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International Union of Pure and Applied Chemistry (IUPAC), 
which was established in 1919 by chemists from industry and 
academia, for more than 90 years has succeeded in fostering 
worldwide communications in chemical sciences and in uniting 
the academic, industrial and public sectors of chemistry in a 
common language. IUPAC is recognized as the world authority 
in chemistry and related areas. One of the crucial problems 
coming within the jurisdiction of IUPAC is the recognition of the 
discovery of new elements and their designation. In particular, 
this was on the agenda of an international festive colloquium 
held in Moscow on October 24, 2012. 

Criteria to be satisfied for the discovery of a new chemical element 
to be recognized were delineated by the IUPAP/IUPAC Trans­
fermium Working Group. Superheavy elements with Z = 113−118 
have been synthesized experimentally at the G. N. Flerov Labo­
ratory of Nuclear Reactions (FLNR) of the Joint Institute for 
Nuclear Research (JINR, Dubna, Russia) in the framework of a 
large collaboration between the Flerov Laboratory, the Institute 
of Atomic Reactors (IAR, Dimitrovgrad, Russia), the Lawrence 
Livermore National Laboratory (LLNL, Livermore, California, 
USA) and the Oak Ridge National Laboratory (ORNL, Oak-Ridge, 
USA). Factors which have been regarded positively included low 
background events, cross-bombardments, excitation functions, 
reproducibility in productions and in decays, physicochemical 
behavior, and spatial correlations between evaporations and sub­
sequent decays. After considering the presented data in June 2011, 
IUPAC credited the Dubna–Livermore collaboration with the 
discovery of new elements with Z = 114 and 116.

On May 23, 2012, IUPAC has officially approved the names 
flerovium (atomic symbol Fl) and livermorium (atomic symbol 
Lv) for elements of atomic numbers 114 and 116, respectively. 
Priority for the discovery of these elements was assigned, in 
accordance with the agreed criteria, to the collaboration between 
the JINR and LLNL.

At the international festive colloquium dedicated to the discovery 
and naming of the superheavy elements with atomic numbers 
114 and 116, Vice-Director of the Joint Institute for Nuclear 
Research Professor Mikhail G. Itkis introduced its participants, 
the authors of the discovery of the new chemical elements, leading 
scientists and engineers from the JINR, plenipotentiaries and 
ambassadors of the JINR member- and associate-member- states, 
official establishment of the governing bodies of Russia, members 
of the Russian Academy of Sciences (RAS), including members 
of the Presidium of RAS, members of the IUPAC Executive 
Committee, mayors of Livermore and Dubna and other honored 
guests.

The international festive colloquium has been opened by a 
lecture of the scientific leader of the Flerov Laboratory, Academician 
Yury Ts. Oganessian on the history of the discovery of superheavy 
elements.

Transactinides that exist due to a stabilizing effect of nucleon 
shells are referred to as superheavy elements. Following the well-
known 208Pb, which has closed proton (Z = 82) and neutron 
(N  =  126) shells, in the mid-1960s, the next shell closure has 
been predicted for 298114 (N = 184). This effect in neighboring 
nuclei is expected to be responsible for the formation of an island 
of increased stability superheavy elements.

The promise of discovering superheavy elements was very 
attractive, and their synthesis seemed reachable using available 
heavy ion accelerators without serious problems in the early 
1970s. Both on- and off-line chemical methods have been used 
for the separation of eka-Hg, eka-Pb and eka-Rn from reaction 
products. No evidence for the formation of superheavy nuclei 
has been obtained during 30 years.

Progress in the development of accelerator technics, especially, 
ion sources and new data on reaction mechanisms and the pro­
perties of transactinide nuclei obtained in the past 30 years 
allowed one to use 48Ca double magic nuclei as a projectile for 
the synthesis of superheavy elements in the late 1990s. This rare 
and expensive isotope has been produced at the Electrokhim­
pribor industrial complex (Lesnoy, Russia).

