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Transcurium Isotopes Produced in the
Neutron Irradiation of Plutonium

S. G. THOMPSON, A. GHIORSO, B. G. HARVEY, AND G. R. CIXOPPIN

Radiation Laboratory and Department of Chemistry,
University of California, Berkeley, California

(Received December 21, 1953)

E have succeeded in producing isotopes of three trans-

' ~

curium elements by the irradiation of the starting
material Pu'" in the Materials Testing Reactor. The heaviest
elements were separated completely from plutonium, fission
products, americium, and curium by methods invo]ving combi-
nations of precipitation and ion exchange. ' ' In the element 97
(berkelium) fraction, soft beta particles were observed. In the
californium fraction, alpha particles of three different energies
were observed, namely, about 6.15 Mev, 6.05 Mev, and 5.8 Mev.
In the fraction just preceding the californium in elution from the
hot Dowex-50 resin column, specifically the element 99 fraction, 5

alpha particles of 6.6-Mev energy were observed. The amount of
activity observed in this fraction was extremely small; neverthe-
less, its assignment to element 99 is regarded as certain. All of
these isotopes have half-lives longer than one week.

The berkelium isotope which decays by the emission of soft
beta particles is probably Bk2'9. Other work' has indicated that
Bk24' is probably a relatively short-lived isotope which decays
by electron capture to Cm24' which is beta stable. Therefore the
lightest curium isotope which decays to berkelium would be Cm2".
The assignment to Bk24' is also reasonable since its radiations
should be very soft whereas Bk"' or Bk" (both odd-odd isotopes)
would be expected to emit energetic radiation. On the basis of
this assignment, it is interesting to note that there are no beta-
stable berkelium isotopes.

The californium isotope or isotopes emitting the above-men-
tioned alpha particles must be heavier than 248. From alpha
systematics, the alpha half-lives corresponding to the measured
energies should range from a few years to several hundred years. '

The isotope of element 99 emitting 6.6-Mev alpha particles is
logically assigned as 992". A reasonable half-life estimated from
systematics, assuming a hindrance factor of ten, would be very
roughly a month.

The isotopes mentioned here were all produced as a result of
combinations of successive neutron captures and beta decays. A
possible sequence leading to the production of 99'" might be the
following:8

Pu"'(n)y)Pu'n(nay) Pu"' (nay) Pu'" (nay) Pu'"

Am"'(n, y)Am'n(n, y)Am'"(n y)Am"'

Cm'4'(n, y) Cm'4'(n, y) Cm'44,

Cm"'(n, p) Cm"'(n)y) Cm"'(n)y) Cm"'(n7y) Cm"'(n)y) Cm"'

Bk249

Bk24'(n, y) Bk2"

Cf"'(nv) Cf'"(n~v) Cf"'(n~v) Cf'"(n~v) Cf'n

99253

There is unpublished information relevant to element 99 at the
University of California, Argonne National Laboratory, and Los
Alamo' Scientific Laboratory. Until this information is published,
the question of the first preparation should not be prejudged on
the basis of this paper or the preceding one. '

We wish especially to thank Professor Glenn T. Seaborg for
continued advice and encouragement in the experimental work.
We wish to acknowledge the help of Dr. W. B. Lewis and the
entire Phillips MTR staG for aid in the irradiation of the sample,

of Dr. F. W. Albaugh, Dr. E. M. Kinderman, H. H. Van Tuyle,
and Lee Miller of the General Electric Company at Richland,
Washington, for aid in the initial chemical separations and of the
Health Chemistry Group of the University of California, particu-
larly X. B. Garden and W. B. Ruehle for providing special
equipment for handling the highly radioactive materials. We
also wish to thank Dr. E. K. Hulet, Alfred Chetham-Strode,
Docia B. McKennon, Margaret Nervik, and Therese Pionteki for
extensive help in the experimental work. Finally, we wish to
thank A. S. Coffinberry, V. O. Streubling, R. E. Tate, and B. W.
Marshall of Los Alamos, and M. H. Studier, F. G. Foote, and
A. B. Shuck of the Argonne National Laboratory for preparation
of the plutonium in a form suitable for irradiation.

