Livermorium

From Wikipedia, the free encyclopedia

Livermorium is a synthetic superheavy element with symbol Lv and atomic number
116. It is an extremely radioactive element that has only been created in the
laboratory and has not been observed in nature. The element is named after the
Lawrence Livermore National Laboratory in the United States, which collaborated with
the Joint Institute for Nuclear Research in Dubna, Russia to discover livermorium in
2000. The name of the laboratory refers to the city of Livermore, California where it is
located, which in turn was named after the rancher and landowner Robert Livermore.

The name was adopted by IUPAC on May 30, 2012.[3 Four isotopes of livermorium are
known, with mass numbers between 290 and 293 inclusive; the longest-lived among
them is livermorium-293 with a half-life of about 60 milliseconds.

In the periodic table, it is a p-block transactinide element. It is a member of the 7th
period and is placed in group 16 as the heaviest chalcogen, although it has not been
confirmed to behave as the heavier homologue to the chalcogen polonium.
Livermorium is calculated to have some similar properties to its lighter homologues
(oxygen, sulfur, selenium, tellurium, and polonium), and be a post-transition metal,
although it should also show several major differences from them.

Predicted properties

Nuclear stability and isotopes

Livermorium is expected to be near an island of stability centered on copernicium
(element 112) and flerovium (element 114). The reasons for the presence of this

island are still not well understood.[281129] Dye to the expected high fission barriers,
any nucleus within this island of stability exclusively decays by alpha decay and

perhaps some electron capture and beta decay.[3! While the known isotopes of
livermorium do not actually have enough neutrons to be on the island of stability,
they can be seen to approach the island as in general, the heavier isotopes are the

longer-lived ones.[121116]

Livermorium,

116LV

General properties

Name, symbol

livermorium, Lv

Livermorium in the periodic table

Atomic number (2)
Group, block

Period
Element category

Standard atomic
weight (A,)

Electron
configuration

per shell

116

group 16 (chalcogens),
p-block

period 7

unknown, but probably
a post-transition metal

[293]

[Rn] 5f14 6d10 752 7p*
(predicted)!]

2,8,18,32,32,18,6
(predicted)

Physical properties

Phase

Melting point

Boiling point

Density near r.t.

solid (predicted)!1112]

637-780 K (364-
507 °C, 687-944 °F)

(extrapolated)!?!

1035-1135 K(762-
862 °C, 1403-1583 °F)

(extrapolated)!?]

12.9 g/cm3
(predicted)!]
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Superheavy elements are produced by nuclear fusion. These fusion reactions can be

divided into "hot" and "cold" fusion,[@] depending on the excitation energy of the
compound nucleus produced. In hot fusion reactions, very light, high-energy
projectiles are accelerated toward very heavy targets (actinides), giving rise to
compound nuclei at high excitation energy (~40-50 MeV) that may either fission or

evaporate several (3 to 5) neutrons.[31! |n cold fusion reactions (which use heavier
projectiles, typically from the fourth period, and lighter targets, usually lead and
bismuth), the produced fused nuclei have a relatively low excitation energy (~10-20
MeV), which decreases the probability that these products will undergo fission
reactions. As the fused nuclei cool to the ground state, they require emission of only
one or two neutrons. Hot fusion reactions tend to produce more neutron-rich products
because the actinides have the highest neutron-to-proton ratios of any elements that

can presently be made in macroscopic quantities.[32]

Important information could be gained regarding the properties of superheavy nuclei
by the synthesis of more livermorium isotopes, specifically those with a few neutrons
more or less than the known ones - 2861y, 287y, 288|y, 289y, 294|y and 29°Lv. This
is possible because there are many reasonably long-lived isotopes of curium that can
be used to make a target.[28] The light isotopes can be made by fusing curium-243
with calcium-48. They would undergo a chain of alpha decays, ending at transactinide
isotopes that are too light to achieve by hot fusion and too heavy to be produced by

cold fusion.[28]

The synthesis of 294Lv and 29°Lv could be accomplished by fusing the heavy curium
isotope curium-250 with calcium-48. The cross section of this nuclear reaction would

be about 1 picobarn.[28] After a few alpha decays, these livermorium isotopes would
reach nuclides at the line of beta stability. Additionally, electron capture may also
become an important decay mode in this region, allowing affected nuclei to reach the

middle of the island. For example, 2°9°Lv would alpha decay to 2°1FI, which would

undergo successive electron capture to 221Nh and then 221Cn which is expected to be
in the middle of the island of stability and have a half-life of about 1200 years,
affording the most likely hope of reaching the middle of the island using current
technology. A drawback is that the decay properties of superheavy nuclei this close to

the line of beta stability are largely unexplored.[28]

Heat of fusion 7.61 kJ/mol
(extrapolated)!?]