The targets consisted of the enriched isotopes of 233,238U, 
237Np, 242,244Pu, 243Am, 245,248Cm, 249Bk and 249Cf as oxides 
deposited on titanium foils. Unique highly enriched isotopes 
have been delivered by the Institute of Atomic Reactors, Russian 
Federal Nuclear Center (Sarov), Lawrence Livermore National 
Laboratory and Oak Ridge National Laboratory.

Heavy reaction products were separated in-flight from beam 
particles by the Dubna Gas-Filled Recoil Separator. This technique 
makes it possible to measure decay properties at an extremely 
low background. The analysis of events collected in experiments 
has been performed to find generic links mother–daughter– 
grand-daughter–… in decay chains.

In reactions studied in 2000–2012, the decay of the heaviest 
isotopes of Rf, Db, Bh, Hs, Mt, Ds, Rg, Cn and 20 isotopes of 
new elements with Z = 113−118 was observed among the products 
of complete fusion reactions.

Later, data on the decay properties of isotopes of the elements 
with Z = 114 and 116 have been reproduced by scientists in 
Germany and the United States.

The characterization of the chemical properties of the latest 
discovered elements is of special interest in the context of the 
chemical behavior of heavy and superheavy elements. Some of 
them have half-life periods from several seconds to about a day, 
times reachable by radiochemical methods.

Radiochemical experiments are in progress, but even the first 
experimental data suggest a Hg-like behavior of Cn (Z = 112) 
and a noble gas-like behavior of flerovium (Z = 114). This 
observation is the first indication of the influence of relativistic 
effects on the properties of superheavy atoms. This problem is 
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fundamental for modern chemistry. Radiochemical studies also 
served for the identification of new elements.

At the Flerov Laboratory, considerable progress in the syn­
thesis and characterization of odd superheavy elements 113, 115 
and 117 has been achieved, and an official claim to discovery of 
these elements has been submitted to the IUPAC. Additional 
support for this claim has been provided by German colleagues, 
who have reproduced the FLNR data last year.

Now, the development of a ‘superheavy element factory’ 
based on the new high-current cyclotron at the Flerov Laboratory 
is in progress. It is expected that the overall increase of the 
luminosity of experiments and the use of high-efficiency next 
generation on-line separators will increase the yield of superheavy 
nuclei by almost two orders of magnitude. This will allow us to 
start detailed studies of the spectroscopic and physicochemical 
properties of new elements.

The experiments that led to the discovery of superheavy 
elements have been performed with the support of the Nuclear 
Energy State Corporation (Rosatom, former Ministry of Atomic 
Energy of Russia) and numerous grants from the Russian 
Foundation for Basic Research and the Swiss National Scientific 
Foundation; the United States Department of Energy supported 
the studies performed in the Lawrence Livermore National 
Laboratory.

The format of the international festive colloquium did not 
provide a discussion of the reports. After historical reminiscences, 
there has come the solemn minute – the President of the IUPAC, 
Professor Kazuyuki Tatsumi officially announced the names 
of  the new chemical elements with Z = 114 and 116. From 
that moment on, the new elements flerovium and livermorium 
are included into the D. I. Mendeleev’s Periodic Table of the 
Elements.

The name flerovium honors the G. N. Flerov Laboratory of 
Nuclear Reactions where superheavy elements are synthesized. 
Georgiy N. Flerov (1913–1990) was a renowned physicist, who 
discovered the spontaneous fission of uranium, a pioneer in 
heavy-ion physics and the founder of the Laboratory of Nuclear 
Reactions at the Joint Institute for Nuclear Research (1957).

The name livermorium honors the Lawrence Livermore National 
Laboratory. A group of researchers from this laboratory with the 

heavy element research group of the FLNR took part in the work 
carried out in Dubna on the synthesis of superheavy elements 
including livermorium.