' Thompson, Ghiorso, and Seaborg, Phys. Rev. SO, 781 (1950),
2 Thompson, Street, Ghiorso, and Seaborg, Phys. Rev. 80, 790 (1950).' Thompson, Cunningham, and Seaborg, J. Am. Chem. Soc. 72, 2798

(1950).
4 Street, Thompson, and Seaborg, J. Am. Chem. Soc, 72, 4832 (1950).' Ghiorso, Rossi, Harvey, and Thompson, Phys. Rev. 93, 257 (1954).
8 E. K. Hulet, Ph. D. thesis, University of California Radiation Labora-

tory Report UCRL-2283, August, 1953 (unpublished).
7 Perlman, Ghiorso, and Seaborg, Phys. Rev. 77, 26 (1950). '-

8 G. T. Seaborg, University of California Radiation Laboratory Report
UCRL-1942, March, 1952 (unpublished); Ohio State University Third
Annual Phi Lambda Upsilon Lecture Series.

"V Dinucleons"*
H. PRIMAKOFF AND W. CHESTON

Washington University, St. Louis, Missouri and University of Minnesota,
Minneapolis, Minnesota

(Received December 21, 1953)
' 'N a previous paper' (hereafter referred to as A) we have

suggested the possibility of the existence of "V deuterons":
particles involving a nuclearly stable structure of a proton bound
to a neutral V.' These V deuterons are subject to nonmesonic and
mesonic decay according to the schemes:

(P+n+ =175-Mev K.E. (1)

P+P+7r +=35-Mev K.E. (2)

V deuteron—=pV'+p7-+& p+n+s-'+ =35-Mev K.E. (3)
d+s'+ =35-Mev K.E. (3')

.n+n+s++ =35-Mev K.E. (4)
Schemes (3') and (4) were not mentioned in A; on the basis of
charge symmetry, scheme (4) should obviously occur if scheme (2)
occurs, while scheme (3') is an alternative to (3) since the n and
p may on occasion be produced in a bound (deuteron) state. The
relative probabilities of the nonmesonic decay scheme (1) and of
the mesonic decay schemes (2), (3), (3'), (4) have been shown in
A to be of the same order of magnitude; the mean life of the V
deuteron has been shown in A to be of the same order as the
mean life (for the mesonic decay) of a free U' (=3X10 "sec).

We now wish to point out that an alternative structure of the
U deuteron is also possible, namely PU++n], i.e., a nuclearly
stable structure of a neutron bound to positively charged V; this
alternative V deuteron will also be capable of decay according to
schemes (1) through (4) but with a considerably larger kinetic
energy release, since the rest energy of the V+ is some 85&40 Mev
larger than the rest energy of the V'L31(V')=(2185&10)m„.
M(V+) = (2350a80) m.7.'

In addition, particles which might be called "negative V
deuterons, " "V diprotons, " and "V dineutrons" can be nuclearly
stable even if the "specifically nuclear" attractive forces between
nucleons and V's in various angular momentum states are no
stronger than the corresponding forces between nucleons and
other nucleons. For unlike ordinary dinucleons, all of these
"V dinucleons" can exist in 'S& states (Pauli exclusion inoperative
between a U and a nucleon); moreover the relatively greater
mass of the V will tend to increase the binding energy of a V
dinucleon relative to that of a deuteron. Having postulated the
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existence of these particles, one must envisage the
possible mesonic and nonmesonic decay schemes:

negative V deuteron= f—V +N]~a+a+s.

p+p
V diproton=—LV++pg~ 2+m+

p+p+~'

S+S
=-rV + i- "+'+

+7l
n+n+2r'

U dineutron —+& I+I
—= PV +p]~-

d+2r.e+n+~0

following

(&)

(6)
(7)

(7')
(8)

(9)
(10)
(«')
(11)

(12)
(13)

(13')
~ (14)

The mean lives of these particles will again be =10 " sec Las-
suming comparable mean lives (for the mesonic decay) of the
free V0, the free V+ and the free V j while the branching ratios
for the mesonic and nonmesonic decays will, as before, be of the
order of unity. '

It is very interesting to note that the mesonic decay of a V
dineutron according to scheme (13') will appear in an emulsion
or a cloud chamber as the two-body decay into a deuteron and a

meson of a neutral particle with mass: L(2350%80}+(1836}—LV +pj binding energyjm, =(4180+80}rN,.' A decay of just

this type has recently been reported by Lal, Pal, and Peters' who
estimate the mass of the neutral particle as {4120+20}m..

