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Abstract: 

(
Presented at 203rd ACS National Meeting) 

San Francisco, CA - April 8, 1992 

Glenn T. Seaborg 

Heavy Ion Nuclear Science 

by 

Walter Loveland 
Dept. of Chemistry 

Oregon State University 
Corvallis, OR 97331 

(A contribution to Transactinium Science -
A Symposium Honoring the Contributions of 

Professor Glenn T. Seaborg) 

Radiochemistry has played a limited but important role in the study of 
nucleus-nucleus collisions. Many of the important radiochemical studies have 
taken place in Seaborg , s laboratory or in the laboratories of others who have 
spent time in Berkeley working with Glenn T. Seaborg. I will discuss studies 
of low energy deep inelastic reactions with special emphasis on charge 
equilibration, studies of the properties of heavy residues in intermediate 
energy nuclear collisions and studies of target fragmentation in relativistic and 
ultrarelativistic reactions. The emphasis will be on the unique information 
afforded by radiochemistry and the physical insight derived from 
radiochemical studies. Future roles of radiochemistry in heavy ion nuclear 
science also will be discussed. 



1. Introduction 

Glenn T. Seaborg has had several different careers, any of which would satisfy a 
lesser person. In this talk, I deal with Seaborg' s contributions to science after his return 
to Berkeley from his position in the Kennedy, Johnson and Nixon administrations. Seaborg 
set up a new laboratory at Berkeley for radiochemistry, assembled a distinguished group of 
collaborators and proceeded to re-establish radiochemistry as an important tool for studying 
nuclear reactions. For the last two decades, Seaborg' s laboratory has served as a training 
ground for young nuclear chemists and a source of stimulation for visitors. His work has 
touched the forefronts of modern nuclear science, involving attempts to make superheavy 
elements and to understand nuclear reactions at energies of tens of Me V to hundreds of 
GeV. 

The Berkeley that Seaborg returned to in 1971 was vastly different from the Berkeley 
he left in 1961. Among other developments, radiochemistry had ceased to be an important 
tool for studying nuclear reactions, having been eclipsed by techniques using semiconductor 
radiation detectors and on-line measurements. Even the rudimentary tools of a 
radiochemical lab, such as multichannel pulse height analyzers, were not available for 
Seaborg and his group to use. Undaunted, Seaborg assembled a fine group of younger 
chemists (Kratz, Norris, Liljenzin, et al.) and proceeded to re-establish radiochemistry as a 
useful tool for the study of nuclear reaction mechanisms. 

A schematic representation of typical radiochemical techniques for studying reactions 
is shown in Figure 1. The simplest radiochemical method is the thick target-thick catcher 
method shown in the top portion of figure 1. A beam of projectile nuclei impinges on a 
thick (-50 mg/cm2

) target and the reaction products are stopped in the target (T) and 
catcher foils placed in the forward (F) and backward (B) directions. From off-line analysis! 
of the radionuclides found in T, Band F, one can calculate the cross section for the 
formation of a product of given Z and A. By careful integration2 of these data, correcting 
for ~-decay and non radioactive product nuclei, one can derive mass yield distributions for 
the reaction (a(A». A model-dependent analysis3 of the relative amount of radioactivity 
in F, Band T gives one information about the product energies and the momentum transfer 
in the reaction. 

The middle portion of Figure 1 shows a typical setup for the measurement of a 
fragment angular distribution. The projectile beam strikes a thin target (-100 pg/cm2) and 
the recoiling product nuclei are stopped in Mylar or aluminum foils that line the walls of 
a cylindrical scattering chamber. These catcher foils can be cut in any shape and size to 
achieve the desired resolution in the 47r angular distribution measurement. 

The bottom portion of Figure 1 shows the use of differential range techniques to 
measure fragment energy spectra. Reaction products recoiling from a thin target impinge 
on stacks of thin Mylar or aluminum foils placed at a given angle with respect to the 
incident beam. The measured distribution of product radioactivity in the catcher foil stack 
can be turned into fragment energy spectra using range-energy relationships. 

Radiochemical techniques are, of necessity, off-line techniques for studying nuclear 
reactions. As such, they suffer because the correlations between many observables in the 
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Figure 1. A schematic representation of various types of radiochemical 
techniques used in studying nuclear reactions. 
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reaction are lost in radiochemical measurements. This inability to measure the correlations 
between product characteristics has .led to a sharp decline in the use of these techniques. 
However, the exquisite sensitivity of these techniques (allowing cross section measurements 
at the picobam level), the unit Z and A resolution, the simplicity of the apparatus allowing 
many survey measurements and the lack of many of the detection thresholds that afflict the 
use of other techniques has assured a continuing interest in the use of these techniques. 
Seaborg and his collaborators, students, etc. have played a key role in developing and using 
these techniques. '. 

The first papers to emerge from Seaborg' s newly created laboratory for heavy ion 
radiochemistry dealt with the fragment mass distribution3-S from the interaction of near
barrier 40 Ar, 84Kr and 136Xe with 238U (Figure 2). In this work, Seaborg and his collaborators 
showed the utility of radiochemical techniques in revealing the gross characteristics of 
nuclear reactions. In the fragment mass distribution for the 40 Ar + 238U reaction, one can 
identify the relative importance of quasielastic scattering (E and F) deep inelastic scattering 
(C), fusion-fission (A) and the fission de-excitation of transfer and deep inelastic products 
(B). In the Kr and Xe-induced reactions, one saw a feature labelled G (and called the 
"goldfinger" in honor of a popular novel by Ian Fleming and the later movie). This class 
of reaction products was unexpected and puzzling until people recognized them as the non
fissioning remnants of the target nucleus. The fission of these nuclei had been inhibited by 
the high fission barriers in the Au region. Their yield increased as the distributions of the 
target-like fragments became broader, i.e., with increasing projectile Z and A. 

