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Spontaneous fission half-lives for

ground-state nuclides*
(Technical Report)

Abstract Measurements of the spontaneous fission half-lives of nuclides of ele-
mentsZ = 82 through 109 have been compiled (cutoff date of April 1998) and eval-
uated. Recommended values are tabulated along with total half-lives.

INTRODUCTION

Spontaneous fission (SF), a phenomenon exhibited by heavy nuclei, was discovered over 50%ears ago
There is interest in spontaneous fission because it can be a major mode of decay of nuclei heavier than
thorium and can be a determining factor in their stability and will ultimately limit the number of new
chemical elements that can exist. It also provides the opportunity for studying the fission process with
no added excitation energy, and is more sensitive than induced fission to shell effects and relatively
small changes in nuclear structure in both the fissioning nucleus and the fission fragments. Although
SF half-lives generally decrease with increasing atomic number, there is an overlapping of half-life val-
ues. There are also large hindrance factors associated with the decay of odd-neutron or odd-proton
nucleP.

Other important modes of decay for heavy nuclei are alpha- and beta-particle decay and electron
capture. In some of these nuclei, a decay mode called heavy fragment érmasialso occur. Where
possible, corrections have been made for heavy fragment emission but it will not be considered further
in this paper. In addition, excited states of some heavy nuclei may decay via spontaneous fission. These
so-called fission isomers will not be discussed hdtkectron-capture (EC) or beta-delayed fission is a
process in which prompt fission of a sufficiently excited daughter state occurs following population by
EC or beta decay. The fission activity will appear to decay with the half-life of the parent and was ear-
lier confused in some cases with SF. This process has been discussed in detail in a previ6andeview
will not be considered in this paper.

ANALYSIS

All of the various experiments have been reanalyzed, and recommended half-life values for spontaneous
fission are presented (see Tables | to CXXV) for over 100 nuclei of elements that range frafrelead (

82) through meitneriunZ(= 109). An attempt has been made to revise values based on the latest param-
eters. If then-particle to spontaneous fission decay ratio has been measured, the spontaneous fission
half-life is revised based on the latest value of the total half-life of that nfy¢tilemay not agree with

that value as reported by the author. In cases where it is possible to do so, the uncertainty is calculated
from a weighted average of listed measurements using a variance weighting technique, either the recip-
rocal square of the author’s reported uncertainty or as revised. Exceptions to the weighted average rule
had to be made for some nuclides.

In such cases, recommendations were made using either a selected value considered superior to
other listed measurements, or a weighted average was calculated for each of the different experimental
techniques used and an unweighted average of these half-lives was recommended. All tables indicate
the particular method chosen. A summary of the recommended spontaneous fission and total half-lives
is presented in Table CXXVI.

*This work was supported in part by the U.S. Department of Energy under Contracts DE-AC02-76CH00016 and DE-ACO03-
76SF00098.
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Spontaneous fission half-lives for ground-state nuclides 1527

DISCUSSION OF RESULTS

For 2%, all measurements were performed and reported as specific activity for one gram of material.
The results have been converted to half-lives to be consistent with recommendations for all other
nuclides.

There is a special problem with the case of spontaneous fissiStJifthe measurements of fis-
sion tracks in mica-uranium, lexan uranium sandwiches or in ordinary glass, which is not dated, have
had problems. The half-life derived in these cases does not agree with the values derived from other
techniques. The specific activity, in general, is lower, and the half-life is larger than for other techniques.
There can be a number of reasons for the lower specific activity. These can include partial fission track
fading, poor thermal neutron dosimetry, and dating of samples of known age with the external detector
technique. Some details on the fission track fading problem, which was ignored in the first of the meas-
urements in the 1960s, are that the fading can now be established from the reduced size of the etched
tracks, but an unambiguous method for correcting the age reduction due to fading is not yet developed.

The determination of th€U reaction rate often involves dating work using pre-irradiated NBS-
SRM glasses, which have poor dosimetry. In addition, the use of monitors other than Au or Co and fail-
ure to account for epithermal activation or neutron flux gradients in the irradiation facility are errors that
can lead to incorrect values.

Finally, using external detectors can be unreliable due to significant differences in the track rev-
elation efficiency between the mineral to be dated and the external detector used for registering the
induced tracks. In most dating work, a determination of the track revelation efficiency is not carried out.
As the detection efficiency of the external detector is commonly higher than that of the mineral to be
dated, too low a spontaneous fissfofU/?°U induced track density ratio will be measured, which
needs to be compensated for by a lof¥& specific activity to find the right age of the sample.

The result is that although the larger half-life value is probably consistent for use in dating min-
erals and other materials, it is not useful for determining the correct spontaneous fission haitiife of
for Table XI.

NOTE

Half-life units in decimal notation for the tables are pus = $§6conds, ms = I®seconds, s = seconds,
min = minutes, h = hours, d = days and a = years.

ACKNOWLEDGMENTS

Helpful discussion on the subject of tH8U specific activity problem with Peter van der Haute at
Rijksuniversiteit Gent, Belgium is hereby acknowledged.

TEXT REFERENCES

a. K. A. Petrzhak, G. N. FlerodETP (Sov. Phys10, 1013 (1940).

b. D. C. Hoffman, M. R. LandRadiochim. Act&0/71, 135 (1995); D. C. Hoffman, T. M. Hamilton,
M. R. Lane. “Spontaneous Fission”, pp. 393-432, Chapter Madgtear Decay Modesnstitute
of Physics Publishing, Bristol and Philadelphia (1996).

c. H.J.Rose, G. A. Jondsature307, 245 (1984); D. Hasegan, S. P. Tretyak®aaticle Emission
from Nuclej Vol II, Chap. 9, pp 234-257, CRC Press, Boca Raton, FL (1989).

d. D.N. Poenaru, M. S. lvascu, D. Mazilu. “Fission Isomers”, p 41-61, Chapter 3. VBiss$ibn
and Beta-Delayed Modes, (1989) in Particle Emission from NUCRC Press, Boca Raton, FL
(1989).

e. H.L.Hall D. C. HoffmanAnnu. Rev. Nucl. Part. Se&3, 147 (1992).

© 2000 IUPAC, Pure and Applied Chemistry 72, 1525-1562



1528 N. E. HOLDEN AND D. C. HOFFMAN

f. N. E. Holden. Table of the Isotopes @RC Handbook of Chemistry and Physiz§" ed.
1998-1999, section Xl, pp. 41-149, (revised 1998) and revisions, CRC Press Inc., Boca Raton,
FL (1998).

TABULATED RESULTS

Table | Spontaneous fission half-life 8¥Pb.

Reference As Reported

Author (Year) ty,/ 10”a Comments
Zakharova (1995) =2 Mica track detectors
Recommended value t;,22x10%a Selected value

Table Il Spontaneous fission half-life 6i°Th.

Reference As Reported

Author (Year) ty,/ 10%a Comments

Segré (1952) > 0.15 lonization chamber; not used
Tretyakovd (1985) > 2. Corrected for cluster decay
Recommended value t;,>2x10%a Selected value

Table Il Spontaneous fission half-life ¥Th.

Reference As Reported

Author (Year) ty,/ 107 a Comments

Segré (1952) > 0.0014 lonization chamber
Podguskay’(1955) >0.1 lonization chamber

FleroV’ (1958) > 1. Fission fragment proportional chamber
Spadavecchfy1967) >1.0+£0.3 Rotating bubble chamber

Emmd (1975) >0.7 Mica-thorium sandwich

Bonettf (1995) 1.22 +0.43 Nucl. track det. corrected cluster decay

Recommended value t;,= (1.2 £ 0.4)x 10?*a Selected value

Table IV Spontaneous fission half-life 6f'Pa.

Reference As Reported

Author (Year) ty,/ 107 a Comments

Segré (1952) >0.11 lonization chamber; not used
Sandulescli(1984) > 2. Fission fragment track detector
Recommended value t;,>2x10"a Selected value

Table V Spontaneous fission half-life 61°U.

Reference As Reported

Author (Year) t,/ 10° a Comments
Spadavecchfa(1967) > 4, Rotating bubble chamber
Recommended value t;,>4x10%a Selected value
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Table VI Spontaneous fission half-life 6¥°U.

Reference As Reported

Author (Year) ty,/ 10°a Comments

Jaffey!® (1951) 0.08 + 0.055 Unpublished; quoted by Hyde

Segré (1952) > 0.008 lonization chamber; not used

Bonetti! (1990) > 6.84 Solid-state track detection; corrected cluster decay

Recommended value t;,>6.8x10%a

Selected value

Table VII Spontaneous fission half-life 6FU.

Reference As Reported

Author (Year) t,,/ 107 a Comments

Segré (1952) >27 lonization chamber

Aleksandrov? (1966) 1.2+0.3 Namention of correction fof*3. Just 0.03% of
233 could account for the discrepancy with other
measurments.

von Gunter® (1981) >27 97.11% enriched; rotating bubble chamber;

Recommended value ty,>2.7x 107 a

corrected for theg(;n,f) reaction
Selected value

Table VIII Spontaneous fission half-life 61'U.

Reference As Revised

Author (Year) ty,/ 10%a Comments

Segré (1952) > 0.6 lonization chamber; not used

Ghiorsd* (1952) 1.6 £0.7 Revised value; ionization chamber; not used

von Gunteft® (1981) 1.42 +0.08 99.36% enriched; rotating bubble chamber;
corrected for theo(,n,f) reaction

Wang'® (1987) 1.9+0.15 99.84% enriched; phosphate glass deté&tdr;

Recommended value

ty = (1.5 £ 0.2)x 10'%a

corrected for; revised uncertainty by 50% for
overestimate of zenith angle of fission fragments
Weighted average

Table 1X Spontaneous fission half-life 67°U.

Reference As Reported

Author (Year) ty,/ 108 a Comments

Segré (1952) 0.18 lonization chamber; not used

Aleksandrov? (1966) 0.35 +£0.09 Fission track detectors; not used

Griitter'® (1973) >1.8 Rotating bubble chamber; no corrections; not used
von Gunteft (1981) 9.8 +£238 99.76% enriched; rotating bubble chamber;

Recommended value

t;»= (1.0 £0.3)x 10°a

corrected for theo(;n,f) reaction
Selected value

© 2000 IUPAC, Pure and Applied Chemistry 72, 1525-1562
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Table X Spontaneous fission half-life 61°U.

N. E. HOLDEN AND D. C. HOFFMAN

Reference As Reported

Author (Year) t,,/ 10 a Comments

Jaffey’ (1949) 2.+1.6 Unpublished; quoted by Hyte

Condé® (1971) 2.7+03 ACU) 1 A(RU) = 0.30 £ 0.03

von Guntefy (1981) 2.43+0.13 99.68% enriched; rotating bubble chamber;
corrected for theo(;n,f) reaction

Belenky”® (1983) 2.7+04 Multiple neutron coincidence

Recommended value t;p=(2.5+0.1)x 10%a

Weighted average

Table XI Spontaneous fission half-life 6tU.

Reference As Reported / (1bal)

Author (Year) Specific Activity Comments

Whitehous& (1950) 8.38 + 0.52 lonization chamber

Segré (1952) 8.60 + 0.29 lonization chamber

Fleische?! (1964) 6.85 £ 0.20 Mica-uranium sandwich; not used
Robert$? (1968) 7.03 £0.11 Mica-uranium sandwich; not used
Spadavecchfx(1967) 8.42 +0.10 Rotating bubble chamber

von Guntef® (1969) 8.66 + 0.22 Fission products fréfiu

Galliker* (1970) 8.46 +0.06 Rotating bubble chamber

Storzef® (1970) 8.49 £ 0.76 Fission tracks in dated uranium glass
Kleemart® (1971) 6.8 £0.6 Lexan-uranium sandwich; not used
Thury?” (1971) 8.66 + 0.43 Third order coincidence

Leme® (1971) 7.30+0.16 Mica-uranium sandwich; not used
Khar?® (1973) 6.82 +0.55 Mica-uranium sandwich; not used
Ivanov’® (1975) 7.12£0.32 Mica-uranium sandwich; not used
Emmd (1975) 7.2 £0.2 Mica-uranium sandwich; not used
Wagnef! (1975) 8.7 0.6 Fission tracks in dated uranium glass
Thiel’? (1976) 8.57 £0.42 Fission tracks in dated uranium glass
Kas€® (1978) 8.22 +0.20 lonization chamber

Popekd* (1980) 79 £0.4 Multiple neutron coincidence
Spaggiari® (1980) 9.26 +0.17 Mica-uranium sandwich; not used
Baptista® (1981) 6.6 +0.2 Mica-uranium sandwich; not used
HadleF” (1981) 86 04 Mica-uranium sandwich; not used

de Carvalhd® (1982) 11.8+0.7 Fission tracks in ordinary glass; not used
Belenky"® (1983) 8.35 + 0.40 Multiple neutron coincidence
Vartaniari® (1984) 8.23+0.43 Fission tracks (plastic, uranium foils); not used
Ivanov*® (1985) 8.29 £ 0.27 Double ionization chamber

Liu* (1991) 7.03+0.21 Solid-state track detectors; not used

Recommended half-life value t;,= (8.2 +0.1)x 10"°a

Unweighted average of techniques

Table XIlI Spontaneous fission half-life 6'Np.

Reference As Reported
Author (Year) t,,/ 108 a Comments
Druin*? (1961) > 1. Nuclear photographic emulsion

Recommended value ty,>1%x10%a

Selected value

© 2000 IUPAC, Pure and Applied Chemistry 72, 1525-1562
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Table XIll Spontaneous fission half-life 61%Pu.

