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Roentgenium is a chemical element with symbol Rg and atomic number 111. It is an
extremely radioactive synthetic element (an element that can be created in a
laboratory but is not found in nature); the most stable known isotope, roentgenium-
282, has a half-life of 2.1 minutes. Roentgenium was first created in 1994 by the GSI
Helmholtz Centre for Heavy lon Research near Darmstadt, Germany. It is named after
the physicist Wilhelm Rontgen (also spelled Roentgen).

In the periodic table, it is a d-block transactinide element. It is a member of the 7th
period and is placed in the group 11 elements, although no chemical experiments
have been carried out to confirm that it behaves as the heavier homologue to gold in
group 11 as the ninth member of the 6d series of transition metals. Roentgenium is
calculated to have similar properties to its lighter homologues, copper, silver, and
gold, although it may show some differences from them.

Isotopes

Roentgenium has no stable or naturally occurring isotopes. Several radioactive
isotopes have been synthesized in the laboratory, either by fusion of the nuclei of
lighter elements or as intermediate decay products of heavier elements. Seven
different isotopes of roentgenium have been reported with atomic masses 272, 274,
and 278-282, two of which, roentgenium-272 and roentgenium-274, have known but
unconfirmed metastable states. All of these decay through alpha decay or

spontaneous fission.[17]

Stability and half-lives

All roentgenium isotopes are extremely unstable and radioactive; in general, the
heavier isotopes are more stable than the lighter. The most stable known roentgenium

isotope, 282Rg, is also the heaviest known roentgenium isotope; it has a half-life of

2.1 minutes. The isotopes 289Rg and 281Rg have also been reported to have half-lives
over a second. The remaining isotopes have half-lives in the millisecond range.[”] The
undiscovered isotope 287Rg has been predicted to be the most stable towards beta
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decay;[21] however, no known roentgenium isotope has been observed to undergo

beta decay.[17! The unknown isotopes 277Rg and 283Rg are also expected to have long
half-lives of 1 second and 10 minutes respectively. Before their discovery, the isotopes

278Rg, 281Rg, and 282Rg were predicted to have long half-lives of 1 second, 1 minute,
and 4 minutes respectively; however, they were discovered to have shorter half-lives

of 4.2 milliseconds, 17 seconds, and 2.1 minutes respectively.[17]

Predicted properties

Chemical

Roentgenium is the ninth member of the 6d series of transition metals. Since
copernicium (element 112) has been shown to be a transition metal, it is expected

that all the elements from 104 to 112 would form a fourth transition metal series.[22]
Calculations on its ionization potentials and atomic and ionic radii are similar to that of
its lighter homologue gold, thus implying that roentgenium's basic properties will
resemble those of the other group 11 elements, copper, silver, and gold; however, it is

also predicted to show several differences from its lighter homologues.[?]

Roentgenium is predicted to be a noble metal. Based on the most stable oxidation
states of the lighter group 11 elements, roentgenium is predicted to show stable +5,
+3, and —1 oxidation states, with a less stable +1 state. The +3 state is predicted to
be the most stable. Roentgenium(lll) is expected to be of comparable reactivity to
gold(Ill), but should be more stable and form a larger variety of compounds. Gold also
forms a somewhat stable —1 state due to relativistic effects, and roentgenium may do

so as well:[2] the electron affinity of roentgenium is expected to be around 1.6 eV
(37 kcal/mol), significantly lower than gold's value of 2.3 eV (53 kcal/mol), so

roentgenides may not be stable or even possible.[4] The 6d orbitals are destabilized
by relativistic effects and spin-orbit interactions near the end of the fourth transition
metal series, thus makingthe high oxidation state roentgenium(V) more stable than its
lighter homologue gold(V) (known only in one compound) as the 6d electrons
participate in bonding to a greater extent. The spin-orbit interactions stabilize

3rd: 3077.9 kJ/mol
(more) (all

estimated)!?]
empirical: 138 pm
(predicted)!214]

121 pm (estimated)!>!
Miscellanea

Atomic radius

Covalent radius

body-centered cubic
(bce) \

(predicted)!3] ;

Crystal structure

CAS Number 54386-24-2

History
Naming after Wilhelm Rontgen
Discovery Gesellschaft fur

Schwerionenforschung
(1994)

Most stable isotopes of roentgenium

iso NA half- DM DE DP

life (MeV)
282Rgl61syn 2 17 da 9.00 278yt
min
SF
90%
281Rg!71(8] syn 17+§s( °
T 277\t
(10%)
280Rg syn| 3.6s«a 9.75 276yt
279Rg syn| 0.17 s/« 10.37 275\t