However interesting these studies were, the clear cut primary goal of Seaborg and 
his collaborators at this time was the synthesis of superheavy nuclei. Figure 3 shows our 
current understanding of the expected halflives of the heavy and superheavy nuclei. The 
main feature of our current understanding is that we think there should be a peninsula of 
long-lived nuclei extending from the region of known nuclei to the superheavy region (rather 
than an island of superheavy nuclei separated from the known nuclei by a "sea of 
instability"). Superheavy nuclei are defined as those nuclei whose halflives increase with 
increasing Z (rather than decrease as expected from the occurrence of spontaneous fission). 
The halflives of the longest lived superheavy nuclei (Z = 112) are expected to be -lOS sec. 
No matter how this situation changes in the future, we will always be blessed (cursed) with 
the allegorical language (islands, peninsulas, seas, mountains; etc.) introduced by Seaborg 
in his many popular accounts of superheavy nuclei. 

The most definitive experiments6
,7 to synthesize superheavy nuclei involved the 48Ca 

+ 248Cm reaction and were carried out at Berkeley involving Seaborg' s group. In Figure 
4, I show the upper limit of the superheavy production cross sections that were measured 
in these reactions. Here the superior sensitivity of radiochemical techniques was used to 
establish (for the longer-lived nuclei) the lowest upper limit cross sections (-10-35 cm2

). 

Unfortunately, hindsight has shown use that this failure to synthesize the superheavy nuclei 
was expected. Using Armbruster's systematics8 of s-wave fusion cross sections, we would 
estimate a fusion cross section for the 48Ca + 248Cm reaction of -3xlO-32 cm2• The excitation 
energy of the composite species can be calculated9 to be -28 MeV, allowing 2-3 chances to 
fission. A simple-minded, estimate of the energy independent average value of r n/rr would 
be -10-2

, resulting in an estimated production cross section for superheavy nuclei of 10-38 
-

10-36 cm2
, well below the experimental upper limit cross sections. 
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Undaunted by these failures, Seaborg and collaborators, particularly Darleane 
Hoffman, showed how multinucleon transfer reactions could be used as effective tools to 
synthesize new heavy nuclei (Figure 5). The upper left panel of Figure 5 shows a typical 
set of experimental data showing the production of Bk, Cf, Es and Fm nuclei from the Ne 
+ 248Cm reaction. Once again, the exquisite sensitivity of radiochemical techniques is shown 
in these carefully done measurements of minuscule cross sections. Because of the low 

Production cross sections, few, if any, detailed studies of the mechanism(s) operating in 
. 10 

these reactions have been done. However, the work of Hoffman and Hoffman and Magda 
et alll has demonstrated a key, unexpected feature of these reactions, i.e., the production 
of "cold" reaction products (E* < 10 MeV). The excellent agreement between the 
experimental data and the calculations appears to only occur if one assumes E* product < 10 
MeV. These reactions promise to be important tools for production of new transuranium 
nuclei. 

The efforts of Seaborg , s group were not restricted to the study of low energy nuclear 
collisions. Instead Seaborg and collaborators brought radiochemical techniques to bear on 
a wide variety of nuclear reactions. In the late 1970' s, Seaborg and collaborators measured 
the target fragment mass yield distributions for many relativistic nuclear collisions. Figure 
6 shows a sample of this type of data. These data12 proved not to be very definitive 
concerning the mechanisms of these reactions as shown in Figure 7. In Figure 7, we 
compare the data of Figure 6 with predictions of two disparate models for the collisions, the 
intranuclear cascade model13 and the nuclear firestreak mode1.14 Despite the significant 
differences between these two models that emphasize the nucleon-nucleon interaction and 
collective aspects, respectively, both models seem to do an equally acceptable job of 
representing the data. This insensitivity of the theoretical models to the results might 
indicate the property being measured, the fragment mass yield distribution, is largely 
determined by the collision geometry and the rough distribution of excitation energy in the 
target residues, i.e., "gross" features of the reactions. 

One result from these series of measurements has not been fully appreciated. This 
is the finding that the fragment N /Z distributions were very narrow, much narrower than 
one would expect by simple stochastic considerations (Figure 8). Morrissey and co-workers15 

pointed out that the narrowness of these charge distributions reflected an intrinsic 
correlation between neutrons and protons in excited nuclear matter. These workers made 
a crude model for this effect in terms of the zero point oscillations of the giant dipole 
resonance, which fit a large amount of experimental data. Bondorf and collaborators16 cast 
these same ideas more general terms involving isosprin correlations in the nuclear ground 
state. Nifenecker17 utilized these ideas to explain the shape of the charge distribution in 
fission. I suspect that these concepts might find further fertile ground in understanding the 
N /Z distributions in energetic nuclear matter as seen in other heavy ion reactions. 

