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THE PERIODIC SYSTEM 2010 



 

THE PERIODIC SYSTEM,  Z = 1 - 172 



 

FRICKE,  GREINER, WABER, TCA 21 (1971) 235. 

 

 



 

 FROM 6d TO 5f: DARMSTADT GSI PT 





WHAT WAS ACTUALLY  DONE?  

 P. Pyykkö: ”A suggested Periodic Table up to Z ≤ 172, based on 

Dirac-Fock calculations on atoms and ions”, 

     Phys. Chem. Chem. Phys.  13 (2011) 161-168. 

 Average-of-configuration Dirac-Fock calculations on atoms and 

ions. [No Breit, no QED. The new Desclaux-Indelicato code.] The 

last valence electron determines the character of an element. 

 Example: In Group 7, (E125)6+ is 5g1.  (E124)5+ still  6f1. 

    (E136)6+ is 5g12. Then 8s, 8p½ compete. 

 Indeed, (E125)F6 is calculated to be 5g1. 

  M. A. Makhyoun, J. Chim. Phys. 85 (1988) 917. (QR MS Xα) 

 Compare with NpF6 which is 5f1. 

 Note that the earlier members of the nominal 5g series can have 

other occupations, especially as more neutral atoms. 

 Essential conclusion for Z = 119-172  (overlaps may occur): 

                  8s < 5g  ≤ 8p½ < 6f < 7d < 9s < 9p3/2 < 8p3/2. 

 



LATER MCDF COMPARISON 

 P. Indelicato, J. Bieroń, P. Jönsson, ”Are MCDF calculations 101% 

correct in the super-heavy elements range? 

    Theor. Chem. Acc. 129 (2011) 495-505.   

 Yes, QED  effects on the IP are of the order of 1% of the Dirac-level 

relativistic effects, up to Z=173. 

 MCDF on E140: At ’Average Level (AL)’, confirm the 8s28p27d 6f35g14 

configuration of V.I. Nefedov, M.B. Trzhaskovskaya and V. G. 

Yarzhemskiii, Doklady Phys. Chem. 408 (2006) 149. 

 At ’Optimal Level (OL)’: The lowest practical level 8s2 8p4 6f 5g15, J = 8. 

 The filled-shell J=0,   8s2 8p2 5g18 is reached at (E143) 3+ . 

 For E140 – E1422+, mix 8p-6f-5g . 

 Essential conclusion for Z = 119-172  (overlaps may occur): 

                  8s < 5g  ≤ 8p½ < 6f < 7d < 9s < 9p3/2 < 8p3/2. 

 



 

THE SEVEN 

PREVIOUS  PERIODS 





 For a point nucleus, the 1s solution disappears  at Z = 137.036. 

 For a finite nucleus, that happens around Z = 172. 



1) THE NODELESS 5g SHELL IS VERY COMPACT . 

2) THE 7p SHELL IS A PERSISTENT OUTER-CORE ORBITAL 

P. Pyykkö, PCCP 13 (2011) 161-168. 

 



HOW ABOUT OXIDATION STATES? 

USE THE 5d AND 5f ELEMENTS  FOR COMPARISON 

P. Pyykkö, PCCP 13 (2011) 161-168. 

 



HOW ABOUT OXIDATION STATES/2 ? 

USE THE 5d AND 5f ELEMENTS  FOR COMPARISON 

P. Pyykkö, PCCP 13 (2011) 161-168. 

 



POSSIBLE NEW MOLECULES 

Class Molecule Analogs 

8s0 5g1 

 
(E125)X6 

8s2 5g18 (E142)X4 ThF4 

(E146)X6 UF6 

8s0 5g18 (E144)X8 PuF8 

(E144)O4 PuO4 

(E148)O6 UO6 

8s2 7d0 6f14 5g18 (E158)X6 WF6 

7d8 (E164)X4 HgF4 



SIMPLEST PREDICTIONS FOR CHEMICAL  BONDING: 

Molecular, self-consistent covalent radii 

 

                              R(AB) = rA + rB. 

 

 



SINGLE-, DOUBLE- AND TRIPLE-BOND  COVALENT 

RADII UP TO Z = 118.   Mean deviation  3 pm. 

P. Pyykkö, M. Atsumi, CEJ 15 (2009) 12770. 



MEAN-SQUARE DEVIATION ONLY 3 pm 

for both single-, double- and triple-bond radii, r1 – r3 



THE COLLAPSE OF COVALENT RADII AT GROUP 10 

(♦    SINGLE, □  TRIPLE BONDS) . 
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