Reference As Revised

Author (Year) t,/ 10 a Comments

Ghiorsd* (1952) 34 +1.2 Revised value; ionization chamber; not used
Selickij*® (1988) 2.09 + 0.06 Two sources; fragment detectiormig@ometry
Ogloblin** (1990) 1.36 £ 0.20 Solid-state track detector; reported by Hussofthois
Hussonnoi® (1995) 1.13+0.1 Solid-state track detector; corrected cluster decay

Recommended value

t;p=(1.5+0.3)x 10°a

Unweighted average value

Table XIV Spontaneous fission half-life 61Pu.

Reference As Revised

Author (Year) ty,/ 10°a Comments

Segré (1952) 3.8 Revised value; ionization chamber; not used

Jaffey® (1949) 47 +0.6 Revised value;

Druin*? (1961) 5.1 £+0.6 Revised value; nuclear photographic emulsions

Hastings’ (1972) 4.77 +0.14 Ag ! A= 5.43% 1P, silicon surface barrier
detectors

Gay*® (1975) 4.63+0.12 Fission fragment coincidences in mica

Selickij*® (1988) 5.01+0.21 4 sources; fragment detectiormig@metry

Recommended value

ty, = (4.75 £ 0.09% 10%° a

Weighted average

Table XV Spontaneous fission half-life 6°Pu.

Reference As Reported

Author (Year) t,,/ 10%°a Comments

Segré (1952) 5.5 lonization chamber; not used
Druzhinirf® (1985) 7.8+1.6 AlAy = 3.1£0.6x1012

Recommended value

typ= (8. £2)x 10%a

Selected value

Table XVI Spontaneous fission half-life 61%Pu.

Reference As Revised

Author (Year) t,,/ 101 a Comments

Kindermanri® (1953) 1.314 £ 0.026 Low geometoycounting; not used

Barclay* (1954) 1.225 +0.030 Low geometoycounting; not used
Chamberlaif? (1954) 1.20 Low geometrg counting; not used

Mikheev® (1959) 1.20 a counting; gas scintillator; not used

Watt* (1962) 1.34 +£0.015 Low geometoycounting; not used

Malkin®® (1963) 1.45 +0.02 a counting; gas scintillator; not used

White®® (1967) 1.27 +0.05 No details available; not used

Fieldhous&’ (1967) 1.176 + 0.025 Revised; spont. fiss. neutron emission rates
Budtz-Jorgenséf (1980) 1.15 £0.03 Fragment spectra; ionization chamber
Androsenkd® (1984) 1.15 +0.03 Spontaneous fission neutron emission rates
Selickij*® (1988) 1.17 +£0.03 2 sources; fragment detectiormigé€ometry
Dytlewski® (1989) 1.12 +0.02 Neut.coincid. + losvgeometry counting
Ivanov! (1991) 1.15 #£0.02 A¢ | Ay in two 2*%Pu standards

Recommended value

ty,=(1.14 £0.01x 10" a

Weighted average

© 2000 IUPAC, Pure and Applied Chemistry 72, 1525-1562
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Table XVII Spontaneous fission half-life 8tPu.

N. E. HOLDEN AND D. C. HOFFMAN

Reference As Reported
Author (Year) t,,/ 10 a Comments
Druzhinirf*® (1985) <6. Ag ! Ap =104

Recommended value ty,<6.x10%a

Selected value

Table XVIII Spontaneous fission half-life é1%Pu.

Reference As Revised

Author (Year) t,,/ 10°a Comments

Studief? (1956) 6.7+0.7 Quoted by Meth

Butler® (1956) 6.65 + 0.10 Aq ! A, rel. totalt,, = 3.73x 10° a

MecH? (1956) 6.79 +£0.19 Revised value figp(a) of 24%Pu

Druin*? (1961) 6.6 0.7 gas scintillator; relativetig(a) of 2%%Pu
Malkin®® (1963) 7.45 £0.17 gas scintillator; specific activity
Meadow§* (1977) 6.74 +0.05 Aq ! A rel. totalty, (*3%Pu) = 24 290. a
Kharf® (1980) 7.43 Mica fission track detector; not used
Selickij*® (1988) 6.86 + 0.26 Fission fragment detection ing2ometry

Recommended value ty,= (6.77 £0.07x 10°a

Weighted average

Table XIX Spontaneous fission half-life 6f4Pu.

Reference As Revised

Author (Year) ty,/ 10°a Comments

Field$® (1955) 25+0.8 lonization chamber; not used

Field$’ (1966) 6.67 £ 0.32 Revised value

Gokhber§® (1977) 6.8+0.8 No details

Kharf® (1980) 7.32 Fission track detector; not used

Moore®® (1982) 6.56 + 0.30 lonization chambercounting;a spectrometry

Recommended value ty,= (6.6 £0.2)x 10 a

Weighted average

Table XX Spontaneous fission half-life 61*Am.

Reference As Reported

Author (Year) t,,/ 10%a Comments

Segré (1952) >0.14 lonization chamber; not used
Mikheev’® (1960) > 2. Gas scintillator; not used
Druin’ (1961) 2.3+0.8 Gas scintillator

Galliker** (1970) 0.90 + 0.04 Rotating bubble chamber
Gold™ (1970) 1.147 £0.024 Mica fission track detector
Paul? (1986) 1.8+0.4 Mica fission track detector
Moody"® (1987) 0.64 Phosphate glass track detector
Kukushkir’* (1993) 1.2+0.6 Xe gas scintillator

Recommended value ti,= (1.2 £0.3)x 10 a

Unweighted average of techniques

© 2000 IUPAC, Pure and Applied Chemistry 72, 1525-1562
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Table XXI Spontaneous fission half-life 6*2"Am.

1533

Reference As Revised

Author (Year) t,,/ 10%a Comments

Caldwell® (1967) 1.0+04 Revised; neut.ffiss. frag. coincidence; not used
ZelenkoV® (1986) >3.0 Silicon surface barrier detectors{ A , <1078

Recommended value t,,> 3.x 102 a

Selected value

Table XXII Spontaneous fission half-life Am.

Reference As Reported

Author (Year) t,/ 10%a Comments

Aleksandrov’ (1966) >0.33+0.03 Glass fission track detector
Gvozdev® (1966) 2.205 Glass fission track detector

Recommended value t,p= (2. £ 0.5)x 10 a

Selected value

Table XXIII Spontaneous fission half-life 6f%Cm.

Reference As Reported
Author (Year) ty,/ 10 a Comments
Ghiorsd* (1952) 1.9+0.4 lonization chamber

Recommended value tp= (1.9 +0.4)x 1P a

Selected value

Table XXIV Spontaneous fission half-life 4%%Cm.

Reference As Revised
Author (Year) ty,/ 10 a Comments
Hannd® (1951) 7.2 £0.2 Fission fragment counting, ionization chamber
Armanf® (1967) 6.82 £0.18 Revised value; Li-I fission neutron counting
Zhand* (1979) 7.46 £ 0.06 Mica fission track detector
Raghuramaft (1982) 7.15+0.15 Solid state track detector
Umezaw&® (1982) 6.89 +0.17 Mica fiss track det.; not used see Usuda
ZelenkoV® (1986) 6.98 + 0.33 Revised valug; / A , = (6.4 + 0.3)x 10°®

Silicon surface barrier detectors
Usud&* (1989) 6.96 +0.18 Mica fission track detector

Recommended value t;,= (7.0 £0.2)x 1P a

Selected value; uncertainty covers the range of
the most recent measurements

Table XXV Spontaneous fission half-life 45Cm.

Reference As Revised
Author (Year) t,,/ 10 a Comments
Polynov® (1987) 55+0.9 Mica fission track detector

Recommended value t;,=(5.5+0.9)x 10 a

Selected value
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Table XXVI Spontaneous fission half-life Cm.

N. E. HOLDEN AND D. C. HOFFMAN

Reference As Revised

Author (Year) t,/ 10" a Comments

Ghiorsd* (1952) 1.39 £ 0.20 Revised value; ionization chamber

Malkin® (1963) 1.46 £ 0.05 Gas scintillator

Mettef” (1965) 1.346 + 0.006 Aol Ay =(7.43 £0.01x 10°

Armanf® (1967) 1.33+0.03 Li-1 fission neutron counter

Bartorf® (1970) 1.250 + 0.007 Low geometry fission fragment counting

Hasting&® (1972) 1.343 + 0.006 Silicon surface barrier deteciqyy A ¢, rel.ty,
(total) = 18.099 a

Pandey® (1990) 1.263 +0.025 CR-39 fission track detectok;, / A; = 6.98x 10°

Recommended value ty = (1.32 £ 0.02)x 10" a

Weighted average

Table XXVII Spontaneous fission half-life 6©°Cm.

Reference As Reported
Author (Year) t,/ 10%a Comments
DruzhinirP* (1985) 1.4+£0.2 Aol A;ratio

Recommended value ty,= (1.4 £0.2)x 102 a

Selected value

Table XXVIII Spontaneous fission half-life 6f%Cm.

Reference As Reported

Author (Year) ty,/ 10°a Comments

Fields? (1956) >1.24 Estimated frovh, / A ; ratio; not used

Fried®® (1956) 2.0+0.8 fission counting; estimated mass; not used
Mette* (1969) 1.80 £ 0.01 f chamber, semi-conductot;, / A; = 3822 + 10
MacMurdd® (1971) 1.85+£0.02 AqlA;=3833+£32

Recommended value ty, = (1.81 £ 0.02x 10" a

Weighted average

Table XXIX Spontaneous fission half-life 4fCm.

Reference As Reported

Author (Year) ty,/ 10 a Comments

Butler®® (1956) 46+05 specific fission activity; not used

Mette* (1969) 422 +0.12 f chamber, semi-conductor;, / A;=11.0+0.3
MacMurdd® (1971) 4.20 +0.05 Relative activity f6"Cm

McCrackefd” (1971) 4.115 £ 0.034 Specific fission activity; ionization chamber

Recommended value ty, = (4.15 £ 0.03x 10° a

Weighted average

Table XXX Spontaneous fission half-life 61%Cm.

Reference As Reported

Author (Year) ty,/ 10°a Comments

Huizeng&® (1957) 2.3 Estimated value; not used

CRG» (1966) 1.74 +0.24 Preliminary “Par” bomb shot results; not used
Mettal® (1967) 1.13 £0.05 lonization chamber; “Par” bomb shot results

Recommended value t;,= (1.13 £ 0.05x 10* a

Selected value
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Reference As Reported

Author (Year) t,/ 10 a Comments

Magnussotf? (1954) >0.2 lon chambed; g/ A ; = 3.78x 10%; not used
Diamond® (1954) >0.01 lonization chamber; not used

Ghiorsd® (1956) 0.6 Unpublished; quoted by Hy®fe not used
Eastwood™ (1957) >1.4 lonization chamber; not used

Milsted'®® (1969) 1.87 £0.09 Parallel plate ion chamber

Vorotnikovt® (1970) 1.65 +0.17 Fission fragment glass detector

Recommended value t,= (1.8 £0.1)x 10°a

Weighted average

Table XXXII Spontaneous fission half-life 6t'Cf.

Reference As Reported

Author (Year) typl s Comments

Lazarev®” (1995) =21. Al A =0.1;t,=21+03s
Recommended value t,=21.s Selected value

Table XXXIIl Spontaneous fission half-life 6¥Cf.

Reference As Reported
Author (Year) tyo/ Ms Comments
Lazarev®” (1995) 21. 2. Al A= 1.

Recommended value typ=21.£2. ms

Selected value

Table XXXIV Spontaneous fission half-life 81°Cf.

Reference As Reported
Author (Year) typ/ Min Comments
Lazare’®” (1995) =53. Ail Ay =0.02;t,,,= 1.06 + 0.15 min

Recommended value ty, =53. min

Selected value

Table XXXV Spontaneous fission half-life 81°Cf.

Reference As Reported

Author (Year) ty/ d Comments

Lazarev®’ (1995) >17.4 Al A £0.000145t;,, = 3.5 min
Recommended value ty,217.d Selected value

Table XXXVI Spontaneous fission half-life &1°Cf.

Reference As Reported

Author (Year) ty,/ 10°a Comments

Hulet!®® (1953) 21+03 Ayl A;=5.2%x10°

Friedman® (1963) 1.34 £0.16 lon chambe, / A; = 3.3x 10°
Skobelev*? (1968) 2.0+0.2 Au-Sidetd, /A= 4.9x10°

Recommended value ty,= (1.8 £0.6)x 10°a

Weighted average

© 2000 IUPAC, Pure and Applied Chemistry 72, 1525-1562



1536

Table XXXVII Spontaneous fission half-life 61Cf.
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Reference As Reported

Author (Year) tp/ 100 a Comments

Hulet'!? (1954) 0.9 Aol Ag=10"

Perelygirt'? (1964) 34%15 lon chamber; quoted by Skobkfey
Skobelev!? (1968) 4104 Mica detd , / A; = 4.3x 10*
Hulet'®*(1973) 3.2+0.3 Ayl A;=35%x10¢

Recommended value t,=(3.2+0.3)x10%a

Selected value

Table XXXVIII Spontaneous fission half-life 61°Cf.

Reference As Reported

Author (Year) ty,/ 10°a Comments

Magnussotf? (1954) > 0.0005 Aol Aiz1.2%x 10

Diamond® (1954) > 0.0001 lonization chamber

Ghiorsd?®® (1956) >0.15 Unpublished; quoted by Hytfe
Eastwood® (1957) >0.045 lonization chambex, / A; > 1.3x 10°
Milsted'® (1969) 6.87 £0.33 Parallel plate ion chambey;/ A; = 2 x 108
Vorotnikov!% (1969) >0.2 lonization chamber

Tarantirt** (1987) 85+0.5 Lavson + mica det.

Recommended value t,= (8.£1.)x10%a

Selected value

Table XXXIX Spontaneous fission half-life 61°Cf.