The ability of simple phenomenological models to describe the results of 
radiochemical studies of intermediate energy and relativistic nuclear collisions has largely 
been restricted to estimates of the cross sections. As had been established previously for 
p-nucleus collisions, the momentum transfer to the targel nucleus in relativistic nuclear 
collisions appears to have been grossly overestimated (Figure 9). The work of Seaborg and 
collaborators18 has documented this problem thoroughly. 

-8-

r 

" 



'0' 

&> 

.:- '0' 
z 
~ 
t
V 
W 

'" :10' 
o 
a: 
u 

ell: -'
Cf: --
(, : ----
r",: --

~ 
Z 
0 
;:: 
0 

'" (/) 

'" '" 0 
CC 
0 

-
IO. 

J" 

.. 

'.'cm ... GAr 74S UeV 

• B' 
• CI 

• Eo 

• Fm 

...... ., ..... 

: ....... :.:: ..... . 
, . 

•••• HoHII,uY\ t-

H·H~. 
u.l.c,..J.~ 

10" 246 248 250 2!t.2 2~4 2% 
PRODUCT MASS NUMSER e., ,u '4' 14' ,... .tt ,., lSI III 

flO. l. boIopic: ~ -..uI ror liS-MeV 
"'He uod II'-McV "He~.' 'J 01 ""Can. ~e 
cia ... _ .,.... SJWIbaIs; ~ ....... _ IGIOd s)'IIIboIs. 

PROOUCT MASS NUMBER 

Figure 5. 

tl' 101 . /.1 
tl' \ 

• 

,( . . . 

,. .. 

1
", . . 

• 

\f 'H 'He 'He 't.i \i 
~""""""2S8-H ~: 2S8 • '~ 

fto Hd No lr 
Frd isol~ 

Es 

F"ICW'< 6.14 Measured (e) &Del alc:Waled (0) produaion cross scaioas for the 
reactions (a) '"0. ""Es and (b) '"0 • "'0 al a bombarding encrzy of 97 MeV 
(Mag 87). 

A composite of the measured cross sections for the production of 
heavy nuclei using multinucleon transfer r~actions. (1) 115 MeV lONe, 
(open symbols), 116 MeV nNe (solid symbols) + 248Cm (2) 245 MeV 
40Ar + 248Cm (3) (a) 97 MeV 160 + 254Es (b) 97 MeV 180 + 249Cf. In 
panels 2 and 3, the dashed lines indicate the predictions of ref. 10 and 
11, respectively. 

-9-



Target Fragmentation in Relativistic Nuclear Collisions 

Figure 6. 
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Radiochemistry has also played a role in the latest studies of ultrarelativistic nuclear 
collisions. Radiochemical techniques19 have extended the general range of validity of 
"limiting fragmentation" to the production of intermediate mass fragments (IMFs) in 
ultrarelativistic nuclear collisions (Figure lOa). Radiochemists20 discovered one of the few 
surprises of our studies of ultrarelativistic reactions, the finding of very unusual angular 
distribution for the IMFs produced in these reactions. These workers found that a crude 
range-weighted measure of the fragment angular distribution, FIB, had a value of 0.85 in 
the interaction of 14 deY Inucleon 160 with 197Au (Figure lOb). This measurement is the 
first example of an FIB value less than unity and must imply an unusual fragment angular 
distribution in the cm system. Grabez21 has corroborated this finding. 

The high intensity accelerator beams available for the study of intermediate energy 
nuclear collisions have allowed the fullest use of radiochemical techniques for studying 
nuclear reactions. Once again, Seaborg and his associates have played a central role in 
these efforts. In a series of measurements involving various heavy targets (154Sm, 165Ho, 
197 Au and 238U) Seaborg et al. found that as the projectile energy increases, for a given 
projectile-target combination, the fraction of primary target-like fragments that decay by 
particle emission relative to fission increases, with heavy residue formation (particle 
emission) becoming the dominant mode of de-excitation22 (Figure 11). Thus the study of 
these heavy residues becomes an important aspect of the study of intermediate energy 
nuclear collisions. 

The measurement of heavy residue properties is difficult because of their low 
energies23 (Figure 12). In reactions induced by 85 Me V Inucleon ions, the residue energies 
are -100 ke V Inucleon. The threshold-free differential range technique is ideal for 
measuring these low fragment energies. Coupled with unit Z and A resolution, one has 
been able to make significant measurements of some features of intermediate energy 
nuclear collisions. For example, Seaborg et al.24 were able to show the disappearance of the 
deep inelastic reaction mechanism in Xe-Au collisions as the projectile energy increased 
from 21 to 45 MeV Inucleon (Figure 13). In deep inelastic reactions, the heavy residue 
energies result from the Coulomb repulsion of the touching fragments (dashed line). This 
behavior was observed in the 21 Me V Inucleon 129Xe + 197 Au reaction but not the 45 
Me V Inucleon 129Xe + 197 Au reaction. 

Without denigrating the scientific output of Seaborg and his collaborators, perhaps 
it is fair to say that the most important contribution of Seaborg , s group to heavy ion science 
is Glenn's influence upon the people who worked with him (Figure 14). In Figure 14, I 
show a list of the co-authors of the papers cited in this review with the names of students 
being underlined. The list is a subset of a Who's Who of nuclear chemistry. Regrettably 
I have only had the time to discuss a small subset of all the scientific work done in Glenn 
Seaborg , s research group during this time. To partially rectify this oversight, I include, as 
on Appendix of this document, a list of all the papers from this group during this period, 
with the names of participating students being underlined. 

