.2318 0.437 0.735 1.058 77

U 0.233 0.411 0.707 1.171 1.711 2. 274 3.268 81

8 Conclusions

Based on the present ionic calculations, we have found a way
to split the very long row E121-E164 of Fricke et al.19 to the
suggested 5g, 6f and 7d segments, used in the present Figure 3.
Especially the 6f series may possess some very high oxidation
states.

While most experimental verifications may take a while,
relativistic quantum chemistry could be used to show that e.g.
(E125)F6 is indeed 5g1, as calculated by Makhyoun43. It is
similarly expected that (E143)F6 and/or (E145)F6 would be
6f1 systems, and so on.
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Fig. 7 Graphical Abstract: The last valence electrons, left on an
ion, are used to assign the superheavy elements E121-E164 to
individual (nl j) slots. A compact Periodic Table up to E172 is
obtained.
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Table 4 Calculated electron configurations for nuclear chargeZ and
ionicity q for Z > 153. The quantityI is the energy of the next
ionization

Z q El. conf. I /a.u. Exc. en.
153 +1 8s26f14 0.380

+2 8s26f13 0.872
+3 8s26f12 1.415

8s16f13 +0.5810
6f14 +1.2253

+4 8s26f11 1.999
+5 8s26f10 2.619
+6 8s26f9 3.270 r
+7 8s26f8

155 +3 8s26f14 1.484
+4 8s26f13 2.084
+5 8s26f12 2.720 r

8s16f13 +0.4201
6f14 +0.9189

+6 8s26f11

156 +3 8p1 1.177
7d1 +0.0538

+4 8s2 2.126
+5 8s26f13 2.770 r

8s16f14 +0.4434
+6 8s26f12

158 +3 7d18p2

164 +1 7d98s28p2 0.888
0.600a

+2 7d88s28p2 1.300 r
+3 7d78s28p2 1.741
+4 7d68s28p2

166 +2 7d108p2

9s17d98p2 +0.5826
9s27d88p2 +1.2594

168 +2 8p4

9s18p3 +1.0742
9s28p2 +2.2027

a Single-configurationj j -coupled DF, ref.50.

Table 5 The decrease of the average radius〈r〉 for the nodeless
atomic orbitals from DF calculations. Desclaux’s tables for neutral
atoms37 are used for the 1s, 2p, 3d and 4f series. Present data for the
5g examples.

Series Beginning End

Atom < r > Atom < r >

1s H 1.5 He 0.927
2p B 2.205 Ne 0.964
3d Sc 1.692 Cu 0.998
4f Ce 1.041 Lu 0.702
5g E1245+ 0.756 E1406+ 0.593

Table 7 Some possible molecules, containing the 5g, 6f and 7d
elements E121-E164. X is a halogen, O oxygen.

Class Molecules Analogs
8s05g0 (E121)X3 LaX3

82

(E122)X4
(E123)X5
(E124)X6,...
(E126)O4

8s05g1 (E125)X6
a

8s2(8p*)06f05g18 (E142)X4 ThF4
(E144)X6 UF6

(E144)O2+
2 UO2+

2
8s0(8p*)06f05g18 (E144)F8 PuF8

83

(E144)O4 PuO4
83

(E148)O6 UO6
74,75

(E142)X6
8s2(8p*)07d06f145g18 (E158)X6 WF6, SgF6

(E160)O4 OsO4, HsO4
8s0(8p*)07d06f145g18 (E158)X8

(E158)O4
8s2(8p*)07d106f145g18 (E164)X2 HgX2
8s2(8p*)07d86f145g18 (E164)X4 HgF4

84

a Done in ref.43.
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