Reference As Reported

Author (Year) t,/ 10 a Comments

Ghiorsd?® (1954) 0.5 Ao/ A =400; not used

Diamond® (1954) >1.4 Revised

Magnussotf? (1954) 1.9+0.6 Brallel plate ion chambek;, / A; = 1460 * 350
Phillipst!® (1963) 1.73 £ 0.06 prop.cth, / A, = 1330 + 45

Mettef” (1965) 1.66 +0.08 Aql A;=1260 * 40

Recommended value t,p= (1.7 £0.1)x 10* a

Selected value

Table XL Spontaneous fission half-life 81Cf.

Reference As Reported

Author (Year) typl @ Comments

Ghiorsd*® (1954) 100. Aql A¢=42. not used

Diamond® (1954) 75. + 15. Revised

Magnussotf? (1954) 79. £ 10. Parallel plate ion chambgp;/ A= 30 + 1
Eastwood® (1957) 82. + 6. lonization chambet;, / A; = 32. + 2.
Seviet'’ (1961) 98.9 Revised, / A; = 36.45

Mette” (1965) 85.5+0.5 Ag/A;=313%02

Aleksandrov'® (1970) 85.6 +0.4 Sidetd,/A;=315,31.1

Pandey® (1993) 86.2+0.9 CR-39 fission track detectby;/ A; =31.56

Recommended value ty,=(86.+1) a

Weighted average
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Reference As Reported

Author (Year) ty/ d Comments

Harvey'® (1955) 85. + 15. No detectabéeemission

Fields? (1956) 55. Nao or B emission

Bentley'?° (1956) 60. £ 10. No details

Huizeng&® (1957) 60.5+1.1 lon chamber; rev. Mett§ A,/ A, from Bemig?!
Phillips'*® (1963) 60.7 £0.2 Corr. fo®°%Cf; rev. A; / A, from Bemig?!
Mette” (1965) 62.1+1.1 lon Chamber; re\; / A, from Bemig?

Recommended value ty,=(60.9 £0.9) d

Weighted average

Table XLII Spontaneous fission half-life 61°Cf.

Reference As Reported
Author (Year) typ/ mMin Comments
Hoffman'?2 (1980) 123+1.2 lon chamber

Recommended value typ = (12. £ 1.) min

Selected value

Table XLIII Spontaneous fission half-life 8FEs.

Reference As Reported

Author (Year) t,/ 1P a Comments

Fields'?® (1954) > 1. No details; not used
Jone$?* (1956) 7.+3. lon chamber

Mette” (1965) 6.3+0.2 Aol Af=1.15£0.03x 10

Recommended value ty,= (6.3 £0.2x 10°a

Weighted average

Table XLIV Spontaneous fission half-life 6¥Es.

Reference As Reported

Author (Year) ty,/ 10°a Comments

Ghiorsd® (1955) 0.015 Unpublished; quoted by Hyfe
McHarrist?® (1965) 0.068 lonization chamber; quoted by Figfds
Fields?® (1967) >25 lon chambed; / A, < 3x 108

Recommended value ty,>2.5x 10 a

Selected value

Table XLV Spontaneous fission half-life 67"Es.

Reference As Reported

Author (Year) typla Comments
Fields'® (1954) > 10. Al A < 0.00045
Recommended value ty,>10. a Selected value

Table XLVI Spontaneous fission half-life 6FEs.

Reference As Reported
Author (Year) ty,/ 10°a Comments
Fields2® (1967) 2.63+0.14 lon chambety / A, = 2.22 +0.10x 10°

Recommended value t,p= (2.6 £0.1)x 10 a

Selected value
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Table XLVIl Spontaneous fission half-life 6% m.

Reference As Reported
Author (Year) tyo/ Ms Comments
Ter-Akopyant?’ (1975) 0.8+0.2 Ail Ay > 0.96

Recommended value ty,=0.8+0.2ms

Selected value

Table XLVIII Spontaneous fission half-life 6FFm.

Reference As Reported
Author (Year) typ! s Comments
Ter-Akopyart?” (1975) >50. Estimated from excitation function systematics

Recommended value t,250. s

Selected value

Table XLIX Spontaneous fission half-life 8¥Fm.

Reference As Reported

Author (Year) typ/ Ms Comments

Nurmial? (1967) 3.3%05 Spontaneous fission assumed
Ter-Akopyart?” (1975) 4, Ail A >0.97

Recommended value ty,=3.3+£0.5ms

Selected value

Table L Spontaneous fission half-life 8©Fm.

Reference As Reported
Author (Year) tyz/ h Comments
Ter-Akopyart?’ (1975) >1.1 Estimated from excitation function systematics

Recommended value ty,>1.1h

Selected value

Table LI Spontaneous fission half-life 61%Fm.

Reference As Reported

Author (Year) typ! s Comments

Nurmial?® (1967) 15. £ 5. Mica detd/ A,y = 0.08;

Druin'?® (1971) 27.+8. Solid-state def\; / A, = 0.045 + 0.013;
Ninov'*° (1996) 8.+£3. Ail A =0.15 £0.05

Recommended value t,=8.+£3.s

Selected value

Table LIl Spontaneous fission half-life 81Fm.

Reference As Reported

Author (Year) tyn/ h Comments

Nurmial?® (1967) 10. £ 5. Mica detA/ A, = 0.0010 + 0.0005
Druin'?® (1971) =53. Solid-state detl , / A; = 6000

Recommended value ty»=10.+5. h

Selected value
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Table LIl Spontaneous fission half-life 61%Fm.

Reference As Reported

Author (Year) typla Comments

Druin'?® (1971) =95 Solid-state detd¢/ A, =6 x 10°®
LazareV®! (1989) 0.83+0.15 Al A= (6.9 +1.0)x 10°°

Recommended value t,,=08+0.2a

Selected value

Table LIV Spontaneous fission half-life 8©°Fm.

Reference As Reported
Author (Year) tpla Comments
Lazarev®! (1989) >0.07 Al A 28.2x107

Recommended value t,=0.07 a

Selected value

Table LV Spontaneous fission half-life 87Fm.

Reference As Reported

Author (Year) typla Comments

Friedman®? (1956) >8.2 No details; not used
AHEG'(1966) 115. + 60. No details; not used
Ahmad>* (1984) 125. + 8. Al A,=(2.3£0.2)x10°

Recommended value t,=125.£8. a

Selected value

Table LVI Spontaneous fission half-life 6¥Fm.

Reference As Reported

Author (Year) ty/ d Comments

Fields?®(1954) 220. + 40. lonization chamber
Choppirt®® (1954) = 135. Aol Ag=1C

Choppirt®® (1955) 2009. AqlAs=1550

Jone$? (1956) 246. lon Chamber

Fields?® (1967) 228. + 1. #counterd, / A= 1695 + 8

Recommended value ty,=228.x1.d

Si barrier detA , / A; = 1664 + 17
Selected value

Table LVII Spontaneous fission half-life 6PFm.

Reference As Reported
Author (Year) t,/ 10 a Comments
Phillips'1® (1963) 1.0+0.4 Windoless prop. counteky / A, = (2.4 + 1.0x 107

Recommended value

t,= (1.0 £0.4)x 10°a

Selected value
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Table LVIII Spontaneous fission half-life 6Fm.

Reference As Reported

Author (Year) typ / Min Comments

Choppirt®® (1955) 180. to 240. Ao/ A; estimated to be 0.04
Phillipst®” (1958) 160. * 10. Windowless prop. counter
Sikkeland® (1965) 167. £ 6. Aol Agsr=0.028 £0.01

Hoff13° (1968) 171. £ 2. lon Chambek;, / A 4, = 0.081 + 0.003

Recommended value t,=29%0.1h

Selected value

Table LIX Spontaneous fission half-life 8FFm.

Reference As Reported

Author (Year) tpla Comments

Hulett*® (1964) 100. £ 20. Aql Af=468. +100.
Sikkeland® (1965) = 131. Aql A =600.
CRG* (1966) 129. + 45, Aq ! A;=500. £ 175.
Wild# (1973) 131. £3. Aql A =475. £ 10.

Recommended value t,=131.£3. a

Weighted average

Table LX Spontaneous fission half-life 6¥Fm.

Comments

Reference As Reported
Author (Year) typl s
Hulet*? (1971) 380. * 60.
Hulet**3 (1986) 360. + 20.

Recommended value ty,=0.37 £0.02 ms

Fission tracks in mica; 3 standard deviation
Time correlation meas.; 1 standard deviation
Weighted average

Table LXI Spontaneous fission half-life 67Fm.

Reference As Reported

Author (Year) typl s Comments
Hulet**4 (1980) 15+0.3 Al A =10
Hoffman'*® (1981) 1.5+0.2 Al A =10
Somervilld*® (1985) 1.6 £0.1 Al A=1.0

Recommended value ty,=15%202s

Selected value

Table LXII Spontaneous fission half-life 8%%Fm.

Reference As Reported

Author (Year) tyo/ Ms Comments
Lougheed*’ (1992) =4, Al A=1.0
Recommended value typ=4. ms Selected value

Table LXIIl Spontaneous fission half-life fMd.

Reference As Reported
Author (Year) tyo/ Ms Comments
Ninov!*° (1996) 0.90 +£0.25 12 fission events

Recommended value ty= 0.9 £0.3 ms

Selected value
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Table LXIV Spontaneous fission half-life 6fMd.

Reference As Reported

Author (Year) tyo!l S Comments
Hofmanrt*® (1994) 0.23 (+0.19/-0.12) 2 fission events
Recommended value ty,=0.2s Selected value

Table LXV Spontaneous fission half-life 81Md.

Reference As Reported

Author (Year) tyo/ h Comments
Gangrsky*° (1980) >3.9 A¢l A <0.0005
Recommended value t,239h Selected value

Table LXVI Spontaneous fission half-life 6PMd.

Reference As Reported

Author (Year) tyo/ d Comments

Hoff*%? (1971) 2125 Ail A £0.0015;t,,, = 27. min.
Recommended value t,2125d Selected value

Table LXVII Spontaneous fission half-life 6FMd.

Reference As Reported

Author (Year) ty/d Comments
Hoff*? (1971) >1.9 Ail A < 0.028
Recommended value ty,>19d Selected value

Table LXVIIl. Spontaneous fission half-life 67Md.

Reference As Reported

Author (Year) ty/ d Comments
Sikkeland®® (1965) >2.9 Ail A < 0.077
Hoff%°(1971) >6.1 Al A< 0.036
Moody*? (1993) >23. Ail A <0.010
Recommended value t,,223.d Selected value

Table LXIX Spontaneous fission half-life 6¥vd.

Reference As Reported

Author (Year) ty,/ 10°a Comments

Lougheed®? (1986) >0.41 Erroneously reported k30 days as years.
Moodys? (1993) =47 Al A < 0.00003

Recommended value t,,24.7x 10 a Selected value
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Table LXX Spontaneous fission half-life 6£™Md.

Reference As Reported

Author (Year) typ/ Min Comments
Moody™? (1993) = 190. Ail A1 £0.30
Recommended value ty, = 190. min Selected value

Table LXXI Spontaneous fission half-life 6¥Md.

Reference As Reported

Author (Year) typ / mMin Comments

Wild1%% (1982) < 106. + 12. Ail A > 0.97,t,,, = 103. min.
Moody*? (1993) <97.3+3.6 Ail Ay > 0.987:t;, = 96.0 min.
Recommended value t»,< 1.62+£0.06 h Selected value

Table LXXII Spontaneous fission half-life 8©Md.

Reference As Reported

Author (Year) tyo/ d Comments
Hulet!>* (1986) 454 +0.7 Al A =0.70
Lougheed*’ (1992) 27.8-38.1 Al A >0.73
Recommended value t,=27.8-38.1d Selected value

Table LXXIIl Spontaneous fission half-life 67No.

Reference As Reported

Author (Year) typ I Ms Comments
Ter-Akopyart?’ (1975) 0.25 +0.05 Al A=1.0
Recommended value ty,= 0.25 £ 0.05 ms Selected value

Table LXXIV Spontaneous fission half-life 67No.

Reference As Reported

Author (Year) typ! S Comments
Ter-Akopyart?” (1975) >10. Ail A 20.08
Recommended value t,210. s Selected value

Table LXXV Spontaneous fission half-life 6¥No.

Comments

Reference As Reported
Author (Year) typl S
Ghiorsd®® (1967) 49+06
Bemis® (1977) 9.+£1.
AndreyeV®? (1993) 11. + 3.
Recommended value typ,=9.21.s

A¢l A = 0.50; revised total,,, Wild™®% not used
Al Ay = (0.27 £0.02); revised toth),, Wild™%®
Al A= (0.216 +0.042) ; revised totig),, Wild*®®
Weighted average
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Table LXXVI Spontaneous fission half-life %No.

Reference As Reported

Author (Year) typ/ h Comments

Flerov*° (1967) > 26. Ail A < 0.0006

Somervilld*® (1985) >30.6 Al A < 0.0005

Tiirlert®® (1988) 6.1+5.6 A¢l A = 0.0025

Lazarev®! (1989) 89+25 Al A= (0.0017 £ 0.0005)

Wild®%8 (1994) 8.7+33 A¢l A= (0.0017 £ 0.0002); tota),,= 53. + 20. s
Recommended value ty,=8.£2.h Weighted average

Table LXXVII Spontaneous fission half-life 67*™o.

Reference As Reported

Author (Year) typl S Comments
Lazarev®! (1989) > 140. Ail A £0.002
Recommended value ty» = 2.3 min Selected value

Table LXXVIII Spontaneous fission half-life 6t°No.

Reference As Reported

Author (Year) ty / Min Comments

Ghiorsd®® (1967) 19.3+33 Ail A =0.0025,,= 2.9 s
Flerov®! (1968) =97 A¢l A= 0.00501,,,=2.9 s
Hoffmant®2 (1990) 9.2(+0.7/-1.2) A¢l A= 0.00531,,=2.9s
Recommended value ty2=9. £ 1. min Weighted average

Table LXXIX Spontaneous fission half-life 67No.