As one who has had the pleasure of working with Glenn for over 15 years, I am 
deeply grateful for his guidance, his enthusiasm, his scientific wisdom and his unique ability 
to create the opportunity for all of us who worked with him of participating in research at 
the forefront of nuclear science. 
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W. Reisdorf 
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K.-H. Schmidt 
J .H.R. Schneider 
W.F.B. Schneider 
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P. Wilmarth 
G. Wirth 
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Figure 14. Names of Seaborg' s coworkers in the papers discussed in this 
review. Names of students are underlined. 
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Appendix 

Scientific Publications of Glenn T. Seaborg Relating to Nuclear Chemistry, 1972-1991 

Books 

Man and Atom 
Glenn T. Seaborg and William R. Corliss 
New York: E,P. Dutton and Co., Inc., 1971 

Russian translation--Chelovek y Atom (I.G. Pochitalin, translator; B.F. Kuleshova, editor; 
Introduction by M.D. Millionshikov). Moscow: World, 1973 Romanian translation--Omul 
Si Atomul (Translation directed by Valentin Ceausescu and Mircea Cristu; Introduction by 
loan Ursu). Bucharest: Editura Stiintifica, 1974 
Polish translation--Czlowiek i atom (Zbigniew Rek, translator; Joanna Szyllejko, editor). 
Warsaw: Panstwowe Wydawnictwo Naukowe, 1975 
Arabic translation--Dutton Publisher, U.S. al-Wa 'y al-' Arabi, Publisher, Cairo, Egypt, 
March 1980 

Nuclear Milestones 
Glenn T. Seaborg 
San Francisco: W.H. Freeman and Company, 1972 

Transuranium Elements - Products of Modern Alchemy 
Glenn T. Seaborg, Editor 
Benchmark Papers in Physical Chemistry and Chemical Physics V. 1, Dowden, Hutchinson 
& Ross, Inc. Stroudsburg, Pennsylvania, 1978 

Nuclear Chemistry 
Edited by Glenn T. Seaborg and Walter Loveland 
Benchmark Papers in Physical Chemistry and Chemical Physics V. 5, Hutchinson 
Ross Publishing Company, Stroudsburg, Pennsylvania, 1982 

The Chemistry of the Actinide Elements. 2nd Edition 
Edited by JJ. Katz, G.T. Seaborg and L.R. Morss 
Vols. 1 and 2, Chapman and Hall, London, New York, 1986 

Elements Beyond Uranium 
Glenn T. Seaborg and Walter D. Loveland 
New York: John Wiley & Sons, Inc., 1990. 
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.. 

Technical Reports 

Early History of Heavy Isotope Research at Berkeley: August, 1940 to April, 1942. 
Berkeley: Lawrence Berkeley Laboratory, 1973 

Proceedings of the Symposium Commemorating the 25th Anniversary of Elements 97 and 
98, held on January 20, 1975. 
Glenn T. Seaborg, editor. 
Berkeley: Lawrence Berkeley Laboratory (LBL-4366), July 1976. 

History of Met Lab Section C-1: April, 1942 to April, 1943. 
Berkeley: Lawrence Berkeley Laboratory (PUB-112), February 1977. 

History of Met Lab Section C-1: May, 1943 to April, 1944. Vol. II. 
Berkeley: Lawrence Berkeley Laboratory (PUB-l1), May 1978. 

History of Met Lab Section C-1: May, 1944 to April, 1945. Vol. III. 
Berkeley: Lawrence Berkeley Laboratory (PUB-112), May 1979. 

History of Met Lab Section C-1: May, 1945 to May, 1946 Vol. IV. 
Berkeley: Lawrence Berkeley Laboratory (PUB-112), May 1980. 

Journal of Glenn T. Seaborg: April 18, 1942 to May 19, 1946. Vol. I-IV. June 1980. 

Journal of Glenn T. Seaborg: January 1, 1927 to August 10, 1934. October 1982. 

Journal of Glenn T. Seaborg: August 11, 1934 to June 30, 1939. October 1982. 

Journal of Glenn T. Seaborg: July 1, 1939 to April 17, 1942. October 1982. 

Journal of Glenn T. Seaborg: November 7, 1971 to June 30, 1975. Vol. 1-4a. July 1990. 

Journal of Glenn T. Seaborg: May 19, 1946 to June 30, 1958. Vol. 1-12. July 1990. 

Published Papers 

"Plutonium Revisited" in Radiobiology of Plutonium, Glenn T. Seaborg, B.J. Stover and 
W.S.S. Jee, eds., (J.W. Press; Univ. of Utah, Salt Lake City; 1972). 

Recent Advances in the Chemistry of Organometallic Compounds of the Actinide Elements, 
Glenn T. Seaborg, Pure. Appl. Chern. 30, 539 (1972). 

Organometallic Transuranium Compounds; Glenn-T. Seaborg; Priroda, P. 33 (1972) . 