It should also be mentioned, as pointed out to us by Bolsterli,
that neutral particl~visible fp+~ ) decays, with a Q (calcu-
lated on a two-body basis) considerably different from (e.g. , very
much larger than), 35—40 Mev, ' might actually be V-dineutron
decays according to schemes (13) or (10).On such an assumption,
these anomalous Q values would form a distribution with an
upper limit given by the Q of the V decay (=125 Mev).

We wish to thank Professor R. D. Sard for a helpful discussion.
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Proceedings of The American Physical Society

MINUTEs oF THE 1953 THANKsGIvING MEETING HELD AT CHIcAGo, NovEMBER 27—28, 1.953

' 'N 1953 the Thanksgiving meeting of the Ameri-
~ ~ can Physical Society returned to its tradition@, l

home at the University of Chicago after two years
of wandering: the dates were Friday and Saturday,
November 27 and 28. The programme was of
excellent quality; it is all the more surprising to
have to record that both the number of contributed
papers (142) and the number of registrants (516)
dropped below the peaks of past years. This may
have been because some of our members overlooked
the announcement printed in the Rochester Bulletin
in lieu of being made by summons-card, or it may
have been because the deadline (September 25)
came so soon after the academic year began: the
Secretary has no facts to support either theory.
Perhaps the November meeting has definitely
yielded to the March meeting its former rank of
the third largest of the year. The meeting was very
efhciently administered by Mrs. Dorothy C.
Johnson.

The banquet of the Society was held on the
Friday evening in Hutchinson Commons, with a
regrettably small attendance (170). The after-
dinner speakers were S. K. Allison, D. H. Lough-
ridge, and R. S. Mulliken.

The Council met on the Friday afternoon. It
elected to Fellowship four candidates, and to
Membership 285 whose names are appended.

Elected to Fellowship: W. R. Fredrickson, A. W. Friend, J.A.
Sanderson, and L. Seren.

Elected to Membership: Walter Abramowitz, Rutherford H.
Adkins, Victor S. Aiello, Richard Ballantine Allen, Saul
Altshuler, Sa'adia Amiel, Brita Aminoff, Cecil Earl Angell,
George Ludwig Appleton, Tetsuo Arase, Bernell Edwin
Argyle, George Edward Austin, Milton Ash, Bjorn Astrom,
Leon S, August, Glen Gordon Bach, Winslow Furber Baker,
Nandor L. Balazs, William Chalmers Barr, Asim O. Barut,
Robert H. Bassel, Philip Baumel, Allan Frank Beck, Leon
Edward Beghian, Edgar D. Berners, Edward Joseph Bernier,
William Bertozzi, Bruce Joseph Biavati, Rudolf Hermann
Bieri, Charles Huffman Blakewood, Herbert Howard Bolotin,
Howard Co1son Borough, Gene Braught, Francis Christopher
Brosnan, Arthur Austin Brown, Edward Byerly Brucker,
Paul James Bryant, Joseph Ignatius Budnick, Charles Andrew
Burrus, Jr. , Anthony John Calio, Chieh Chien Chang, Lloyd
Fremont Chase, Jr. , Ivan Gabriel Chasalow, Morris Samuel
Chester, Donald Ray Childs, William Gilbert Clark, Darwin
Wayne Clutter, Carolus Melville Cobb, Malcolm Young
Colby, Robert Vincent Coleman, Joseph Lawrence Collins,
Charles Philippe Courtoy, Walter Leslie Crider, William
Edwin Cummins, Robert Hanson Cunningham, John Spillers
Dahler, Bascom S. Deaver, Jr. , John Hans Dessauer, Peter
Joseph Drevinsky, Richard Henry Duncan, Lucille Anne
DuSault, Alexander J. Elwyn, Frank Durrell Enck, Karl
Lembit Erdman, Robert Arthur Farrall, Fabio Maria Ferrari,