Reference As Reported

Author (Year) typ / Min Comments

Lazarev®® (1996) > 28, Al A =0.015:t,,=25+4s
Recommended value ty2 > 28. min Selected value

Table LXXX Spontaneous fission half-life 6¥No.

Reference As Reported

Author (Year) typ I Ms Comments
Nurmia'®* (1969) =12 Al Aq=1.0
Hulet'®® (1989) 1.2+0.2 Al A =1.0
Recommended value ty,=12+£0.2ms Selected value

Table LXXXI Spontaneous fission half-life 8™No.

Reference As Reported

Author (Year) typ/ h Comments
Wild1%2 (1982) > 10. Al A< 0.1
Recommended value ty»> 10. h Selected value
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Table LXXXIl Spontaneous fission half-life 6No.

Reference As Reported
Author (Year) typ/ Ms Comments
Somervillé*® (1985) 106. + 8. Ail A =1.0

Recommended value typ = 106. £ 8. ms

Selected value

Table LXXXIII Spontaneous fission half-life 8¥No.

Reference As Reported
Author (Year) typ/ Ms Comments
Lougheed®® (1988) =5, Al A =10

Recommended value ty,=5. ms

Selected value

Table LXXXIV Spontaneous fission half-life 6FLr.

Reference As Reported
Author (Year) typl S Comments
Oganessiaf’ (1976) >100. Ail Ay =0.01

Recommended value t2,2100. s

Selected value

Table LXXXV Spontaneous fission half-life 6FLr.

Reference As Reported

Author (Year) typ! S Comments
Oganessiaf’ (1976) >130. Ail Ay <0.01
Hessbergéf® (1985) >7. Al A< 0.20

Recommended value ty2 = 2.2 min

Selected value

Table LXXXVI Spontaneous fission half-life 6tLr.

Reference As Reported
Author (Year) tya/ h Comments
Oganessiaf’ (1976) >3.6 Al A < 0.001; Totat,,,, Hessbergéf®

Recommended value t,23.6h

Selected value

Table LXXXVII Spontaneous fission half-life &FLr.

Reference As Reported
Author (Year) tya/ h Comments
Oganessiaf’ (1976) >6. Ail A £0.001;t,,, = 22 s. EskoFf®

Recommended value ty26.h

Selected value

Table LXXXVIII Spontaneous fission half-life 6¥Lr.

Reference As Reported

Author (Year) typl S Comments

Flerov*’° (1970) >8.4x10 Excitation function systA/ A, < 0.00033
Recommended value typ=21.d Selected value
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Reference As Reported
Author (Year) typl s Comments
Flerov’° (1970) >2x10° Excitation function systA/ A, < 0.00033

Recommended value t,=0.55 h

Selected value

Table XC Spontaneous fission half-life &%Lr

Reference As Reported

Author (Year) typl s Comments

Flerov'’! (1971) > 20. Ift,,, (*®®No) < 20 seconds
Gregorich’?(1992) > 78. Ail A <0.05

Recommended value ty,>78. s

Selected value

Table XCI Spontaneous fission half-life 6tLr.

Reference As Reported

Author (Year) tya! S Comments

Gregorich™ (1992) 28.+3. Ail A= (0.23 £0.02)

Hamilton' "3 (1992) 31. +4. AilAqg = 0.25+0.03A;/ A ;= (0.20 £ 0.02)

Recommended value ty,=31. % 4.5

Selected value

Table XCII Spontaneous fission half-life FLr.

Reference As Reported
Author (Year) ty/ mMin Comments
Lougheed™ (1987) 39. +12. Al Ae=1.0

Recommended value ty, = 39. £ 12. min

Selected value

Table XClIl Spontaneous fission half-life 6FLr.

Reference As Reported

Author (Year) typ/ Min Comments
Lougheed™ (1987) 2160. + 150. Ail Ay <0.10
Recommended value ty,>15d Selected value

Table XCIV Spontaneous fission half-life 8FRf.

Reference As Reported

Author (Year) tya! s Comments
Flerovt™® (1976) =3.6x10° A¢l A= 0.50
Hessbergéf® (1997) 48. (+ 17./-10.) Al A=1.0
Recommended value t,=48. s Selected value
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Table XCV Spontaneous fission half-life 6¥'Rf.

Reference As Reported

Author (Year) tys!s Comments

Oganessian’ (1975) < 3000. Production not detected
Ter-Akopyant?’ (1975) 500. + 200. Al Ay >8.

Hessbergéf® (1997) 23.+3. Ail A > 0.985
Recommended value t,=23.£3.s Selected value

Table XCVI Spontaneous fission half-life 87Rf.

Comments

Reference As Reported
Author (Year) tya! S
Flerovt”° (1970) = 4.
Oganessian’ (1975) = 8.
Miinzenberd’® (1981) 31+13
Oganessiar® (1984) 34+04
Hessbergéf® (1985) 2.7+05
Hessbergéf®(1997) 31+04

Recommended value t,=29 +£04s

Ail A= 0.5, not used

Ail A =0.5,t,= 4 s; not used

A¢l A= 0.45, not used

A¢l A= 0.5,t,=1.7 s; not used

Al A =0.52+0.07t,=1.4s.

Al A= 0.45+0.06%,,=1.4s.
Weighted average

Table XCVII Spontaneous fission half-life 67°Rf.

Reference As Reported

Author (Year) typ I Ms Comments

Oganessian’ (1975) 5. A¢l A= 1.0; not used
Oganessiar® (1984) 6.7+0.2 Al A = 0.99; not used
Hessbergéf® (1985) 7.4+0.8 A¢l A = 0.978; not used
Wild1%8 (1994) 6.6+1.1 Kinetic energy distribution study
Hessbergéf® (1997) 6.2+0.2 Ail A = 0.9968

Recommended value typ=6.2 £0.2ms

Weighted average

Table XCVIII Spontaneous fission half-life 67Rf.

Reference As Reported

Author (Year) typl S Comments

Oganessiaf! (1984) = 30. Al A =0.12;t,,= 4.7 s.
Somervilld*® (1985) 34.+22. Ail A= 0.14 £ 0.09
Miinzenberd’® (1981) 59. + 37. A¢l A= 0.08 £0.05
Hessbergéf® (1985) > 134, Ail A < 0.035
Bemis®(1988) 196. + 25, Al A =0.024 +0.003
Hessbergéf® (1997) > 336. Al A< 0.014
Recommended value t1,> 5.6 min Selected value

Table XCIX Spontaneous fission half-life 8FRf.

Reference As Reported

Author (Year) tyo/ Ms Comments

Ghiorsd® (1969) 13. £ 2. Al A = 0.87, Oganessiafl
Somerville“® (1985) 15. £ 3. A¢l A= 0.87, Oganessiafl
Wild'%8 (1994) 14. + 2. Kinetic energy distribution study

Recommended value typ,=14.£2. ms

Weighted average
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Reference As Reported

Author (Year) tya! S Comments

Druin'® (1973) = 46. Ail Ay=0.07

Bemig'® (1981) 48. £ 35, A¢l A =0.063 +0.037
Somervilld*® (1985) 38.+23. Ail A= 0.09 £0.03

Recommended value

ty»= 0.7 £ 0.4 min

Selected value

Table CI Spontaneous fission half-life 8%Rf.

Reference As Reported

Author (Year) typ I Ms Comments

Flerov®® (1964) 300. + 100. Excitation function systematics
Oganessiaf’ (1970) 100. £ 50. Excitation function systematics
Druin'®® (1976) 80. £ 20. Excitation function systematics
Druin®®® (1977) 76. % 8. Excitation function systematics
Nitschké®® (1981) 23.+2. Excitation function systematics
Somervillé*® (1985) 20.1+0.7 Excitation function systematics
Hulet'®® (1989) 256+ 7. Excitation function systematics

Recommended value

t,=20. 1. ms

Selected value

Table ClI Spontaneous fission half-life 6¥'Rf.

Reference As Reported

Author (Year) tyo! S Comments
Ghiorsd®! (1970) > 650. Al A £0.10
Kadkhodayat? (1996) >591. Al A< 0.11
Recommended value typ = 11. min Selected value

Table ClIl Spontaneous fission half-life 8%Rf.

Reference As Reported
Author (Year) tyo! S Comments
Somervilld“*® (1985) 0.047 +0.005 Al A=1.0

Lazarev® (1994)
Lane®*(1996)

Recommended value

1.2 (+ 1.0/ - 0.5)
2.1+0.2
t,,=21+02s

285g@) - SF coincidence
A¢l Ay > 0.992
Selected value

Table CIV Spontaneous fission half-life 6¥Db.

Reference As Reported

Author (Year) tya! S Comments
Flerov}*s (1976) = 8. Ail Ay =0.20
Recommended value ty, =8.8 Selected value
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Table CV Spontaneous fission half-life 8FDb.

Reference As Reported

Author (Year) tysls Comments
Oganessiaii® (1983) 26.5 Ail A £0.40
Recommended value t,26.5s Selected value

Table CVI Spontaneous fission half-life 6¥Db.

Reference As Reported

Author (Year) tyl s Comments
Oganessiafi’ (1976) = 25, Al Ay=020t;,=5.s
Hessbergéf® (1985) 8.2+6.1 Al Ay =0.17 £0.11

Recommended value t,,=8.£6.s

Selected value

Table CVII Spontaneous fission half-lifé®Db.

Reference As Reported

Author (Year) typl S Comments

Hessbergéf® (1985) >13. Ail A <0.33 + (0.09 / — 0.05), Hessbertfér
Recommended value typ=213. s Selected value

Table CVIII Spontaneous fission half-life ¥Db.

Reference As Reported

Author (Year) typl s Comments

Ghiorsd®” (1970) > 8. Al A1 <0.20,t1,=1.6s.
Bemis%® (1977) 158+ 1.7 Ail A = 0.096 +0.006

Recommended value typ=16.% 2. s

Selected value

Table CIX Spontaneous fission half-life 6¥Db.

Reference As Reported

Author (Year) tysl s Comments

Flero*’° (1970) =7. Al Ar=0.25t,=18s
Ghiorsd®® (1971) >3.6 Ael A< 0.50

Lane®® (1998) > 10. Al A <0.18
Recommended value ty,>10. s Selected value

Table CX Spontaneous fission half-life 87Db.

Reference As Reported

Author (Year) typl S Comments

Ghiorsd®® (1971) > 67. Ail A < 0.60

Bemig®! (1977) 44. +7. Ail A =0.78 £0.06

Druin®? (1979) =50, Ail A =0.60

Gregorick® (1988) 69. Al Ay =0.49£0.13

KratZ%* (1989) 67. Al A=0.51+0.11

Kratz2%® (1992) >102. Al A< 0.33, may be all or partially due to SF

Recommended value ty»= 1.7 min

of 22Rf produced via electron capture
Selected value
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Table CXI Spontaneous fission half-life 8FDb.

Reference As Reported

Author (Year) tyal s Comments

Hulet% (1988) = 50. A¢l A =0.55

Kratz2% (1992) 47. 12, Al A=0.57 £0.141,,=27. s

Recommended value

t,=0.8 £0.2 min

Selected value

Table CXII Spontaneous fission half-life 8%Sg.

Reference As Reported
Author (Year) typ/ Ms Comments
Hessbergéf® (1997) 29(+13/-0.7) Al A=1.0

Recommended value typ=2.9ms

Selected value

Table CXIIl Spontaneous fission half-life 6¥°Sg.

Reference As Reported

Author (Year) tyo! S Comments

Demirt®” (1984) >0.1 Excitation function systematics
Oganessiar® (1984) >0.96 Al Ay < 0.50,t;,=0.48 s
Miinzenberd® (1985) >2.4 Al A< 0.20,t;,=0.48 s
Recommended value Lyp>24s Selected value

Table CXIV Spontaneous fission half-life 81°Sg.

Reference As Reported

Author (Year) typ/ Ms Comments

Demirt®” (1984) > 5. Ail Ay < 0.20
Oganessiar® (1984) > 4.5 Ail A1 <0.80,t,= 3.6 ms
Miinzenberd® (1985) 72+44 Ail A =0.50,t,,,= 3.6 ms

Recommended value typ=7.24. ms

Selected value

Table CXV Spontaneous fission half-life 6¥Sg.

Reference As Reported

Author (Year) tya! s Comments

Demirt%” (1984) > 0.4 Excitation function systematics
Miinzenberd® (1985) >2.6 Al A< 0.10,t;,=0.26 s
Recommended value ty,>26s Selected value

Table CXVI Spontaneous fission half-life 8¥Sg.

Reference As Reported

Author (Year) typ! S Comments

Druin?®2 (1979) =11 Al A=0.70,1,,=0.8 s
Lazarev® (1995) >27 Al A <0.30,t,,=08s
Recommended value ty,>27s Selected value
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Table CXVII Spontaneous fission half-lifé°Sg.

Reference As Reported
Author (Year) tyo! S Comments
Lougheed'® (1994) >4. - 60. Ail A £0.50
Turler'? (1998) >13. Al A < 0.35; authors used lower error limit
t1/2 =47s
= 21. using reporteti, = 7.4 (+ 3.3/ —2.7) s
Recommended value ty,213. s Selected value

Table CXVIII Spontaneous fission half-lif&%Sg.

Reference As Reported
Author (Year) typl S Comments
Lougheed'® (1994) > 20. — 60. Ail Ay £0.50
Schadel'? (1997) = 55. Al A =0.62;t,,=34s
Tarler™ (1998) >11. Al A < 0.82; authors used lower error limit
t1/2 =9s.
> 26. using reporteti, = 21. (+ 20. / — 12.) s
Recommended value 21l s Selected value

Table CXIX Spontaneous fission half-life 87'Bh.

Reference As Reported

Author (Year) typl S Comments

Oganessiafi’ (1976) =0.01 Al A =0.20,t;,=2 ms
Miinzenberg" (1989) >0.12 Al Ay < 0.10,t;,= 12 ms

Recommended value ty,>0.12s

Selected value

Table CXX Spontaneous fission half-life 6¥Bh.