Recent Advances in the United States on the Transuranium Elements, Glenn T. Seaborg, 
in Proceedings of the Fourth United Nations International Conference on the Peaceful 
Uses of Atomic Energy, Geneva, September 6-16, 1971 Vol. 1 (United Nations, Geneva, 
1972) p. 29. 
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Occurrence of Transuranium Elements in Nature, Glenn T. Seaborg, Contributions to Recent· 
Geochemistry and Analytical Chemistry (Nauka Publishing Office, Moscow, 1972) p. 560. 

Transuranium Elements, Glenn T. Seaborg, The Encyclopedia of Chemistry, Third Edition, 
C.A Hampel and G.G. Hawley, eds., (Van Nostrand Reinhold, New York, 1973) p. 
1123. 

Uranium and Compounds, Glenn T. Seaborg, The Encyclopedia of Chemistry, Third Edition, 
C.A Hampel and G.G. Hawley, eds., (Van Nostrand Reinhold, New York, 1973) p. 
1131. 

Transuranium Elements, Glenn T. Seaborg, Encyclopedia Britannica (William Benton, 1973) 
p. 179. 

Americio, Glenn T. Seaborg, Encyclopedia Della Chimica, Vol. I, USES Utet-Sansoni, 
Edizioni Scientifiche, Italy, p. 484, 1973. 

Attinidi, Glenn T. Seaborg, Encyclopedia Della Chimica, Utet-Sansoni, Edizioni Scientifiche, 
Italy, Vol. II, P. 199 (1973). 

Attinidi, Glenn T. Seaborg, Encyclopedia Della Chimica, Utet-Sansoni, Edizioni Scientifiche, 
Italy, Vol. II, p. 207 (1973). 

Berkelio, Glenn T. Seaborg, Encyclopedia Della Chimica, Utet-Sansoni, Edizioni Scientifiche, 
Italy, Vol. II, p. 403 (1973). 

Medical Uses: Americium-241; Californium-252, Glenn T. Seaborg, Handbook of 
Experimental Pharmacology, Vol. XXXVI, H.C. Hodge, J.N. Stannard and J.B. Hursh, 
eds. (Springer-Verlag, Berlin, 1973), p. 929. 

Plutonium is Discovered, Glenn T. Seaborg, Explorers Journal, 195, (December, 1973). 

New Directions in Development, in Proceedings of the 26th Nobel Symposium, Oslo, 
September 17-19, 1973, A. Schou and F. Sollie, eds., (Univsersitetsforlaget, Oslo, 1974) 
p.67. 

Status-Report on the Transuranium Elements, Glenn T. Seaborg, XXIVth International 
Congress of Pure and Applied Chemistry, Vol 6, International Union of Pure and Applied 
Chemistry, Hamburg, Germany. September 4, 1973. (Butterworth, London, 1974) p. 
1. 

Status Report on the Transuranium Elements. XXIVth International Congress on Pure and 
Applied Chemistry, Glenn T. Seaborg, summary in German by Klaus Schwochau, 
Naturwissenschaftliche Rundschau, Stuttgart.1, 151 (1974). 

From Mendeleev to Mendelevium and Beyond. The Heritage of Copernicus, Glenn T. 
Seaborg, The Copernican Volume of the National Academy of Sciences, Jerzy Neyman, 

. ed., (The MIT Press, Cambridge, Mass., 1974) p. 296. 
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Transuranium Elements, Glenn T. Seaborg, Encyclopaedia Britannica, (William Benton, 
1974), pp. 677-684. 

The Search for New Elements: The Projects of Today in a Larger Perspective, Glenn T. 
Seaborg, Phys. Scripta lOA, 5 (1974). 

Mass-Yield Distributions in the Reaction of 84Kr Ions with 238U, J.V. Kratz, AE. Norris, and 
G.T. Seaborg, PhYs. Rev. Lett. 33, 502 (1974). 

A Chemical Group Separation Procedure for Superheavy Elements and Various Other 
Reaction Products from Heavy-Ion Bombarded Uranium Targets, J.V. Kratz, J.O. 
Liljenzin, and G.T. Seaborg, Inorg. and Nucl. Chern. Lett. 10, 951 (1974). 

Element 106, A. Ghiorso, J.M. Nitschke, J.R. Alonso, C.T. Alonso, M. Nurmia, E.K. Hulet, 
R.W. Lougheed, and G.T. Seaborg, Phys. Rev. Lett. 33, 1490 (1974). 

Periodicity of the Chemical Elements, Glenn T. Seaborg, 1976 YEARBOOK OF SCIENCE 
AND THE FUTURE (Encyclopedia Britanica, Chicago, 1975) pp. 239-249. 

The Occurrence of the Transuranium Elements in Nature, Glenn T. Seaborg, Recent 
Contributions to Geochemistry and Analytical Chemistry, AI. Tugarinov, ed. (Halsted 
Press, New York, 1975) pp. 628-632 (first published in Russian in 1972). 

Mass Yield Distributions in the Reaction of 136Xe Ions with 238U, R.J. Otto, M.M. Fowler, 
D. Lee, and G.T. Seaborg, Phys. Rev. Lett. 36, 135 (1976). 

The Heaviest Transplutonium Elements, Glenn T. Seaborg, Heavy Element Properties, W. 
Muller and H. Blank, eds. (North-Holland, Amsterdam, 1976), p. 3. 

Element 106, McGraw-Hill Yearbook of Science and Technology (McGraw-Hill, New York, 
1976) p. 175. 

