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Mendeleev Periodic Table of 1871
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Pre-World War Il Periodic Table




G. T. Seaborg, Chemical and Engineering News 23, 2190 (1945)
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Present Periodic Table 2011
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Atomic Structure

Electron shell (z~107"

Atomic nucleus ( 210 "°m

@ Proton  (1,672610” el " kg)

(O Neutron (1,6749 1072 kg)
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Relativistic Effects




One - atom - at - a - time chemistry
Aqueous Chemistry of Rf
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Aqueous Chemistry of Rf
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Direct and indirect relativistic effects
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Relativistic calculations of E114 atomic properties
(V. Pershina et al. J. Chem. Phys. 128, 024707 (2008))




Summary of Predicted Properties of
Elements 112 and 114

Property
Electronic configuration
IP, eV
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= 114 Chemistry

TASCA / SIM

Beam: #8Ca*10 RTC / COMPACT

(5.475 MeV/u)

e B
Target: 244PuO,
Backing 2.5 um Ti
Segment 1: 440 ug/cm?
Segment 2: 771 ug/cm?
Segment 3: 530 ug/cm?




Adsorption of Pb, Hg and Rn in COMPACT

COMPACT | COMPACT II
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Monte Carlo simulation and
thermodynamical calculation

Using the model of the mobile adsorption

%:In( A LRI )+£; AS,_ . =-236Jmol*K™ tg=Ti/In2

R V.o, V2z-M~ 2 s=2.1cm?
Q=22cm3/s

t - Q, T, —ASads) L=32cm

_AHads R
ex = ex
P RT ) s-T,-L P( R v, = 4.2-1012
a lower limit of the adsorption enthalpy value can be
calculated with retention time t, and column length L:
—AH_,.(Au) > 48 ki/mol
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Relativistic effects have created a new
category of elements in the Periodic Table:

112 an 114 are gaseous metals



Nuclear Structure

ome principle strains o
nuclear structure theory
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V.M. Strutinsky 1967 E=Epy+p,QU+P
n,p

Shell correction sU=U-U with U=>2n,
L
and U=2|¢3€0e

where §€_is a uniform distribution of single-particle states

4 1s the chemical potential defined by
N =2 [§€de» and N =total number of particles

Philosophy: systematic errors arising from the calculation of the total energy
from a single-particle model will cancel, and only effects associated with the
special degeneracies and splitting of levels in the shell-model potential will

remain as a shell correction.









Fission Isomers
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D. Habs, V. Metag (1978)

Charge — plunger technique

prompt fission
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Comparison of experimental and theoretical quadrupole
moments and deformations in the first and second minimum of

239py,
1. Minimum 2. Minimum
Q. (11,3 £0,5)b (36x4)b
Qi oor 38 b [Lit.]
(240Pu) 35 b [Lit.]
(c/a)exIO (1,30 £0,05) (2,0+0,1)
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Integral data: Systematics of SF Half-Lives
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Search for the next proton shell




Look at experimental data for superheavy elements:

¢ integral data for a few atoms such as half lives, decay modes, and
Q- values

¢ spectroscopic studies in nuclei approaching the “island of stability”
such as 2°*No (Z=102, N=152).
These are deformed nuclei and the degenerate spherical single-particle orbitals
split in a well defined manner into Nilsson components according to the
projection of the angular momentum onto the symmetry axis of the nucleus,
the K quantum number.
Orbitals above the spherical proton shell, e.g., 21‘5/2 , whose low-spin
components come close to the Fermi level in a prolate nucleus, play a key role
in the formation of excited states in nuclei near 2>*No.
In particular, K isomers give a very clear and unique experimental signature
through their decay times and paths.



RITU: Recoil — Decay — Tagging (RDT)




K =(16)
~2.5 MeV (16%)
/ /184 s

#

K=8

*:f;.é':' 8= 1,203 kev
9/2+[624], x 7/27[514], 28&ms




The message:

The 3+ band is built on a two-quasiparticle configuration
(1/27[521]x7/2[514])3* of which the 1/2:[521] component stems from the
spherical 2f; , proton orbital, the other one from 1h,,. Thus, any calculation

that gets the 3* energy right, also has the f;, and hy,, spherical orbitals in the
right place.

This is especially challenging
for the self-consistent
models where the high-|
orbitals are systematically
shifted to too high energies,
i.e. the proton i,;/, ends up
between the f,,, and the f; ,
removing 114 as a gap.

oblate spherical prolate




P. Armbruster
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Interacting Boson Approximation (IBA)
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P. Armbruster: Shifting the closed proton shell to Z =122 — A possible
seenario to understand the production of superheavy elements
Z =112 - 118, Eur. Phys. J. A37, 159 (2008)

IBA periodicity:

e Next closed proton shell is Z =122.

e 7=115 13 are oblate.

e Oblate nuclei (Z=112 —118) are stabilized against
fission by a common gain factor of 10 (pshare).

e For spherical nuclei, collective enhancement of level
densities at the saddle point causes a loss factor of 10-2
(pshape)_

e Damping of shell effects = fission barrier heights with
Kp = exp(-y/E*) (Ignatyuk)

e phindrance (7) = C exp[-(0.5/log e)(Z-Z,)]

0-(2) =0 hindrance,pshape,WsurvivaI(Z)

capture'p

37
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Summary:

Periodic Table of the Elements
- one quarter of all elements are synthetic transuranium
elements
- they have altered the architecture of the Table: actinide and
superactinide series

Chemical Science
- relativistic effects change chemical properties in a given
group in a non-linear fashion
- there are primary, secondary relativistic effects and spin-
orbit splitting
- sub-shell closures give rise to a new category of elements in
the Periodic Table: gaseous metals
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¢ Physical Science

- shell effects dominate the nuclear structure of transuranium
elements

- these give rise to superdeformed shape isomers (fission
isomers) in the actinides (U — Bk)

- superheavy elements (Z>104) are unigue elements that owe
their existence exclusively to nuclear shell effects @ N = 152,
N =162, and N =184

- at this time, a building lot is the question for the next
spherical proton shell. This urgently needs further theoretical
and experimental efforts

- The cross sections for the syntheses of Z=119 and Z=120 will
give us important information about the “end of the Periodic
Table of the Elements”.
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