Reference As Reported

Author (Year) tys! S Comments

Miinzenberg'" (1989) >0.9 ty,= 102 MSA{/ A < 0.12, Miinzenbefd*
Recommended value t,>09s Selected value

Table CXXI Spontaneous fission half-life 87™Bh.

Reference As Reported
Author (Year) typl S Comments
Miinzenberg' (1989) >0.07 typ = 8 MS;A¢/ A < 0.12, Miinzenbefd*

Recommended value ty»>0.07 s

Selected value

Table CXXII Spontaneous fission half-life 8¥Hs.

Reference As Reported

Author (Year) typ I Ms Comments

Oganessiat® (1984) > 1. Excitation function systematics
Ninov?16 (1996) =2. Ail Ay =0.50

Recommended value ty, =2. Mms

Selected value
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Table CXXIIl Spontaneous fission half-life 8FHs.

Reference As Reported

Author (Year) typ I Ms Comments

Demirt'’ (1984) > 20. ty» = 1.8 ms, Munzenbet

Miinzenberg'® (1984) >5.6 ty,= 1.8 msA¢/ Ay < 0.32, Hofmanft®
Hofmanrf?° (1995) >4.8 ty,= 1.55 £ 0.20 msi; / A, < 0.32, Hofmanfi®
Recommended value ty,> 4.8 ms Selected value

Table CXXIV Spontaneous fission half-life 6FHs.

Reference As Reported

Author (Year) typl s Comments

Lazarev® (1995) >0.1 Ail Ay < 0.205t,,,=19. ms
Recommended value ty>0.1s Selected value

Table CXXV Spontaneous fission half-life 8fMt.

Reference As Reported

Author (Year) typ I Ms Comments

Miinzenberé?! (1988) > 11. typ = 3.4 msA/ Ay, < 0.32, Hofmanfi®
Hofmanr??? (1997) >53 typ= 1.7 msA;/ Ay, < 0.32, Hofmanfi®
Recommended value ty»>5.3ms Selected value

Tables continued on next page

© 2000 IUPAC, Pure and Applied Chemistry 72, 1525-1562



N. E. HOLDEN AND D. C. HOFFMAN

1552

abed 1xau uo panunuod a|qel

sw ‘ZT SWZF vT Pz S/v uiw 9°g < RS sw z'9 SWZO0FZY9 I
S/T SY0F67¢ Psez sl ‘gz sl g ¥ gz Pyez sgy= slgy =
uoe PST< 1oz ulw "o ulw 2T ¥ 6€ 1oz ST9 SYFTE g
S6'¢ $'8. < gz SS90 Uysso0z Mgz S '8¢ PTT Il
s 2z U9z Negz S'eT uoes ez seT UW 22T g

S'T S 00T < e Sw ‘g = SW ‘g = ONyq sw ‘90T Sw ‘g ¥ ‘90T ONyoz
uiw -gg Yot < ONggz sSw Z'T= SWZO0FCT ONggz s ' Ul ‘82 < ON,g;
S6C uw 'T¥'6 ONygz $820 UIW EZZ  ONyyey S 'GG UZF'8  ONy
see STF6 ONgg, $80 S 0T ON; SWSZ0 SWSO0FSZ0  ONygg
P8z P 1'8€-8°/2 PWgoz uoT U900%29T> P, uw /g UIW 0BT 2 PWugse
P SIS QT XLV = PWNgsz uss pezz P, gz yoeT PET< Pl
uw /2 pszI=z PNgez S°L UeBe€xs PWNgyz STT SZT0= PN,
SWw 60 SWE0F60 Pz sw -y = Sw = Wy, SGT SZTOFGST Wdg,
sw /g0 Sw z0'0 ¥ LE°0 W, P S00T "€ FTIET Wd,q, ueoe UTOF6Z Wdy,
utoz LOTX(90F07T) Wgg, yoreze PT¥822 W, g, pP8soT 8FG2T  Wd,g,
sg8T 10002 Wde, uiw Qg Z0%80 Wye, S '9g USTFOT Wdg,
SZT SGFGT Wiy, Sy UTT< W, sw /¢ SWGOFEE Wy,
SZ0 S'0G% Wy, sw g0 SWZ'0¥80 W4, pov OTXT0F92) S
P¥9'T 0T < S3ueg P92 0T %52 < S3,q; p .02 OTHZ0F€9) ST
uiw ZT uw T F 2T $Dgqz P 509 P 60F 609 1Dpez 692 TF°98 10
T€T LOTX(T0F2T) $Dpez ‘TGE 0T x(T*°8) 1512 P vee OTX(E0F2E) 104
P6vT OTx(90F87T) D94z uw g'g piT= lo s uw Tt UIWES = Dy
sw Tg swgF12 $0g¢z sT¢C STg= 1)z P ozg OTX(T0F8T) Ay
or)26= LPTA{SOOFETT) WDyg, foT)sr’e PTHEO'0FST'P) W0y, fom)aLy OTX{200FT8T) WDy,
{oT)8y'8 AT XC0F¥'T) WD,z 18T 0T {20'0F2ET) W3, 162 0T XB0FGG) WDy,
p 8291 PTXT0F02L) Wo,,, plz PTX0F6T) Wy, {o1)LE°L WOTX(G0F02) Wy,
T AT X' €< Wiz, L2ey wOT x(€0F2T) W, foT)oo'8 0T X2 0F99) Nd,y,
{0T)SL'E 0T XL0'0F £2°9) Nz aa) 00T X9 > Ndyz 1669  (OTXTOOFYT'T)  Ndye
fontTvre 0T x(Z2F'8) Nekez v1'18 40T X600 F GL'Y) Nckge, 182 OTHE0FGT)  Ndy,
(019494 0T X'T < dNyg; foTov'v 0T x(T'0F2'8) MNgez foT)vee 0T x(T'0FG2) MNogz
§0T)v0" L 0T x(E0F0°T) MNeez {oT)sv'e o0T x(20FG'T) MNyez {0T)6S'T 0T % LZ< Mesz
6'89 40T x8'9 < Mgz p 80z 00T X ¥ < Mgz for)sze 0T X< Bd
of0T)¥'T DT xF0F2T) Ulze, {0T)vS L 0T X2 < Ulge 0T X 22  Odgy
(e)oL (e)¥'™ds  spIPNN (e)foL (e)¥'™ds  8pIPNN (e)oL (e)¥Mds  epipnN

"S8IUNLIBOUN PUB SBAI|-I[ey [10] pue UoISSll snosueluods papuawiwossy AXXD algel

© 2000 IUPAC, Pure and Applied Chemistry 72, 1525-1562



1553

Spontaneous fission half-lives for ground-state nuclides

sw 2T sw g'g< WMo, Sw 6T STOZ  SH;
swoT SWw 8y < SHgo sw T= sw Z= SHyoz sw ‘g S/00< Ul
sw "z0oT S60< USG,o, sw 'zt SZro< Uz S IZ= S IT<  bBSy,
SY'L S'ET< BSsq, s80 sle< BSeq, S92°0 s9z< Bgy
sw 't SW'yF L BSpez S G0 sSyZ< BSse; SW6'Z= SW6'Z= BSge;
uiw S0 uw Z'0¥80 o[a8 S e uw /T2 o[a S8T S'0T> QG
SGT S°ZF9T a0ygz sz SErT= o[a SGT S'9F'8  UQ.
$9¢ $G9%< o[a e SGI= S 8= 00, ST SZTOFTZ I
uw T'T ulw Tt = Iy, sw "0z Sw T ¥°02 Yooz Sy'e UW y0F L0 g,
(e}¥oL (e}¥'ds  eplPNN (e}¥oL (e}¥'™ds  eplPNN (e}¥oL (e}¥'hds  epljonN

panuiuod |AXXD a|qeL

© 2000 IUPAC, Pure and Applied Chemistry 72, 1525-1562



1554 N. E. HOLDEN AND D. C. HOFFMAN

TABLE REFERENCES

1. V. P. Zakharova, V. S. Zenkevich, V. B. Funsht®hys of Atomic Nucleb8 (4), 709 (1995).

2. E. SegrePhys. Rew86, 21 (1952).

3. S. P. Tretyakova, A. Sandulescu, V. L. Micheev, D. Hasegan, |. A. Lebedev, Yu. S. Zamyatnin,
Yu. S. Korotkin, B. F. Myasoedov. JINR Rapid Communications N0.13-85 Joint Institute for
Nuclear Research, Dubna, USSR (1985).

4. A. V. Podguskaya, V. I. Kalashnikova, G. A. Stoliarov, E. D. Vorob’ev, G. N. FISmx. JETP
28, 392 (1955).
5. G. N. Flerov, D. S. Klochikov, V. S. Skobkin, V. V. Terent'®av. Phys. Doklad§, 79 (1958).
6. A. Spadavecchia, B. Hahn. HelRhys. Actad0, 1063 (1967).
7. V. Emma, S. LoNigroNucl. Instrum. Method$28, 355 (1975).
8. R. Bonetti, C. Chiesa, A. Guglielmetti, R. Matheoud, G. Poli, V. L. Mikheev, S. P. Tretyakova.

Phy. Rev./C51, 2530 (1995).

9. A. Sandulescu, Yu. S. Zamyatnin, I. A. Lebedeyv, B. F. Myasoedoyv, S. P. Tretyakova, D. Hasegan.
JINR Rapid Communications No. 4-84, 5 Joint Institute for Nuclear Research, Dubna, USSR
(1984).

10. A. H. Jaffey, A. Hirsch, unpublished data, 1951 cited in E. K. Hyde.Nuclear Properties of
the Heavy Element¥0l. Ill, p.75, Prentice-Hall, Englewood Cliffs (1964).

11. R. Bonetti, E. Fioretto, C. Migliorino, A. Pasinetti, F. Barranco, E. Vigezzi, R. A. Br&liss.
Lett. B241, 179 (1990).

12. B. M. Aleksandrov, L. S. Krivokhatskii, L. Z. Malkin, K. A. Petrzh&lav. Atom. Energg0, 352
(1966).

13. H. R. von Gunten, A. Gruetter, H. W. Reist, M. Baggens$tbgs. Rev. @3, 1110 (1981).

14. A. Ghiorso, G. H. Higgins, A. E. Larsh, G. T. Seaborg, S. G. Thompsors. Rev87, 163
(1952).

15. S. Wang, P. B. Price, S. W. Barwick, K. J. Moody, E. K. HEHBYs. Rev. @6, 2717 (1987).

16. A. Gritter, H. R. von Gunten, V. Herrnberger, B. Hahn, U. Mosel, H. W. Reist, G. Stetten, Proc.
Conf. Phys. Chem. of Fission, Rochester, 1973, Vol. |, 305 (1974).

17. A. H. Jaffey, A. Hirsch, unpublished data, 1949 cited in E. K. Hyde.Nuclear Properties of
the Heavy Element¥0l. 1ll, p. 75, Prentice-Hall, Englewood Cliffs (1964).

18. H. Conde, M. Holmbergl. Nucl. Energy5, 331 (1971).

19. S. N. Belenky, M. D. Skorokhvatov, A. V. Eteni8nv. Atom. Energy5s, 528 (1983).

20. W. J. Whitehouse, W. Galbraithhil. Mag.41, 429 (1950).

21. R. L. Fleischer, P. B. Pricehys. Rev. B33 2975 (1964).

22. J. H. Roberts, R. Gold, R. J. ArmaRhys. Revl74, 1482 (1968).

23. H. R.von GunterActinides ReVl, 275 (1969).

24. D. Galliker, E. Hugentobler, B. Hahidelv. Phys. Act&3, 593 (1970).

25. D.Storzer, Thesis Universitat Heidelberg (1970).

26. J. D. Kleeman, J. F. LoverinGeochim. Cosmochim. Ac8b, 637 (1971).

27. W. M. Thury.Acta Phys. Aus33, 375 (1971).

28. M. P. T. Leme, C. Renner, M. Cattaducl. Instrum. Method81, 577 (1971).

29. H. A. Khan, S. A. DurranRad. Effectd7, 133 (1973).

30. K. N. Ivanov, K. A. PetrzhalSov. Atom. Energ96, 514 (1975).

31. G. A. Wagner, B. S. Reimer, H. Faul, R. van der Linden, R. GifBelschim. Cosmochim. Acta
39, 1279 (1975).

32. K. Thiel, W. HerrEarth Planet. Sci. Letter30, 50 (1976).

33. M. Kase, J. Kikuchi, T. Dokd&lucl. Instrum. Method$54, 335 (1978).

34. A. G. Popeko, G. M. Ter-AkopiaNucl. Instrum. Method&78 163 (1980).

35. E. R. V. SpaggiarAn. Acad. Brasil. Ciend&2, 213 (1980).

© 2000 IUPAC, Pure and Applied Chemistry 72, 1525-1562



36.
37.

38.

39.
40.

41.
42.
43.

44,

45,

46.
47.
48.
49.

50.
51.

52.
53.
54.
55.
56.
57.
58.

59.

60.
61.

62.
63.
64.
65.
66.
67.

68.

Spontaneous fission half-lives for ground-state nuclides 1555

Z. N. R. Baptista, M. S. M. Mantovani, F. B. Ribe#m. Acad. Brasil. Cien&3, 437 (1981).

J. C. Hadler, C. M. G. Lattes, A. Marques, M. D. D. Marques, D. A. B. Serra, G. Bigagki,
Tracksbh, 46 (1981).

H. G .de Carvalho, J. B. Martins, E. L. Medeiros, O. A. P. Tavidted. Instrum. Method$97,

417 (1982).