Charge and Mass Distributions in the Reaction of 4°Ar with 238U, J.V. Kratz, J.O. Liljenzin, 
A.E. Norris, and G.T. Seaborg, Phys. Rev. C 13, 2347 (1976). 

Criteria for the Discovery of Chemical Elements, Bernard G. Harvey, Gunter Herrmann, 
Richard W. Hoff, Darleane C. Hoffman, Earl K. Hyde, Joseph J. Katz, O. Lewin 
Keller, Jr., Marc Lefort, and Glenn T. Seaborg, Science 193, 1271 (1976). 

Large Collision Residues and Nuclear Fission in the Interaction of 25.2-Ge V 12C with 
Uranium, W. Loveland, RJ. Otto, D.J. Morrissey, and G.T. Seaborg, Phys. Rev. Lett. 
39, 320 (1977). 

Further Studies of Large Collision Residues in Relativistic Heavy-Ion Reactions with Heavy 
Nuclei, W. Loveland, RJ. Otto, DJ. Morrissey, and G.T. Seaborg, Phys. Lett. 69B, 284 
(1977). 

Chemistry of the Transactinide Elements, O.L. Keller, Jr. and Glenn T. Seaborg, Ann. Rev. 
Nucl. Sci. 27, 139 (1977). 
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Superheavy Elements and their Place in the Periodic Table, December 1, 1977; Glenn T. 
Seaborg, Francis G. Slack Lectures, Department of Physics and Astronomy, Vanderbilt 
University, Nashville, Tennessee, 1977. 

Search of Superheavy Elements Produced in the 136Xe + 238U Reaction and an Upper limit 
Cross Section for the natGd e36Xe,X?12Pb Reaction, R.I. Otto, A Ghiorso, D. Lee, 
R.E. Leber, S. Yashita, and G.T. Seaborg, Rad. Acta 24, 3 (1977). 

Search for Superheavy Elements in the Bombardment of 248Cm with 48Ca, E.K Hulet, R.W. 
Lougheed, J.F. Wild, J.H. Landrum, P.C. Stevenson, A Ghiorso, J.M. Nitschke, R.I. 
Otto, D.J. Morrissey. P.A Baisden, B.F. Gavin, D. Lee, R.J. Silva, M.M. Fowler, and 
G.T. Seaborg, Phys. Rev. Lett. J2, 385 (1977). 

Actinides and Transactinides, Glenn T. Seaborg, Kirk-Othmer: Encyclopedia of Chemical 
Technology, Vol. 1 (John Wiley and Sons, New York, 1978) pp. 456-488., 

Recoil Range Distributions of Heavy Mass Products in Deep Inelastic Reactions with Gold 
and Uranium Targets, R.J. Otto, G.T. Seaborg, and M.M. Fowler, Phys. Rev. C 17, 
1071 (1978). 

A Search for Superheavy Elements with Half-lives between a Few Minutes and Several 
Hundred Days, Produced in the 48Ca + 248Cm Reaction, R.J. Otto, D.J. Morrissey, D. 
Lee, A Ghiorso, J.M. Nitschke, G.T. Seaborg, M.M. Fowler, and R.J. Silva, J. Inorg. 
Nucl. Chem. 40, 589 (1978). 

Lowered Fusion Cross Section in the Quadruply Magic Heavy-Ion System 48Ca + 208Pb, D.J. 
Morrissey, W. Loveland, R.I. Otto, and G.T. Seaborg, Phys. Lett. 74B, 35 (1978). 

The Periodic Table of Today, Glenn T. Seaborg, Structure and Dynamics in Chemistry, 
Uppsala, Sweden, Sept. 22-27, 1977 (Uppsala University, Uppsala, 1978). 

Target Residue Mass and Charge Distributions in Relativistic Heavy Ion Reactions, D.I. 
Morrissey, W.R. Marsh, RJ. Otto, W. Loveland, and G.T. Seaborg, Phys. Rev. C 18, 
1267 (1978). 

Relative Thresholds for Production of Iodine from Fusion and Transfer-Induced Fission 
Reactions, M. de Saint-Simon, RJ. Otto, and G.T. Seaborg, Phys. Rev. C JR, 1651 
(1978). 

Stanley G. Thompson - a Chemist's Chemist, Glenn T. Seaborg, Chemtech 8,408 (1978). 

Implications of the Target Residue Mass and Charge Distributions in the Interaction of 8.0 
Ge V lONe with 181Ta, D.I. Morrissey, W. Loveland, and G.T. Seaborg, Z. Physik A 289, 
123 (1978). 

Introductory Remarks, Glenn T. Seaborg, in Proceedings of the Symposium Commemorating 
the 25th Anniversary of Elements 99 and 100, Berkeley, January 23, 1978; Glenn T. 
Seaborg, scientific ed.; Catherine Webb, technical ed., Lawrence Berkeley Laboratory 
Report No. LBL-7701, UC-34C, CONF-780134, April, 1978. 
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Los Elementos Superpesados Y Su Ubicacion En La Tabla Periodica (The Superheavy 
Elements and Their Place in the Periodic Table), Glenn T. Seaborg, Revista Chilena, 
De Educacion Quimica, Republica De Chile Ministerio de Educacion, Centro de 
Perfeccionamiento, Experimentacion e Investigaciones Pedagogicas, Editada Por EI 
Departmento de Quimica, Santiago, Chile, October, 1978. 