Vice-President of RAS, Academician Sergei M. Aldoshin 
stressed in his honoring speech that the existence of superheavy 
elements belongs to the most fundamental problems in natural 
sciences because it affects nuclear and atomic physics, quantum 
chemistry, the electrodynamics of strong fields, astrophysics 
and  cosmology. Aldoshin also extended congratulations to all 
scientists at the Joint Institute for Nuclear Research on behalf of 
the President of RAS, Academician Yuri S. Osipov on the brilliant 
scientific successes and wished them to continue outstanding 
research in nuclear chemistry.

Vice-Chair of the National Committee of Russian Chemists, 
Chair of the Interdepartmental RAS–RosAtom Scientific Council, 
Academician Boris F. Myasoedov noted that the discovery of 
flerovium and livermorium enriched Mendeleev’s periodic table 
and opened up a new area of chemistry – the relativistic chemistry 
of superheavy elements. The study of the physicochemical 
behavior of newly synthesized elements represents an outstanding 
example of single-atom chemistry.

Honoring speeches were also given by Vice-Directror of the 
Lawrence Livermore National Laboratory, Professor William H. 
Goldstein, the mayor of Livermore John Marchand, former 
director of the National Institute of Nuclear and Particle Physics 
and French National Centre for Scientific Research (CNRS), 
Professor Michel Spiro (France), Vice-Director of Facility for 
Antiproton and Ion Research (FAIR), Professor Hartmut Eickhoff 
(Germany), Vice-Director of the Oak Ridge National Laboratory, 
Professor James B. Roberto (USA), Chair of the Division of 
Nuclear Chemistry and Technology of the American Chemical 
Society, Professor Heino Nitsche (USA) and Chair of the Com­
mittee of Plenipotentiaries of the Joint Institute for Nuclear 
Research, Professor Micael Valigurski (Poland).

Giving credit for the discovery of the two new superheavy 
elements, it is necessary to emphasize the decisive importance of 
international scientific cooperation in these complicated branches 
of science.

December 10, 2012
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D. I. Mendeleev’s Periodic Table of Elements

Hydrogen

1.00794

1

H 1s1

13.59844
0.0899

–259.34
–252.87

Lithium

6.941

3

Li 2s1

5.39172
534

180.54
1342

Beryllium

9.01218

4

Be 2s2

9.32263
1848
1287
2471

Sodium

22.989768

11

Na 3s1

5.13907
970

97.72
883

Magnesium

9.01218

12

Be 3s2

7.64624
1740

650
1090

Helium

4.0026

2

He 1s2

24.58741
0.1785
–272.2
–268.9

Neon

20.1797

10

Ne 2p6

21.56454
0.9002

–248.59
–245.93

Fluorine

18.9984

9

F 2p5

17.42282
1.69

–219.62
–188.12

Oxygen

15.9994

8

O 2p4

13.618
1.429

–218.79
–182.95

Nitrogen

14.0067

7

N 2p3

14.53414
1.2506

–210.00
–195.79

Carbon

12.011

6

C 2p2

11.260
2250

Subl. 3653
—

Boron

10.811

5

B 2p1

8.29803
2340
2075
4000

Argon

39.948

18

Ar 3p6

15.75962
1.7837

–189.35
–185.85

Chlorine

35.4527

17

Cl 3p5

12.96764
3.214

–101.5
–34.04

Sulfur

32.066

16

S 3p4

10.36004
2070

115.21
444.6

Phosphorus

30.97376

15

P 3p3

10.48669
1820

44.15
277

Silicon

28.0855

14

Si 3p2

8.15169
2330 cryst.