R. VartanianHelv. Phys. Act®7, 416 (1984).

M. P. lvanov, G. M. Ter-Akopian, B. V. Fefilov, A. S. VoronNucl. Instrum. Method&234, 152
(1985).

S. S. Liu, F. Zhangcience in Chin&4, (9), 1120 (1991).

V. A. Druin, V. P. Perelygin, G. |. Khlebnika8ov. Phys. JETR3, 913 (1961).

Ju. A. Selickij, V. B. Funstein, V. A. Jakovlev. Proc. 38th Annual Conf. Nuclear Spectros. and
Structure in Atomic Nuclei, Baku, 12-14 Apr., p. 131, Acad. Sci. USSR (1988).

A. A. Ogloblin, N. I. Venikov, S. K. Lisin, S. V. Pirozhkoov, V. A. Pchelin, Yu. F. Rodionov, V.
M. Semochkin, V. A. Shabroy, I. K. Shvetsov, V. M. Shubko, S. P. Tretyakova, V. L. Mikheev.
Phys. Lett. B35 35 (1990).

M. Hussonnois, J. F. Le Du, D.Trubert, R. Bonetti, A. Guglielmetti, T. Guzel, S. P. Tretyakova,
V. L. Mikheev, A. N. Golovchenko, V. A. Ponomarenk& TP Lett.62, 701 (1995).

A. H. Jaffey, A. Hirsch. Argonne Nat. Lab. Report ANL-4286 (1949).

J. D. Hastings, W. W. Strohi. Inorg. Nucl. ChenB4, 25 (1972).

R. R. Gay, R. SheRull. Amer. Phys. So@0, 160 (1975).

A. A. Druzhinin, V. N. Polynov, A. M. Korochkin, E. A. Nokitin, L. |. Lagutirov. J. At. Energy

59, 628 (1985).

E. M. Kindermann. Hanford Lab. Report HW-27660 (1953).

F. R. Barclay, W. Galbraith, K. M.Glover, G. R.Hall, W. J. WhitehoRez. Phys. Soc. (London)
A67, 646 (1954).

O. Chamberlain, G. W. Farwell, E. Sedrys. Revd4, 156 (1954).

V. L. Mikheev, N. K. Skobelev, V. A. Druin, G. N. Fler@&ov. Phys. JETRO, 612 (1959).

D. E. Watt, F. J. Bannister, J. B. Laidler, F. BroRhys. Rev126 264 (1962).

L. Z. Malkin, I. D. Alkhazov, A. S. Krivokhatsky, K. A. Petrzh@tom. Energidal5, 158 (1963).

P. H. White, priv. comm. cited ih Nucl. Energy21, 749 (1967).

P. Fieldhouse, D. S. Mather, E. R. Cullifa¥dNucl. Energy21, 749 (1967).

C. Budtz-Jorgensen, H. H. Knitter, M. Mailly, R. Vogt. Euratom Progr. Rep. NEANDC(E)-212-3,
5 (1980).

A. A. Androsenko, P. A. Androsenko, Yu. V. Ivanov, A. E. Konyaev, V. F. Kositsyn, E. M. Tsenter,
V. T. ShchebolevSov. J. At. Energ§7, 788 (1984).

N. Dytlewski, M. G. Hines, J. W. Boldemaxucl. Sci. Eng102, 423 (1989).

Yu. V. lvanov, A. E. Konyaeyv, V. F. Kositsyn, E. A. Khol'nova, V. T. Shchebolev, M. F. Yuden.
Sov. J. At. Energy0, 491 (1991).

J. F. Mech, H. Diamond, M. H. Studier, P. R. Fields, A. Hirsch, C. M. Stevens, R. F. Barnes, D.
J. Henderson, J. R. Huizendrhys. Revi03 340 (1956).

J. P. Butler, M. Lounsbury, J. S. Merr®an. J. Chem34, 253 (1956).

J. W. Meadows, Argonne Nat. Lab. Report ANL/NDM-38 (1977).

N. A. Khan, H. A. Khan, K. Gul, M. Anwar, G. Hussain, R. A. Akber, A. Waheed, M. S. Shaikh.
Nucl. Instrum. Method$73 163 (1980).

P. R. Fields, J. E. Gindler, A. L. Harkness, M. H. Studier, J. R. Huizenga, A. M. Fridelmyan,
Rev.100, 172 (1955).

P. R. Fields, A. M. Friedman, J. Milsted, J. Lerner, C. N. Stevens, D. Metta, W. K. Sé&diine,

212 131 (1966).

B. M. Gokhberg, S. M. Dubrovina, V. A. Shiglov. J. Nucl. Phy25, 11 (1977).

© 2000 IUPAC, Pure and Applied Chemistry 72, 1525-1562



1556 N. E. HOLDEN AND D. C. HOFFMAN

69. M. S. Moore, C. Budtz-Jorgensen, H. H. Knitter, C. E. Olsen, J. A. Wartena, H. Weigmann. Proc.
Int. Conf. Nucl. Data for Sci. Technol., Sept. 6-10, 1982 at Antwerp, Belgium, p.74 (1983).

70. V. A. Druin, V. L. Mikheev, N. K. Skobele%ov. Phys. JETR3, 216 (1961).

71. R. Gold, R. J. Armani, J. H. Robe®hys. Rev. @, 738 (1970).

72. M. Paul, I. Ahmad, W. Kutscherahys. Rev. G4, 1980 (1986).

73. K. J. Moody, E. K. Hulet, S. Wang, P. B. Price, S. W.Barwitks. Rev. 36, 2710 (1987).

74. 1. A. Kukushkin, V. E. Makarenko, Yu. D. Molchanov, G. A. OtroshcheRkys. At. Nucl56,

1157 (1993).

75. J. T. Caldwell, S. C. Fultz, C. D. Bowman, R. W. HBtfiys. Revl55 1309 (1967)

76. A. G. Zelenkov, V. A. Pchelin, Yu. F. Rodionov, L. V. Chistyakov, V. S. Shiryeav, V. M. Shubko.
Sov. J. At. Energ§0, 492 (1986).

77. B. M. Aleksandrov, L. S. Krivokhatskii, L. Z. Malkin, K. A. Petrzh&8av. J. At. Energ20, 352
(1966).

78. B. A. Gvozdev, B. B. Zakhvataev, V. |. Kuznetsov, V. P. Perelygin, S. V. Pirozhkov, E. G.
Chudinov, I. K. Shvetsosov. Radiochen®, 459 (1966).

79. G. C. Hanna, B. G. Harvey, N. Moss, P. R. TunniclPieys. Re\81, 466 (1951).

80. R.J. Armani, R. Gold. Proc. Symp. on Standardization of Radionuclides, IAEA-Vienna, Austria,
p. 621 (1967).

81. H. Q. Zhang, J. C.Xu, T. Q.Wahin. J. Nucl. Physl, 21 (1979).

82. K. Raghuraman, N. K. Chaudhuri, A. V. Jadhav, C. K. Sivaramakrishnan, R. HRag&chem.
Radioanal. Lett55, 1 (1982).

83. H. Umezawa, Fifth Research Coordination Meeting on Measurement and Evaluation of
Transuranium Isotope Nuclear Data. Geel, Belgium. IAEA Rep. No. INDC(NDS)-138 p.32
(1982).

84. S.Usuda, H.Umezawhlucl. Tracks Radiat. Mea’6, 247 (1989).

85. V. N. Polynov, A. A. Druzhinin, A. M. Korochkin, E. A. Nikitin, V. A. Bochkarev, V. N. Vyachin,

V. G. Lapin, M. Yu. MaksimovAtom. Energiye&2, 277 (1987).

86. L. Z. Malkin, I. D. Alkhazov, A. S. Krivokhatskii, K. A. Petrzhak, L. M. BelBav. J. At. Energy
15, 955 (1963).

87. D. Metta, H. Diamond, R. F. Barnes, J. Milsted, J. Gray, Jr., D. J. Henderson, C. M. Stevens.
Inorg. Nucl. Chem27, 33 (1965).

88. D. M. Barton, P. G. Koontd. Inorg. Nucl. Chen32, 769 (1970).

89. J. D. Hastings, W. W. Strohth. Inorg. Nucl. Chen4, 3597 (1972).

90. A. K. Pandey, R. C. Sharma, P. C. Kalsi, R. H. IMecl. Instrum. Methods B2, 151 (1993).

91. A. A. Druzhinin, V. N. Polynov, S. P. Vesnovskii, A. M. Korochkin, A. A. Lbov, E. A. Nikitin.
Dokl. Akad. Nauk. SSSH0, 1351 (1985).

92. P. R. Fields, M. H. Studier, H. Diamond, J. F. Mech, M. G. Inghram, G. L. Pyle, C. M. Stevens,
S. M. Fried, W. M. Manning, A. Ghiorso, S. G. Thompson, G. H. Higgins, G. T. Se&iuyrg.
Rev.102, 180 (1956).

93. S. M. Fried, G. L. Pyle, C. M. Stevens, J. R. Huizedghnorg. Nucl. Chen®, 415 (1956).

94. D. H. Metta, H. Diamond, F. R. Kelly. Inorg. Nucl. Chen1, 1245 (1969).

95. K. W. MacMurdo, R. M. Harbour, R. W. Benjamih.Inorg. Nucl. Chen83, 1241 (1971).

96. J. P. Butler, T. A. Eastwood, H. G. Jackson, R. P. Schuphgs. Rev103 965 (1956).

97. J. E. McCracken, J. R. Stokely, R. D. Baybarz, C. E. Bemis, Jr., Rl.Hhgrg. Nucl. ChenB3,

3251 (1971).

98. J. R. Huizenga, H. Diamonihys. Revi07, 1087 (1957).

99. Combined Radiochemistry Grolghys. Revi48 1192 (1966).

100. D. N. Metta, P. E. Moreland. Inorg. Nucl. Chen9, 2822 (1967).

101. L. B. Magnusson, M. H. Studier, P. R. Fields, C. M. Stevens, J. F. Mech, A. M. Friedman, H.
Diamond, J. R. Huizeng®hys. Re\96, 1576 (1954).

© 2000 IUPAC, Pure and Applied Chemistry 72, 1525-1562



102.

103.

104.

105.
106.

107.

108.
109.
110.
111.
112.

113.
114.
115.
116.
117.
118.
119.
120.
121.
122.
123.
124.

125.
126.

127.
128.
129.
130.

131.

132.

133

134.

Spontaneous fission half-lives for ground-state nuclides 1557

H. Diamond, L. B. Magnusson, J. F. Mech, C. M. Stevens, A. M. Friedman, M. H. Studier, P. R.
Fields, J. R. Huizeng®hys. Rew4, 1083 (1954).

A. Ghiorso, quoted in E. K. Hyde, “Nuclear Properties of the Heavy Elements”, Vol lll, p.77,
Prentice Hall (1964).

T. A. Eastwood, J. P. Butler, M. J. Cabell, H. G. Jackson, R. P. Schuman, F. M. Rourke, T. L.
Collins. Phys. Rev107, 1635 (1957).

J. Milsted, E. P. Horwitz, A. M. Friedman, D. N. Mettalnorg. Nucl. Chen1, 1561 (1969).

P. E. Vorotnikov, S. M. Dubrovina, G. A. Otroshchenko, L. V. Chistyakov, V. A. Shigin, V. M.
Shubko.Sov. J. Nucl. Phy4.0, 419 (1970).

Yu. A. Lazarev, I. V. Shirokovsky, V. K. Utyonkov, S. P. Tretyakova, V. B. Kubgel. Phy./A

588 501 (1995).

E. K. Hulet, S. Thompson, A. Ghior&hys. Rew89, 878 (1953).

A. M. Friedman, J. Milste®Phys. Revl31, 772 (1963).

N. N. Skobelev, B. A. Gvozdey, V. A. DruiBov. J. At. Energ24, 69 (1968).

E. K. Hulet, S. Thompson, A. Ghiordthys. Rew5, 1703 (1954).

V. P. Perelygin, S. P. Tretyakova, G. I. Khlebnikov, OlYal Preprint 1635 Dubna, USSR (1964)
quoted by Skobeléd’.

E. K. Hulet, J. F. WildRadiochim. Radioanal. Lett.3, 217 (1973).

N. I. Tarantin, G. V. Buklanov, Kim Su Men, Yu. S. Koroti&ov. J. At. Energ§2, 407 (1987).

A. Ghiorso, S. G. Thompson, G. R. Choppin, B. G. HaRikys. Re\94, 1081 (1954).

L. Phillips, R. C. Gatti, R. Brandt, S. G. Thompsbrinorg. Nucl. Chen5, 1085 (1963).

K. D. SevierNucl. Instrum. Method&4, 318 (1961).

B. M. Aleksandrov, M. A. Bak, V. G. Bogdanov, S. S. Bugorkov, A. V. Drapchinskii, Z. I.
Solov’eva, A. V. SorokinaSov. J. At. Energg8, 462 (1970).

B. G. Harvey, S. G. Thompson, G. R. Choppin, A. Ghidthgs. Rew9, 337 (1955).

W. C. Bentley, H. Diamond, P. R. Fields, A. M. Friedman, J. E. Gindler, D. C. Hess, J. R.
Huizenga, M. G. Inghram, A. H. Jaffey, L. B. Magnusson, W. M. Manning, J. F. Mech, G. L. Pyle,
R. Sjoblom, C. M. Stevens, M. H. Studier, 55 Geneva CQr#61 (1956).

C. E. Bemis, Jr., J. HalperMucl. Phys./AL21, 433 (1968).

D. C. Hoffman, J. B. Wilhelmy, J. Weber, W. R. Daniels, E. K. Hulet, R. W. Lougheed, J. H.
Landrum, J. F. Wild, R. J. DupzyRhys. Rev./@1, 972 (1980).

P. R. Fields, M. H. Studier, J. F. Mech, H. Diamond, A. M. Friedman, L. B. Magnusson, J. R.
HuizengaPhys. Rew4, 209 (1954).