Measurement of the Product Mass Distributions from Heavy-Ion-Induced Nuclear Reactions, 
D.J. Morrissey, D: Lee, R.J. Otto, and G.T. Seaborg, Nucl. Instr. Methods ]i8, 499 
(1979). 

Superheavy Elements: A Crossroads, G.T. Seaborg, W. Loveland and D.J. Morrissey, 
Science 203, 711 (1979). 

Early Uses of Chromatographic Techniques, G.H. Higgins and G.T. Seaborg, in 75 Years of 
Chromatography--A Historical Dialogue, L.S. Ettre and A Zlatkis, eds., (Elsevier 
Scientific, London, 1979), J. of Chromatography Library 17, 405 (1979). 

The Periodic Table: Tortuous Path to Man-Made Elements, Glenn T. Seaborg, Chern. Eng. 
News 57, 46 (1979). 

New Isotope 242Bk, K.E. Williams and G.T. Seaborg, Phys. Rev. C. 19, 1794 (1979). 

The Search for New Elements: The Projects of Today in a Larger Perspective, Glenn T. 
Seaborg, USPECHI CHIMMI (USSR) 48, 1015 (1979). 

Recollections and Reminiscences at the 25th Anniversary of the First Weighing of 
Plutonium, Glenn T. Seaborg, Revista Chilena de Educacion Quimica (Chile) 4, 120 
(1979). 

Microscopic and Macroscopic Model Calculations of Relativistic Heavy-Ion Fragmentation 
Reactions, D. Morrissey. L. Oliveira, J. Rasmussen, G.T. Seaborg, Y. Yariv, Z. 
Fraenkel, Phys. Rev. Lett. 43, 1139 (1979). 

Our Heritage of the Elements, Glenn T. Seaborg, Metallurgical Trans. A 11A, 5 (1980); 
Metallurgical Trans. B lIB, 1980. 

The Periodic Table, Tortuous Path to Man-Made Elements, Glenn T. Seaborg, J. of Nucl. 
and Radiochem.2, 57 (1980); also Chern. Eng. News 57, 46 (1979). 

The New Elements, Glenn T. Seaborg, Amer. Sci. 68, 279 (1980). 

Charting the New Elements, Glenn T. Seaborg, Sciquest 53, 7 (1980). 

Los Elementos 95 y 96. - Hace 25 Anos, (The 25th Anniversary of the Discovery of 
Americium and Curium: Elements 95 and 96 - 25 Years Ago), Glenn T. Seaborg, Rev. 
Chil. Educ. Qulm.2, 24 (1980). 

Target Residues from the Reaction of 8 Ge V 20Ne with 18lTa and ,197 Au, D. Morrissey, W. 
Loveland, M. de Saint Simon, and G.T. Seaborg, Phys. Rev. C 21, 1783 (1980). 
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Target Residue Recoil Properties in the Interaction of 8.0 GeV 20Ne with 181Ta, W. 
Loveland D.J. Morrissey, K Aleklett, G.T. Seaborg, S.B. Kaufman, E.P. Steinberg, B.D. 
Wilkins, J.B. Cumming, P.E. Haustein, and H.C. Hseuh, Phys. Rev. C 23, 253 (1981). 

Energy Dependence of Bi Fragmentation in Relativistic Nuclear Collisions, K Aleklett,D.L 
Morrissey, W. Loveland, P.L. McGaughey, and G.T. Seaborg, Phys. Rev. c.~, 1044 
(1981). 

Target Fragment Energies and Momenta in the Reaction of 4.8 GeV 12C and 5.0 GeV ~e 
with 238U, W. Loveland, Cheng Luo, P.L. McGaughey, D.J. Morrissey, and G.T. 
Seaborg, Phys. Rev. C. 24 464 (1981). 

A Procedure for a Fast Separation of Berkelium and Cerium. Yuan-fang Liu, Cheng Luo, 
Hans R. Von Gunten, and Glenn T. Seaborg, Inorg. Nuc!. Chern. Lett. 17,257 (1981). 

Production of Heavy Actinides from Interactions of 160, ISO, 2oNe, and 22Ne with 248Cm, 
Diana Lee, Hans von Gunten, Barbara Jacak, Matti Nurmia, Yuan-fang Liu, Cheng 
Luo, Glenn T. Seaborg, and Darleane C. Hoffman, Phys. Rev. C. 25, 286 (1982). 

Att Ateruppliva Dada Grundamnen, Kjell Aleklett and Glenn T. Seaborg, Forskning och 
Framsteg, p. 28 (May, 1982). 

Target Fragment Angular Distributions from the Interaction of 3.0 Ge V and 12.0 Ge V 12C 
with 197 Au and 238U, Y. Morita, W. Loveland, P.L. McGaughey, and G.T. Seaborg, 
Phys. Rev. C 26, 511 (1982). 

Isomer Ratio Measurements for the Reaction of 29SieSO,p2n)44m, 44gSc, H. Groening, K 
Aleklett, K.J. Moody, P.L. McGaughey, W. Loveland, and G.T. Seaborg, Nuc!. Phys. 
A 389, 80 (1982). 

The Transuranium Elements, Glenn T. Seaborg, in The Neutron and Its Applications, 1982, 
Cambridge, England, Institute of Physics Conf. Ser. No. 64, Section 2, 1983, p. 101. 