Heat of 42 k)/mol

vaporization (predicted)!3]

Atomic properties

Oxidation states 214142 +4
(predicted)!1]

lonization 1st: 723.6 kJ/mol

energies (predicted)!1]

2nd: 1331.5 kJ/mol

(predicted)!3]
3rd: 2846.3 kJ/mol

(predicted)!3]
(more)

Atomic radius empirical: 183 pm
(predicted)!3!

Covalent radius 162-166 pm
(extrapolated)!?!

Miscellanea

CAS Number 54100-71-9
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Most stable isotopes of livermorium
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Other possibilities to synthesize nuclei on the island of stability include quasifission iso | NA | half-life DM DE (Mev)  DP
(partial fusion followed by fission) of a massive nucleus.!33! Such nuclei tend to

L . : : ; 293 v/ Syn 61 ms a 10.54 289
fission, expelling doubly magic or nearly doubly magic fragments such as calcium-40, Lv| Y Fi
tin-132, lead-208, or bismuth-209.1341 Recently it has been shown that the multi- 292y syn| 18 msja 110.66 288F|
nucleon transfer reactions in collisions of actinide nuclei (such as uranium and 291 \, syn 18 msja |10.74 287F|
curium) might be used to synthesize the neutron-rich superheavy nuclei located at

290y, syn 7.1msa 10.84 286F|

the island of stability,[33] although formation of the lighter elements nobelium or

seaborgium is more favored.[28] One last possibility to synthesize isotopes
near the island is to use controlled nuclear explosions to create a neutron

flux high enough to bypass the gaps of instability at 2°8-260Fm and at mass
number 275 (atomic numbers 104 to 108), mimicking the r-process in which
the actinides were first produced in nature and the gap of instability around

radon bypassed.[28] Some such isotopes (especially 292Cn and 293Cn) may
even have been synthesized in nature, but would have decayed away far
too quickly (with half-lives of only thousands of years) and be produced in

far too small quantities (about 10712 the abundance of lead) to be
detectable as primordial nuclides today outside cosmic rays.[28!

The expected location of the island of stability is
marked by the white circle. The dotted line is the line of

Physical and atomic beta stability.

In the periodic table, livermorium is a member of group 16, the chalcogens,
in the periodic table, below oxygen, sulfur, selenium, tellurium, and polonium. Every previous chalcogen has six electrons in its

valence shell, forming a valence electron configuration of ns2np?. In livermorium's case, the trend should be continued and the

valence electron configuration is predicted to be 7s27p%;!1! therefore, livermorium will have some similarities to its lighter
congeners. Differences are likely to arise; a large contributing effect is the spin-orbit (SO) interaction—the mutual interaction
between the electrons' motion and spin. It is especially strong for the superheavy elements, because their electrons move much

faster than in lighter atoms, at velocities comparable to the speed of light.[4] In relation to livermorium atoms, it lowers the 7s
and the 7p electron energy levels (stabilizing the corresponding electrons), but two of the 7p electron energy levels are stabilized

more than the other four.[3%] The stabilization of the 7s electrons is called the inert pair effect, and the effect "tearing" the 7p
subshell into the more stabilized and the less stabilized parts is called subshell splitting. Computation chemists see the split as a

change of the second (azimuthal) quantum number / from 1 to 1% and 34 for the more stabilized and less stabilized parts of the
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7p subshell, respectively: the 7p;,; subshell acts as a second inert pair, though not as inert as the 7s electrons, while the 7p3);

subshell can easily participate in chemistry.[}[4]b] For many theoretical purposes, the valence electron configuration may be
represented to reflect the 7p subshell split as 7s°7p3,7p3/;.[1]

The inert pair effects in livermorium should be even stronger than for polonium and hence the +2 oxidation state becomes more
stable than the +4 state, which would be stabilized only by the most electronegative ligands; this is reflected in the expected
ionization energies of livermorium, where there are large gaps between the second and third ionization energies (corresponding

to the breaching of the unreactive 7p;,, shell) and fourth and fifth ionization energies.[3] Indeed, the 7s electrons are expected to
be so inert that the +6 state will not be possible to attain.[] The melting and boiling points of livermorium are expected to
continue the trends down the chalcogens; thus livermorium should melt at a higher temperature than polonium, but boil at a
lower temperature.l?] It should also be denser than polonium (Lv: 12.9 g/cm3; a-Po: 9.2 g/cm?3).[3! The electron of the hydrogen-

like livermorium atom (oxidized so that it only has one electron, Lv11>*) is expected to move so fast that it has a mass 1.86 times
that of a stationary electron, due to relativistic effects. For comparison, the figures for hydrogen-like polonium and tellurium are

expected to be 1.26 and 1.080 respectively.l4]