M. Jones, R. P. Schuman, J. P. Butler, G. Cowper, T. A. Eastwood, H. G. JRbksoRev102,

203 (1956).

W. C. McHarris, UCRL-11784 (July, 1965); quoted by Fiéfds

P. R. Fields, H. Diamond, A. M. Friedman, J. Milsted, J. L. Lerner, R. F. Barnes, R. K. Sjoblom,
D. N. Metta, E. P. HorwitZNucl. Phys.//06, 440 (1967).

G. M. Ter-Akopyan, A. S. lljinov, Yu. Ts. Oganessian, O. A. Orlova, G. S. Popeko, S. P.
Tretyakova, V. I. Chepigin, B. V. Shilov, G. N. Fler®ucl. Phys./A2255 509 (1975).

M. Nurmia, T. Sikkeland, R. Silva, .Ghior§thys. Lett./B6, 78 (1967).

V. A. Druin, N. K. Skobelev, V. I. RudSov. J. Nucl. Phy4.2, 74 (1971).

V. Ninov, F. P. Hessberger, S. Hofmann, H. Folger, G.Mlinzenberg, P. Armbruster, A. V. Yeremin,
A. G. Popeko, M. Leino, S. Sara, Phys./A356, 11 (1996).

Yu. A. Lazarev, Yu. V. Lobanov, R. N. Sagaidak, V. K. Utyonkov, M. Hussonnois, Yu. P.
Kharitonov, I. V. Shirokovsky, S. P. Tretyakova, Yu. Ts. Oganess$thgs. Scripta39, 422
(1989).

A. M. Friedman, J. E. Gindler, R. F. Barnes, R. Sjoblom, P. R. Aitigts. Rev102, 585 (1956).

. Argonne Heavy Element Group, Oak Ridge Trans-uranium Symposium (Nov. 1966).

I. Ahmad, J. L. LerneNucl. Phys./A13 423 (1984).

© 2000 IUPAC, Pure and Applied Chemistry 72, 1525-1562



1558

135.
136.
137.
138.
139.
140.
141.
142.
143.
144,
145.
146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

N. E. HOLDEN AND D. C. HOFFMAN

G. R. Choppin, S. G. Thompson, A. Ghiorso, B. G. HaRieys. Rew4, 1080 (1954).

G. R. Choppin, B. G. Harvey, S. G. Thompson, A. Ghid?hgs. Rew8, 1519 (1955).

L. Phillips, R. Gatti, A. Chesne, L. Muga, S. Thomp#&iys. Rev. Lettl, 215 (1958).

T. Sikkeland, A. Ghiorso, R. Latimer, A. E. LarBhys. Rev140 B277 (1965).

R. W. Hoff, J. E. Evans, E. K. Hulet, R. J. Dupzyk, B. J. Qualhi¢iml. Phys./A15 225 (1968).

E. K. Hulet, R. W. Hoff, J. E. Evans, R. W. Loughd®uys. Rev. Letll3, 343 (1964).

J. F. Wild, E. K. Hulet, R. W. LougheeH.Inorg. Nucl. ChenB5, 1063 (1973).

E. K. Hulet, J. F. Wild, R. W. Lougheed, J. E. Evans, B. J. Qualheim, M. Nurmia, A. Ghiorso.
Phys. Rev. LetR6, 523 (1971).

E. K. Hulet, R. W. Lougheed, J. F. Wild, R. J. Dougan, K. J. Moody, R. L. Hahn, C. M.
Henderson, R. J. Dupzyk, G. R. BethuRhys. Rev./34, 1394 (1986).

E. K. Hulet, R. W. Lougheed, J. H. Landrum, J. F. Wild, D. C. Hoffman, J. Weber, J. B. Wilhelmy.
Phys. Rev./Q1, 966 (1980).

D. C. Hoffman, D. Lee, A. Ghiorso, M. J. Nurmia, K. Aleklett, M. Leidbys. Rev./Q4, 495
(1981).

L. P. Somerville, M. J. Nurmia, J. M. Nitschke, A. Ghiorso, E. K. Hulet, R. W. LougRbgd,
Rev./C31, 1801 (1985).

R. W. Lougheed, E. K. Hulet, J. F. Wild, R. J. Dougan, R. J. Dupzyk, C. M. Henderson, K. J.
Moody, R. E. Glaser R. L. Hahn, K. Simmerer, G. R. Bethune. Livermore Nat. Lab Rept. UCRL-
JC-109951 (1992).

S. Hofmann, V. Ninov, F. P. Hessberger, H. Folger, G. Miinzenberg, H. J. Schott, P. Armbruster,
A. N. Andreyev, A. G. Popeko, A. V. Yeremin, M. E. Leino, R. Janik, S. Saro, M. Veselsky,
Darmstadt Annual Report 1993, GSI 94-1, 64 (March 1994).

Yu. P. Gangrsky, M. B. Miller, L. V. Mikhailov, I. F. Kharisa8ov. J. Nucl. Phys31, 162
(1980).
R. W. Hoff, E. K. Hulet, R. J. Dupzyk, R. W. Lougheed, J. E. Evdusl. Phys./A169, 641
(1971).

K. J. Moody, R. W. Lougheed, J. F. Wild, R. J. Dougan, E. K. Hulet, R. W. Hoff, C. M.
Henderson, R. J. Dupzyk, R. L. Hahn, K. Stimmerer, G. D. O'Kelly, G. R. BetNuak.Phys./A

563 21 (1993).

R. W. Lougheed, E. K. Hulet, R. J. Dougan, J. F. Wild, R. J. Dupzyk, C. M. Henderson, K. J.
Moody, R. L. Hahn, K. Simmerer, G. R. Bethuheless-Common Met22 461 (1986).

J. F. Wild, E. K. Hulet, R. W. Lougheed, P. A. Baisden, J. H. Landrum, R. J. Dougan, M. G.
Mustafa.Phys. Rev./@6, 1531 (1982).

E. K. Hulet, J. F. Wild, R. J. Dougan, R. W. Lougheed, J. H. Landrum, A. D. Dougan, M. Schéadel,
R. L. Hahn, P. A. Baisden, C. M. Henderson, R. J. Dupzyk, K. Simmerer, G. R. Bé&thyse.

Rev. Lett56, 313 (1986).

A. Ghiorso, T. Sikkeland, M. J. NurmRhys. Rev. Letll8, 410 (1967).

C. E. Bemis, Jr,, R. L. Ferguson, F. Plasil, R. J. Silva, F. Pleasonton, R. LPHghrRev./G5,

705 (1977).

A. N. Andreyev, D. D. Bogdanov, V. I. Chepigin, A. P. Kabachenko, O. N. Malyshev, R. N.
Sagaidak, L. I. Salamatin, G. M. Ter-Akopian, A. V. Yeren@inPhys. A345 389 (1993)

J. F. Wild, E. K. Hulet, R. W. Lougheed, K. J. Moody, B. B. Bandong, R. J. Dougan, A. Veeck.
J. Alloys Compd?213/214 86 (1994)

G. N. Flerov, V. I. Kuznetsov, N. K. Skobel&av. J. At. Energ22, 611 (1967).

A. Turler, H. W. Gé&ggler, D. T. Jost, P. Armbruster, W. Brichle, H. Folger, F. P. Hessberger, S.
Hofmann, G. Minzenberg, V. Ninov, M. Schadel, K. Simmerer, J. V. Kratz, U. ScBerer.
Phys./A331, 363 (1988).

G. N. Flerov, A. G. Demin, V. A. Druin, Yu. V. Lobanov, V. L. Mikheev, S. M. Polikanov, V. A.
ShchegolevSov. J. Nucl. Phyg, 168 (1968).

© 2000 IUPAC, Pure and Applied Chemistry 72, 1525-1562



162.

163.

164.
165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

175.

176.

177.

178.

179.

180.

181.

182.
183.

Spontaneous fission half-lives for ground-state nuclides 1559

D. C. Hoffman, D. M. Lee, K. E. Gregorich, M. J. Nurmia, R. B. Chadwich, K. B. Chen, K. R.
Czerwinski, C. M. Gannett, H. L. Hall, R. A. Henderson, B. Kadkhodayan, S. A. Kreek, J. D.
Leyba.Phys. Rev./@1, 631 (1990).

Yu. A. Lazarev, Proc. XXIV International Workshop on Gross Properties of Nuclei and Nuclear
Excitations, Hirschegg, Kleinwalsertal, Austria, 15-20 January 1996, Dubna Report, JINR-E7-
96-82, (March 1996).

M. Nurmia, K. Eskola, P. Eskola, A. Ghiorso, UCRL-18667 p.63 (1969).

E. K. Hulet, J. F. Wild, R. J. Dougan, R. W. Lougheed, J. H. Landrum, A. D. Dougan, P. A.
Baisden, C. M. Henderson, R. J. Dupzyk, R. L. Hahn, M. Schéadel, K. Simmerer, G. R. Bethune.
Phys. Rev./@0, 770 (1989).

R. W. Lougheed, E. K. Hulet, J. F. Wild, K. J. Moody, R. J. Dougan, C. M. Gannett, R. A.
Henderson, D. C. Hoffman, D. M. Lee. “50 Years With Nuclear Fission” Conference, Vol. Il,
p.694, Washington, DC, April 25-28, 1989, publ. by Amer. Nucl. Soc. Inc., LaGrange, IL 60525
(1989); see also report UCAR 10062-88, 135 (1988).

Yu. Ts. Oganessian, A. G. Demin, N. A. Danilov, G. N. Flerov, M. P. Ilvanov, A. S. lljinov, N. N.
Kolesnikov, B. N. Markov, V. M. Plotko, S. P. TretyakoMucl. Phys./A273 505 (1976).

F. P. Hessberger, G. Munzenberg, S. Hofmann, Y. K. Agawal, K. Poppensieker, W. Reisdorf, K.-
H. Schmidt, J. R. H. Schneider, W. F. W. Schneider, H. J. Schott, P. Armbruster, B. Thuma, C.-C.
Sahm, D. Vermeuler,. Phys./A322, 557 (1985); F. P. Hessberger, Priv. Comm. (1986).

K. Eskola, P. Eskola, M. Nurmia, A. Ghior&tys. Rev./@, 632 (1971).

G. N. Flerov, Yu. Ts. Oganessian, Yu. V. Lobanov, Yu. A. Lazarev, S. P. Tretyakova, |. V. Kolesov,
V. M. Plotko.Sov. J. At. Energg9, 967 (1970).

G. N. Flerov, Yu. Ts. Oganessian, Yu. V. Lobanoyv, Yu. A. Lazarev, S. P.T retyakova, I. V. Kolesov,
V. M. Plotko.Nucl. Phys./AL60, 181 (1971).

K. E. Gregorich, H. L. Hall, R. A. Henderson, J. D. Leyba, K. R. Czerwinski, S. A. Kreek, B. A.
Kadkhodayan, M. J. Nurmia, D. M. Lee, D. C. Hoffm&hys. Rev./@5, 1058 (1992).

T. M. Hamilton, K. E. Gregorich, D. M. Lee, K. R. Czerwinski, N. J. Hannink, C. D. Kacher, B.
Kadkhodayan, S. A. Kreek, M. J. Nurmia, M. R. Lane, M. P. Neu, A. Turler, D. C. Hoffman.
Phys. Rev./@6, 1873 (1992).

R. W. Lougheed, K. J. Moody, R. J. Dougan, J. F. Wild, E. K. Hulet, R. J. Dupzyk, C. M.
Henderson, C. M. Gannett, R. A. Henderson, D. C. Hoffman, D. M. Lee, K. Simmerer, R. L.
Hahn, Lawrence Livermore Nat. Lab. Rept. UCAR 10062-87, 4-2 (1987).

G. N. Flerov, CERN 76-13, p.542 (July 15, 1976).

F. P. Hessberger, S. Hofmann, V. Ninov, P. Armbruster, H. Folger, G. Miinzenberg, H. J. Schétt,
A. G. Popeko, A. V. Yeremin, A. N. Andreyev, S. SatoPhys./A359, 415 (1997).

Yu. Ts. Oganessian, A. G.Demin, A. S. lljinov, S. P. Tretyakova, A. A. Pleve, Yu. E.
Penionzhkevich, M. P. lvanov, Yu. P. Tretyakiucl. Phys./A239 157 (1975).

G. Minzenberg, S. Hofmann, W. Faust, K. Giittner, F. P. Hessberger, W. Reisdorf, C. C. Sahm,
K. H. Schmidt, B. Thuma, D. Vermeulen, P. Armbruster, Proc. Actinides-1981 Conf., Pacific
Grove, California, p.223,Pergamon, Oxford (1981).

Yu. Ts. Oganessian, A. G. Demin, M. Hussonnois, S. P. Tretyakova, Yu. P. Kharitonov, V. K.
Shirokovsky, O. Constantinescu, H. Bruchertseifer, Yu. S. Koro&inPhys./A319, 215
(1984).

F. P. Hessberger, G. Miinzenberg, S. Hofmann, W. Reisdorf, K.-H. Schmidt, H. J. Schétt, P.
Armbruster, R. Hingmann, B. Thuma, D. Vermuel&iPhys./A321,317 (1985).

Yu. Ts. Oganessian, M. Hussonnois, A. G. Demin, Yu. P. Kharitonov, V. K. Shirokovsky, H.
Bruchertseifer, O. Constantinescu, Yu. S. Korotkin, S. P. Tretyakova, V. K. Utyonkov, I. V.
Shirokovsky, J. EsteveRadiochim. Act&87, 113 (1984).

C. E. Bemis, Jr., priv. comm. Quoted by M. R. Schmad¥ak]. Data Sheets9, 611 (1990).

A. Ghiorso, M. Nurmia, J. Harris, K. Eskola, P. EskBlays. Rev. LetR2, 1317 (1969).

© 2000 IUPAC, Pure and Applied Chemistry 72, 1525-1562



1560 N. E. HOLDEN AND D. C. HOFFMAN

184

185.