Heavy Target Fragment Yields in the Interaction of 28 GeV Protons with 238U, B.V. Jacak, 
W. Loveland, D.J. Morrissey, P.L. McGaughey, and G.T. Seaborg, Can. J. Chern. 61, 
701 (1983). 

Forty Years of Plutonium Chemistry: The Beginnings, Glenn T. Seaborg, Plutonium 
Chemistry, Kansas City, September 12-17,1982, American Chemical Society Symposium 
Series 216, William T. Carnall and Gregory R. Choppin, eds. (American Chemical 
Society, Washington, 1983) p. 1. 

Excitation Functions for Production of Heavy Actinides from Interactions of 180 with 248Cm 
and 249Cf, Diana Lee, Kenton J. Moody, Matti J. Nurmia, Glenn T. Seaborg, Hans R. 
von Gunten, and Darleane C. Hoffman, Phys. Rev. C. 27, 2656 (1983). 

On the Use of Isomer Ratios in 44SC for Predicting Spin Populations in High Energy Heavy
Ion Nuclear Reactions, H. Groening, K.J. Moody, and G.T. Seaborg, Nuc!. Instr. 
Methods 214, 317 (1983). 
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Target Fragment Angular Distributions for the Interaction of 25.2 Ge V 12C with 197 Au, :L. 
Moriti!, W. Loveland, and G.T. Seaborg, Phys. Rev. C. 28, 2519 (1983). 

Modem Alchemy, Glenn T. Seaborg, Science Teacher 2Q, 29 (1983). 

Application of the Recoil Technique for the Separation and Identification for a New 
Transuranium Element, Glenn T. Seaborg, Chapter I-B in Hot Atom Chemistry: Recent 
Trends and Applications in the Physical and Life Sciences and Technology, Tatsuo 
Matsuura, ed. (Kodansha, Tokyo, 1984) p. 7. 

Reminiscences about the Joilots and Artificial Radioactivity, Glenn T. Seaborg, in La 
Radioactivite Artificielle a 50 Ans, 1934-1984, Paris, les editions de Physique, (Centre 
National de la Recherche Scientifique, Paris, 1984) p. 79. 

The Decay of 251Bk, Yuan-Fang Liu, Kenton J. Moody. Diana Lee, Yoshimitsu Moriti!, 
Glenn T. Seaborg, and Hans R. von Gunten, Nuc!. Phys. A 417,365 (1984). 

Production of Neutron-Rich Bi Isotopes by Transfer Reactions, K. Eskola, P. Eskola, M.M. 
Fowler, H. Ohm, E.N. Treher, J.B. Wilhelmy, D. Lee, and G.T. Seaborg, Phys. Rev. C 
22, 2160 (1984). 

Transfer Reaction Cross Sections from the Interactions of 2°Ne and 22Ne with 23~, S. 
Tanaka, K.J. Moody and G.T. Seaborg, Phys. Rev. C 30, 911 (1984). 

Mass Distributions in the Reaction of 240 MeV 12C with 197 Au, H. Kudo, K.J. Moody. and 
G.T. Seaborg, Phys. Rev. C 30, 1561 (1984). 

Transuranium Elements, Glenn T. Seaborg, R.M. Bescancon, ed., The Encyclopedia of 
Physics, 3rd ed. (Van Nostrand Reinhold, 1985) p. 1258. 

The Transuranium Elements, Glenn T. Seaborg, International Newsletter on Chemical 
Education, International Union of Pure and Applied Chemistry, No. 22, December, 
1984, p. 7. 

Target-Fragment Angular Distributions for the Interaction of 86 Me V I A 12C with 197 Au, 
R.H. Kraus. Jr., W. Loveland, K. Aleklett, P.L. McGaughey, T.T. Sugihara, G.T. 
Seaborg, T. Lund, Y. Morita, E. Hageb~, and I.R. Haldorsen, Nuc!. Phys. A. 432, 525 
(1985). 

Transuranium Nuclei, Glenn T. Seaborg and W. Loveland, Treatise on Heavy-Ion Science, 
Volume 4, Extreme Nuclear States, D. Allan Bromley, ed. (Plenum, New York, 1985) p. 
255. 

Attempts to Produce Superheavy Elements by Fusion of 48Ca with 248Cm in the Bombarding 
Energy Range of 4.5 - 5.2 MeV lu, P. Armbruster, Y.K Agarwal, W. Briichle, Y . 
Briigger, J.P. Dufour, H. Gaggeler, F.P. Hessberger, S. Hofmann, P. Lemmertz, G. 
Miinzenberg, K. Poppensieker, W. Reisdorf, M. Schadel, K.-H. Schmidt, J.H.R. 
Schneider, W.F.W. Schneider, K. Siimmerer, D. Vermeulen, G. Wirth, A. Ghiorso, 
K.E. Gregorich, D. Lee, M. Leino, KJ. Moody, G.T. Seaborg, R.B. Welch, P. 
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Wilmarth. S. Yashita, C. Frink, N. Greulich, G. Herrmann, U. Rickmann, N. 
Hildebrand, J.V. Kratz, N. Trautmann, M.M. Fowler, D.C. Hoffman, W.P. Daniels, 
H.R. von Gunten, H. Dornhofer, Phys. Rev. Lett. 54, 406 (1985). 
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