1414
3265

Aluminum

26.981539

13

Al 3p1

5.98577
2702

660.32
2519

Potassium

39.0983

19

K 4s1

4.34066
862

63.28
759

Calcium

40.078

20

Ca 4s2

6.11316
1540

842
1484

Krypton

83.80

36

Kr 4p6

13.99961
3.736

–157.36
–153.22

Bromine

79.904

35

Br 4p5

11.81381
3119
–7.2

58.78

Selenium

78.96

34

Se 4p4

9.75238
4810

221
685

Arsenic

74.92159

33

As 4p3

9.8152
5727

Subl. 614
—

Germanium

72.61

32

Ge 4p2

7.900
5350

938.25
2833

Gallium

69.723

31

Ga 4p1

5.99930
5904

29.76
2204

Zinc

65.39

30

Zn 3d104s2

9.39405
7140

419.53
907

Copper

63.546

29

Cu 3d104s1

7.72638
8920

1084.62
2562

Nickel

58.6934

28

Ni 3d84s2

7.6398
8902
1455
2913

Cobalt

58.93320

27

Co 3d74s2

7.8810
8900
1495
2927

Iron

55.847

26

Fe 3d64s2

7.9024
7860
1538
2861

Manganese

54.93805

25

Mn 3d54s2

7.43402
7200
1246
2061

Chromium

51.9961

24

Cr 3d54s1

6.76664
7200
1906
2671

Vanadium

50.9415

23

V 3d34s2

6.7463
5960
1910
3407

Titanium

47.88

22

Ti 3d24s2

6.8282
4500
1668
3287

Scandium

44.95591

21

Sc 3d14s2

6.56144
2989
1541
2830

Rubidium

85.4678

37

Rb 5s1

4.177137
1532

39.31
688

Strontium

87.62

38

Sr 5s2

5.69484
2540

777
1382

Xenon

131.29

54

Xe 5p6

12.12987
5.887

–111.75
–108.04

Iodine

126.90447

53

I 5p5

10.45126
4930

113.7
184.4

Tellurium

127.60

52

Te 5p4

9.0096
6250

449.51
988

Antimony

121.757

51

Sb 5p3

8.64
6684

630.63
1587

Tin

118.710

50

Sn 5p2

7.34381
7280

231.93
2602

Indium

114.818

49

In 5p1

5.78636
7300

156.6
2072

Cadmium

112.411

48

Cd 4d105s2

8.99367
8642

320.9
765

Silver

107.8682

47

Ag 4d105s1

7.57624
10500

961.78
2162

Palladium

106.42

46

Pd 4d10

8.3369
12020

1554.9
2963

Rhodium

102.90550

45

Rh 4d85s1

7.45890
12400

1964
3695

Ruthenium

101.07

44

Ru 4d75s1

7.36050
12300

2334
4150

Technetium

[98]

43

Tc 4d55s2

7.28
11940

2157
4265

Molybdenum

95.94

42

Mo 4d55s1

7.09243
10200

2623
4639

Niobium

92.90638

41

Nb 4d45s1

6.75885
8570
2477
4744

Zirkonium

91.224

40

Zr 4d25s2

6.63390
6490
1855
4409

Yttrium

88.90585

39

Y 4d15s2

6.217
4469
1526
3337

Cesium

132.90543

55

Cs 6s1

3.89390
1873

28.44
671

Barium

137.327

56

Ba 6s2

5.21170
3510

727
1897

Radon

[222]

86

Rn 6p6

10.74850
9.73
–71

–61.7

Astatine

[210]

85

At 6p5

9.0
—

302
337

Polonium

[209]

84

Po 6p4

8.41671
9400

254
962

Bismuth

208.98037

83

Bi 6p3

7.289
9800

271.4
1564

Lead

207.2

82

Pb 6p2

7.41666
11350

327.46
1749

Thallium

204.3833

81

Tl 6p1

6.10829
11850

304
1473

Mercury

200.59

80

Hg 5d106s2

10.43750
13546.2

–38.83
356.73

Gold

196.96654

79

Au 5d106s1

9.22567
19310

1064.18
2856

Platinum

195.08

78

Pt 5d96s1

9.0
21450

1768.4
3825

Iridium

192.22

77

Ir 5d76s2

9.1
22421

2446
4428

Osmium

190.23

76

Os 5d66s2

8.7
22480

3033
5012

Rhenium

186.207

75

Re 5d56s2

7.88
21530

3186
5596

Tungsten

183.84

74

W 5d46s2

7.98
19350

3422
5555

Tantalum

180.9479

73

Ta 5d36s2

7.98
16600

3017
5458

Hafnium

178.49

72

Hf 5d26s2

6.82507
13310

2233
4603

Lanthanum

138.9055

57

La 5d16s2

5.5770
6146

920
3454

Francium

[223]