Chemical

Livermorium is projected to be the fourth member of the 7p series of chemical elements and the heaviest member of group 16
(VIA) in the Periodic Table, below polonium. While it is the least theoretically studied of the 7p elements, its chemistry is expected

to be quite similar to that of polonium.!3] The group oxidation state of +6 is known for all the chalcogens apart from oxygen
which lacks available d-orbitals for expansion of its octet and is itself one of the strongest oxidizing agents among the chemical
elements. Oxygen is thus limited to a maximum +2 state, exhibited in the fluoride OF,. The +4 state is known for sulfur,

selenium, tellurium, and polonium, undergoing a shift in stability from reducing for sulfur(lV) and selenium(IlV) through being the
most stable state for tellurium(lV) to being oxidizing in polonium(IlV). This suggests a decreasing stability for the higher oxidation

states as the group is descended due to the increasing importance of relativistic effects, especially the inert pair effect.[4] The
most stable oxidation state of livermorium should thus be +2, with a rather unstable +4 state. The +2 state should be about as
easy to form as it is for beryllium and magnesium, and the +4 state should only be achieved with strongly electronegative

ligands, such as in livermorium(lV) fluoride (LvF4).[1] The +6 state should not exist at all due to the very strong stabilization of the

7s electrons, making the valence core of livermorium only four electrons.[3! The lighter chalcogens are also known to form a —2
state as oxide, sulfide, selenide, telluride, and polonide; due to the destabilization of livermorium's 7p3,, subshell, the —2 state

should be very unstable for livermorium, whose chemistry should be essentially cationic,[1! though the larger subshell and spinor
energy splittings of livermorium as compared to polonium should stabilize Lv2~ slightly.[4]
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Livermorane (LvH,) would be the heaviest chalcogen hydride and the heaviest homolog of water (the lighter ones being H5S,
H->Se, H,Te, and PoH,). Polane (polonium hydride) is a more covalent compound than most metal hydrides because polonium
straddles the border between metals and metalloids and has some nonmetallic properties: it is intermediate between a hydrogen
halide like hydrogen chloride (HCI) and a metal hydride like stannane (SnH,). Livermorane should continue this trend: it should be

a hydride rather than a livermoride, but would still be a covalent molecular compound.[36] Spin-orbit interactions are expected to
make the Lv-H bond longer than expected simply from periodic trends alone, and make the H-Lv-H bond angle larger than
expected: this is theorized to be because the unoccupied 8s orbitals are relatively low in energy and can hybridize with the

valence 7p orbitals of livermorium.[36] This phenomenon, dubbed "supervalent hybridization",[30] is however not particularly
uncommon in non-relativistic regions in the periodic table; for example, molecular calcium difluoride has 4s and 3d involvement

from the calcium atom.[37] The heavier livermorium dihalides are predicted to be linear, but the lighter ones are predicted to be
bent.[38]

Experimental chemistry

Unambiguous determination of the chemical characteristics of livermorium has not yet been established.[391140] |n 2011,
experiments were conducted to create nihonium, flerovium, and moscovium isotopes in the reactions between calcium-48
projectiles and targets of americium-243 and plutonium-244. The targets included lead and bismuth impurities and hence some
isotopes of bismuth and polonium were generated in nucleon transfer reactions. This, while an unforeseen complication, could
give information that would help in the future chemical investigation of the heavier homologs of bismuth and polonium, which are

respectively moscovium and livermorium.!4% The produced nuclides bismuth-213 and polonium-212m were transported as the
hydrides 213BiH5 and 212MPoH, at 850 °C through a quartz wool filter unit held with tantalum, showing that these hydrides were
surprisingly thermally stable, although their heavier congeners McH3 and LvH, would be expected to be less thermally stable
from simple extrapolation of periodic trends in the p-block.[49] Further calculations on the stability and electronic structure of
BiH3, McH3, PoH,, and LvH, are needed before chemical investigations take place. Moscovium and livermorium are expected to

be volatile enough as pure elements for them to be chemically investigated in the near future, a property livermorium would then
share with its lighter congener polonium. The chief barrier to their chemical investigation at present is the lack of known isotopes

of these elements which are long-lived enough, with only 289Mc being barely usable with current methods.[40!
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