186.

187.

188.

189.

190.

191.
192.

193.

194.

195.
196.
197.
198.
199.
200.
201.

202.

203.

204.
205.

. V. A. Druin, Yu. V. Lobanov, D. M. Nadcarni, Yu. P. Kharitonov, Yu. S. Korotkin, S. P.
Tretyakova, V. |. KrashonkirSov. J. At. Energ$5, 946 (1973).

C. E. Bemis, Jr., P. F. Dittner, R. L. Ferguson, D. C. Hensley, F. Plasil, F. PleaBbgtrRev./C

23, 555 (1981).

G. N. Flerov, Yu. Ts. Oganessian, Yu. V. Lobanov, V. I. Kuznetsov, V. A. Druin, V. P. Perelygin,
K. A. Gavrilov, S. P. Tretyakova, V. M. PlotkBhys. Lett13, 73 (1964).

Yu. Ts. Oganessian, Yu. V. Lobanov, S. P. Tretyakova, Yu. A. Lazarev, |. V. Kolesov, K. A.
Gavrilov, V. M. Plotko, Yu. V. Poluboyarino®ov. J. At. Energg8, 502 (1970).

V. A. Druin, Yu. S. Korotkin, Yu. V. Lobanov, Yu. V. Poluboyarinov, R. N. Sagaidak, G. M.
Solov'eva, S. P. Tretyakova, Yu.P.Khariton8av. J. Nucl. Phy24, 131 (1976).

V. A. Druin, B. Bochey, Yu. S. Korotkin, V. N. Kosyakov, Yu. V. Lobanov, E. A. Minin, Yu. V.
Poluboyarinov, A. G. Rykov, R. N. Sagaidak, S. P. Tretyakova, Yu. P. KharitSowov.J. At.
Enegy 43, 785 (1977).

J. M. Nitschke, M. Fowler, A. Ghiorso, R. E. Leber, M. E. Leino, M. J. Nurmia, L. P.
Sommerville, K. E. Williams, E. K. Hulet, J. H. Landrum, R. W. Lougheed, J. F. Wild, C. E.
Bemis, Jr., R. J. Silva, P. Eskolucl. Phys./A352, 131 (1981).

A. Ghiorso, M. Nurmia, K. Eskola, P. Eskdbays. Lett./B32, 95 (1970).

B. Kadkhodayan, A. Turler, K. E. Gregorich, P. A. Baisden, K. R. Czerwinski, B. Eichler, H. W.
Géaggeler, T. M. Hamilton, D. T. Jost, C. D. Kacher, A. Kovacs, S. A. Kreek, M. R. Lane, M. F.
Mohar, M. P. Neu, N. J. Stoyer, E. R. Sylwester, D. M. Lee, M. J. Nurmia, G. T. Seaborg, D. C.
Hoffman.Radiochim. Act&2, 169 (1996).

Yu. A. Lazarev, Yu. V. Lobanov, Yu. Ts. Oganessian, V. K. Utyonkov, F. Sh. Abdullin, G. V.
Buklanov, B. N. Gikal, S. lliev, A. N. Mezentsev, A. N. Polyakov, I. M. Sedykh, I. V. Shirokovsky,
V. G. Subbotin, A. M. Sukhov, Yu. S. Tsyganov, V. E. Zhuchko, R. W. Lougheed, K. J. Moody,
J. F. Wild, E. K. Hulet, J. H. McQuaiéhys. Rev. Let#Z3, 624 (1994).

M. R. Lane, K. E. Gregorich, D. M. Lee, M. F. Mohar, M. Hsu, C. D. Kacher, B. Kadkhodayan,
M. P. Neu, N. J. Stoyer, E. R. Sylwester, J. C. Yang, D. C. Hofffahps. Rev./G3, 2893
(1996).

G. N. Flerov. JINR-E7-10128 (1976).

Yu. Ts. Oganessian. JINR-D7-83-644 (1983).

A. Ghiorso, M. Nurmia, K. Eskola, J. Harris, P. EskBlays. Rev. LetR4, 1498 (1970).

C. E. Bemis, Jr., P. F. Dittner, R. J. Silva, R. L. Hahn, J. R. Tarrant, L. D. Hunt, D. C. Hensley.
Phys. Rev./d6, 1146 (1977).

A. Ghiorso, M. Nurmia, K. Eskola, P. Eskdbnys. Rev./@, 1850 (1971).

M. R. Lane, K. E. Gregorich, D. M. Lee, B. Wierczinski, C. A. McGrath, M. B. Hendricks, D. A.
Shaughnessy, D. A. Strellis, E. R. Sylwester, P. A. Wilk, D. C. Hoffrirags. Rev./G8, 3413
(1998).

C. E. Bemis, Jr,, R. L. Ferguson, F. Plasil, R. J. Silva, G. D. O’Kelly, M. L. Kiefer, R. L. Hahn,
D. C. Hensley, E. K. Hulet, R. W. Loughedthys. Rev. LetB9, 1246 (1977).

V. A. Druin, B. Bochey, Yu. V. Lobanov, R. N. Sagaidak, Yu. P. Kharitonov, S. P. Tretyakova, G.
G. Gul'bekyan, G. V. Buklanov, E. A. Erin, V. N. Kosyakov, A. G. Ryksav. J. Nucl. Phy£9,

591 (1979).

K. E. Gregorich, R. A. Henderson, D. M. Lee, M. J. Nurmia, R. M. Chasteler, H. L. Hall, D. A.
Bennett, C. M. Gannett, R. B. Chadwick, J. D. Leyba, D. C. HoffiRadiochim. Actal3, 223
(1988).

J. V. Kratz, H. R. Zimmermann, U. W. ScheRadiochim. Actal8, 121 (1989).

J. V. Kratz, M. K. Gober, H. R. Zimmermann, M. Schadel, W. Bruchle, E. Schimpf, K. E.
Gregorich, A. Turler, N. J. Hannink, K. R. Czerwinski, S. A. Kreek, B.A.Kadkhodayan, D. M.
Lee, M. J. Nurmia, D. C. Hoffman, H. Gaggeler, D. Jost, J. Kovacs, U. W. Scherer, A. Weber.
Phys. Rev./@5, 1064 (1992).

© 2000 IUPAC, Pure and Applied Chemistry 72, 1525-1562



206.

207.
208.

209.

210.

211.

212.

213.

214.

215.

216.

217.

218.

219.

220.

221.

222.

Spontaneous fission half-lives for ground-state nuclides 1561

E. K. Hulet, R. J. Dougan, K. J. Moody, R. W. Lougheed, J. F. Wild, K. Simmerer, G. R. Bethune,
R. L. Hahn, J.v an Aarle, K. E. Gregorich, D. C. Hoffman, UCAR 10062-88, 138 (1988).

A. G. Demin, S. P. Tretyakova, V. K. Utyonkov, I. V. ShirokovZkyPhys./A315 197 (1984).

G. Minzenberg, S. Hofmann, H. Folger, F. P. Hessberger, J. Keller, K. Poppensieker, B. Quint,
W. Reisdorf, K.-H. Schmidt, H. J. Schétt, P. ArmbrusfeiPhys./A322, 227 (1985).

Yu. A. Lazarev, Yu. V. Lobanov, Yu. Ts. Oganessian, Yu. S. Tsyganov, V. K. Utyonkov, F. Sh.
Abdullin, S. lliev, A. N. Polyakov, J. Rigol, I. V. Shirokovsky, V. G. Subbotin, A. M. Sukhov, G.

V. Buklanov, B. N. Gikal, V. B. Kutner, A. N. Mezentsev, I. M. Sedykh, D. V. Vakatov, R. W.
Lougheed, J. F. Wild, K. J. Moody, E. K. HulBhys. Rev. Letf5, 1903 (1995).

R. W. Lougheed, K. J. Moody, J. F. Wild, E. K. Hulet, J. H. McQuaid, Yu. A. Lazarev, Yu. V.
Lobanov, Yu. Ts. Oganessian, V. K. Utyonkov, F. Sh. Abdullin, G. V. Buklanov, B. N. Gikal, S.
lliev, A. N. Mezentsev, A. N. Polyakov, I. M. Sedykh, I. V. Shirokovsky, V. G. Subbotin, A.
M.Sukhov, Yu. S. Tsyganov, V. E. Zhuchkb.Alloys Compd213/214 61 (1994). (See also ref.

192)

A. Tlrler, R. Dressler, B. Eichler, H. W. Gaggeler, D. T. Jost, M. Schéadel, W. Briichle, K.E.
Gregorich, N. Trautmann, S. Taithys. Rev. G7 1648 (1998).

M. Schadel, W. Brichle, B.S chausten, E. Schimpf, E. Jager, G. Wirth, R. Glnther, J. V. Kratz,
W. Paulus, A. Seibert, P. Thorle, N. Trautmann, S. Zauner, D. Schumann, M. Andrassy, R. Misiak,
K. E. Gregorich, D. C. Hoffman, D. M. Lee, E. R. Sylwester, Y. Nagame, Y. @adiochim.
Acta77 1349 (1997).

G. Mlnzenberg, P. Armbruster, S. Hofmann, F. P. Hessberger, H. Folger, J. G. Keller, V.Ninov, K.
Poppensieker, A. B. Quint, W. Reisdorf, K.-H. Schmidt, J. R. H. Schneider, H. J. Schétt, K.
Summerer, |. Zychor, M. E. Leino, D. Ackermann, U. Gollerthan, E. Hanelt, W. Morawek, D.
Vermeulen, Y. Fujita, T. SchwaB. Phys./A333 163 (1989).

G. Miinzenberg, S. Hofmann, F. P. Hessberger, D. Ackermann, H. Folger, V. Ninov, K.
Poppensieker, A. B. Quint, W. Reisdorf, K.-H. Schmidt, H.-J. Schoétt, K. Summerer, P.
Armbruster, U. Gollerthan, E. Hanelt, W. Morawek, Y. Fujita, T. Schwab, M. E. Leino, GSI
Scientific Report 1987, GSI-88-1, (March 1988).

Yu. Ts. Oganessian, A. G. Demin, M. Hussonnois, S. P. Tretyakova, Yu. P. Kharitonov, V. K.
Utyonkov, I. V. Shirokovsky, O. Constantinescu, H. Bruchertseifer, Yu. S. Kor@kiRhys./A

319 215 (1984).

V. Ninov, cited in F. P. Hessberger, S. Hoffmann, V. Ninov, P. Armbruster, H. Folger, A.
Lavrentev, M. E. Leino, G. Miinzenberg, A. G. Popeko, S. Saro, Ch. Stodel, A. N. Yeremin,
“Tours Symposium Nucl. Phys. III”, Tours, France, Sept. 2-5, 1997 (1997).

A. G. Demin, M. Hussonnois, Yu. P. Kharitonov, S. P. Tretyakova, V. K. Utyonkov, I. V.
Shirokovsky, O. Constantinescu, Yu. S. Korotkin, H. Bruchertseifer, V. G. Subbotin, J. Estevez,
A. V. Rykhlyuk, V. M. Plotko, Yu. Ts. Oganessian, Dubna Report, JINR-P7-84-233 (1984).

G. Milnzenberg, P. Armbruster, H. Folger, F. P. Hessberger, S. Hofmann, J. Keller, K.
Poppensieker, W. Reisdorf, K.-H. Schmidt, H.-J. ScttPhys./A317, 235 (1984).

S. Hofmann, “Int. Summer School on Heavy lon Physics”, Dubna, USSR, Oct 3-12, 1989, GSI
Report, GSI-89-3 (Nov. 1989).

S. Hofmann, V. Ninov, F. P. Hessberger, P. Armbruster, H. Folger, G. Miinzenberg, H. J. Schétt,
A. G. Popeko, A. V. Yeremin, A. N. Andreyev, S. Saro, R. Janik, M. Lein®hys./A350277

(1995).

G. Minzenberg, S. Hofmann, F. P. Hessberger, H. Folger, V. Ninov, K. Poppensieker, A. B. Quint,
W. Reisdorf, H. J. Schétt, K. Simmerer, P. Armbruster, M. E. Leino, D. Ackermann, U.
Gollerthan, E. Hanelt, W. Morawek, Y. Fujita, T. Schwab, A. TidePhys./A330, 435 (1988).

S. Hofmann, F. P. Hessberger, V. Ninov, P. Armbruster, G. Miinzenberg, C. Stodel, A. G. Popeko,
A. V. Yeremin, S. Saro, M. Lein@. Phys./A358377 (1997).

© 2000 IUPAC, Pure and Applied Chemistry 72, 1525-1562



1562 N. E. HOLDEN AND D. C. HOFFMAN

NOTE ADDED IN PROOF

There have been a number of recent articles published on spontaneous fission half-lives, since this paper
was prepared. The impact of these new articles on the recommended half-life values that are presented
in this paper are noted below.

238 - Guedes reported a half-life value of (8.30 + 0.24)0'° a. This value is in agreement with the
value of (8.2 + 0.1k 10'° a, that was recommended in this paper. There is no change needed.

2%y - Kalsi reported a half-life value of (4.72 + 0.26)0'° a. This value is in agreement with the
value of (4.75 + 0.09% 10'° a, that was recommended in this paper. There is no change needed.

2%y - Kalsi reported a half-life value of (1.10 + 0.20)0' a. This value is in agreement with the
value of (1.14 + 0.01x 10' a, that was recommended in this paper. There is no change needed.

233 - Bonetti reported a half-life value of (2.6 + 0:510'° a. This paper recommended only an lower
limit to the half-life of > 6.8x 10'° a, which was based on an earlier Bonetti measurement. The
recommended value should now be changed to (2.6 +<018}° a, on the basis of this latest
Bonetti measurement.

228Ra - Mikheev reported a lower limit for this half-life of >3410' a. This measurement should now
be recommended, since there has been no previous measurements reported for this half-life.
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