87

Fr 7s1

4.073
—
27

677

Radium

226.025

88

Ra 7s2

5.27892
5000

700
1140

118117
Livermorium 116

Lv115
Flerovium 114

Fl113
Copernicium

[285]

112

Cn
Roentgenium

[272]

111

Rg 6d9

Darmstadtium

[269]

110

Ds 6d8

Meitnerium

[268]

109

Mt 6d7

Hassium

[269]

108

Hs 6d6

Bohrium

[262]

107

Bh 6d5

Seaborgium

[266]

106

Sg 6d4

Dubnium

[262]

105

Db 6d3

Rutherfordium

[261]

104

Rf 6d2

Actinium

[227]

89

Ac 6d17s2

5.17
10070

1050
3198

Hydrogen

1.00794

1

H 1s2

13.59844
0.0899

–259.34
–252.87

H – symbol
1.00794 – atomic mass
1s1 – electron configuration
13.59844 – 1st ionization potential, eV
0.0899 – density, kg m–3

–259.34 – melting temperature, °C
–252.87 – boiling temperature, °C

s-elements

p-elements

d-elements

f-elements

Cerium

140.115

58

Ce 4f15d1

5.5387
6770

799
3424

Thorium

232.0381

90

Th 6d27s2

6.08
11700

1750
4790

Protactinium

231.03588

91

Pa 5f26d1

5.89
15370

1572
—

Uranium

238.0289

92

U 5f36d1

6.19405
18950

1135
4131

Praseodymium

140.90765

59

Pr 4f3

5.47
6773

931
3510

Neodymium

144.24

60

Nd 4f4

5.525
7008
1016
3066

Neptunium

[237]

93

U 5f46d1

6.2657
20250

644
3902

Promethium

[145]

61

Pm 4f5

5.55
7264
1042
3000

Plutonium

[244]

94

Pu 5f6

6.06
19840

640
3228

Samarium

150.36

62

Sm 4f6

5.6437
7520
1072
1790

Americium

[243]

95

Am 5f7

5.993
13670

1176
2607

Europium

151.965

63

Eu 4f7

5.6704
5244

822
1596

Curium

[247]

96

Cm 5f76d1

6.02
13510

1345
—

Gadolinium

157.25

64

Gd 4f75d1

6.150
7901
1314
3264

Berkelium

[247]

97

Bk 5f9

6.23
14870

1050
—

Terbium

158.92534

65

Tb 4f9

5.8639
8230
1359
3221

Californium

[251]

98

Cf 5f10

6.30
—

900
—

Dysprosium

162.50

66

Dy 4f10

5.9389
8551
1411
2561

Einsteinium

[252]

99

Es 5f11

6.42
—

860
—

Holmium

164.93032

67

Ho 4f11

6.0216
8795
1472
2694

Fermium

[257]

100

Fm 5f12

6.50
—

1527
—

Erbium

167.26

68

Er 4f12

6.1078
9066
1529
2682

Mendelevium

[258]

101

Md 5f13

6.58
—

827
—

Thulium

168.93421

69

Tm 4f13

6.18431
9321
1545
1946

Nobelium

[259]

102

No 5f14

6.65
—

827
—

Ytterbium

173.04

70

Yb 4f14

6.25416
6965

824
1194

Lawrencium

[262]

103

Lr 5f146d1

—
—
—

1627

Lutetium

174.967

71

Lu 4f145d1

5.42585
9841
1663
3393

Lanthanides

Actinides