https://en.wikipedia.org/wiki/File:Cubic-body-centered.svg
https://en.wikipedia.org/wiki/Molar_ionization_energies_of_the_elements#roentgenium
https://en.wikipedia.org/wiki/Atomic_radius
https://en.wikipedia.org/wiki/Picometre
https://en.wikipedia.org/wiki/Covalent_radius
https://en.wikipedia.org/wiki/Crystal_structure
https://en.wikipedia.org/wiki/Cubic_crystal_system
https://en.wikipedia.org/wiki/CAS_Registry_Number
https://en.wikipedia.org/wiki/Wilhelm_R%C3%B6ntgen
https://en.wikipedia.org/wiki/Timeline_of_chemical_element_discoveries
https://en.wikipedia.org/wiki/Gesellschaft_f%C3%BCr_Schwerionenforschung
https://en.wikipedia.org/wiki/Isotopes_of_roentgenium
https://en.wikipedia.org/wiki/Isotope
https://en.wikipedia.org/wiki/Natural_abundance
https://en.wikipedia.org/wiki/Half-life
https://en.wikipedia.org/wiki/Decay_mode
https://en.wikipedia.org/wiki/Decay_energy
https://en.wikipedia.org/wiki/Electronvolt
https://en.wikipedia.org/wiki/Decay_product
https://en.wikipedia.org/wiki/Synthetic_radioisotope
https://en.wikipedia.org/wiki/Alpha_decay
https://en.wikipedia.org/wiki/Meitnerium-278
https://en.wikipedia.org/wiki/Spontaneous_fission
https://en.wikipedia.org/wiki/Meitnerium-277
https://en.wikipedia.org/wiki/Meitnerium-276
https://en.wikipedia.org/wiki/Meitnerium-275
https://en.wikipedia.org/wiki/Beta_decay
https://en.wikipedia.org/wiki/Transition_metals
https://en.wikipedia.org/wiki/Copernicium
https://en.wikipedia.org/wiki/Rutherfordium
https://en.wikipedia.org/wiki/Ionization_potential
https://en.wikipedia.org/wiki/Atomic_radius
https://en.wikipedia.org/wiki/Ionic_radius
https://en.wikipedia.org/wiki/Gold
https://en.wikipedia.org/wiki/Group_11_element
https://en.wikipedia.org/wiki/Copper
https://en.wikipedia.org/wiki/Silver
https://en.wikipedia.org/wiki/Noble_metal
https://en.wikipedia.org/wiki/Electron_affinity
https://en.wikipedia.org/wiki/Electronvolt
https://en.wikipedia.org/wiki/Kilocalorie_per_mole
https://en.wikipedia.org/wiki/Relativistic_quantum_chemistry
https://en.wikipedia.org/wiki/Spin%E2%80%93orbit_interaction
https://en.wikipedia.org/wiki/Gold(V)_fluoride

molecular roentgenium compounds with more bonding 6d electrons; for example, RgFg is expected to be more stable than RgFy,
which is expected to be more stable than RgF5. Roentgenium(l) is expected to be difficult to obtain.[21[231124]

The probable chemistry of roentgenium has received more interest than that of the two previous elements, meitnerium and
darmstadtium, as the valence s-subshells of the group 11 elements are expected to be relativistically contracted most strongly at

roentgenium.!2! Calculations on the molecular compound RgH show that relativistic effects double the strength of the
roentgenium-hydrogen bond, even though spin-orbit interactions also weaken it by 0.7 eV (16 kcal/mol). The compounds AuX

and RgX, where X = F, Cl, Br, O, Au, or Rg, were also studied.[21[25] Rg+ is predicted to be the softest metal ion, even softer than
Aut, although there is disagreement on whether it would behave as an acid or a base.[261[27] |n gqueous solution, Rg* would
form the aqua ion [Rg(H,0),]", with an Rg-O bond distance of 207.1 pm. It is also expected to form Rg(l) complexes with

ammonia, phosphine, and hydrogen sulfide.[27]

Physical and atomic

Roentgenium is expected to be a solid under normal conditions and to crystallize in the body-centered cubic structure, unlike its
lighter congeners which crystallize in the face-centered cubic structure, due to its being expected to have different electron

charge densities from them.[3! It should be a very heavy metal with a density of around 28.7 g/cm3; in comparison, the densest

known element that has had its density measured, osmium, has a density of only 22.61 g/cm3. This results from roentgenium's
high atomic weight, the lanthanide and actinide contractions, and relativistic effects, although production of enough roentgenium

to measure this quantity would be impractical, and the sample would quickly decay.!?]

The stable group 11 elements, copper, silver, and gold, all have an outer electron configuration nd1%(n+1)s!. For each of these

elements, the first excited state of their atoms has a configuration nd®(n+1)s2. Due to spin-orbit coupling between the d
electrons, this state is split into a pair of energy levels. For copper, the difference in energy between the ground state and lowest
excited state causes the metal to appear reddish. For silver, the energy gap widens and it becomes silvery. However, as the
atomic number increases, the excited levels are stabilized by relativistic effects and in gold the energy gap decreases again and

it appears gold. For roentgenium, calculations indicate that the 6d°7s2 level is stabilized to such an extent that it becomes the
ground state and the 6d107s! |evel becomes the first excited state. The resulting energy difference between the new ground
state and the first excited state is similar to that of silver and roentgenium is expected to be silvery in appearance.lll The atomic
radius of roentgenium is expected to be around 138 pm.[2!

Experimental chemistry
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Unambiguous determination of the chemical characteristics of roentgenium has yet to have been established[?8] due to the low

yields of reactions that produce roentgenium isotopes.l2] For chemical studies to be carried out on a transactinide, at least four
atoms must be produced, the half-life of the isotope used must be at least 1 second, and the rate of production must be at least

one atom per week.[22] Even though the half-life of 281Rg, the most stable known roentgenium isotope, is 26 seconds, long
enough to perform chemical studies, another obstacle is the need to increase the rate of production of roentgenium isotopes and
allow experiments to carry on for weeks or months so that statistically significant results can be obtained. Separation and
detection must be carried out continuously to separate out the roentgenium isotopes and automated systems can then
experiment on the gas-phase and solution chemistry of roentgenium as the yields for heavier elements are predicted to be
smaller than those for lighter elements. However, the experimental chemistry of roentgenium has not received as much attention

as that of the heavier elements from copernicium to livermorium,[21[281[29] despite early interest in theoretical predictions due to
the maximizing of relativistic effects on the ns subshell in group 11 occurring at roentgenium.[?!
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