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This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
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assumes any legal responsibility for the accuracy, completeness, or usefulness of any
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necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
- University of California.
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DECAY OF Np236"
D. A. Orth and G. D. O'Kelley
Radiation Laboratory and Department of Chemlstry )
University of California, Berkeley; California

March 2, 1951

Recent work at this laboratory on the nuclear energy surfacel in the heavy
region has demonstrated the value of precise determinations of the transition
energies in radioactive decay in these elements. ' As part of a program of such

measurementss the beta decay energy of 22 hour Np236

came'undgr consideration.
. The decay cyclesllnvolv1ng this 1sotqpe of neptun:Lumv_(Fig,° 1)2'showéd tﬁat
the experiment might be complicated B& orbital electron capture decay to.U?36,
. 80 an attempt has been made to eétablish the aecéy scheme of Np236. ‘
Samples o% neptunium were prepared by bombardment of U235 with the deuteron -
beam from the 60-inch qyclotrgn at Crocker Radiation Laboratory.  The electron
spectrum of pufifiéd neptunium fractions.was observed on a beta réy spéctrometef
employing the double focusing principle proposed bj Svarthélm and Siegbahn.,3
and Shull and Dennison,h\ The detector is a Geiger countef fiiled with 8.8 cm
of 90 percent argqn,'io percent ethylené mixture; and has é 30 pg/cmz,Formvar..
Wihdow,supported_on a mesh grid. Window absorption gprrections are necessary
only_below about 30 kev and canvﬁe made with fair accuracy.

236

Samples of chemically separated Np were evaporated from.concentréted
hydrochloric acid solution on conducting Tygon\films about 30 pg/ém2 thick..
Auger eleqtrons, internal conversion electrons, and beta particles were seen.
The béfa-spectrum'is complex, aﬁd resoiution of Fermi-Kurie plots of the
daté indic;té beta energies of 0.51 Mev (59 percent) and 0,36 Mev (hl percent).
A pair df internal3ccnversion lines correspoﬁding to tbe K and L éonversion

of a 150 kev gamma ray was also observed This gamma ray is approximétely

lOO percent converted if it is assumed to, follow the O. 36 Mev. tran51tion

¥This work was performedrunder,the auspices of the U. SO,AEC.

+ +
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'The‘measﬁréd inteﬁsiﬁies of the elecirons ffom.Augef conversion cf>the K'aﬁd L
xwrayg were far ih excess df,the Auger‘electrons expected>from K and‘L electron
vacanéies due té.thé observed ingéfhai_gqnveréidn.of the“150 kev gamma rayo_l'
1TheVradiéti;n§ were resolved by beryllium.and silver absorptioﬁ into
electrbns, L x~rays, and K x-rays;.and ?he relative gbundance of each was
detérmined. These were correctéd'for the counting éfficiéncies under the
: é#perimentai condiiignsg and the L Aﬁger éonversion factor wés|assumed to be
00575‘ An estimate gf the amount. of K electron c;pture;may be made if the K
xérays observéd in the absorption-expefiments are corrected fof thevcohtri-
bution from internal convefsioﬁ of théjgamma ray, If the L electron vacancies
rééulting from‘the K vacancies are §ubtracted from the total caléulated'from
the absorption experiments; a further estimate of the amount of L electron
capture is obtained. When these aré relaied to the number of beta particles,
a decéy scheme may be postulated in which the relative abundances of beta décay
‘and eieétron capture should be correct_to z 2O.pézv°cen£“(Figo 2). .
‘Apparently there is a:considerable_amount of L electron capture; even at

this large disintégggtion energy of about 1.2 Mev. However; other heavy
nuclides such as Amzl"‘?m;UZBl9 and Np235

have demonstrated predominant capture
657,8 '

of L electrons at lower transition energies.

We wish to thank Professor G. T. Seaborg for his continued interest and
advice.
'1Perlman, Ghiqrso,'and Seaborg, Phys. Rev, 77, 26 (1950).

?The alpha disintegration .energy of is from Ghioréo, Brittain,
Manniﬁg; and Seaborg, Phys. Revos;to be pubLisﬁedg and Jaffey, Diamond; Hirsch,
and Méch, Physo Rev., to be publiéhed° The alpha disintegration energies of
Np236:and Pa232 yere estimated as discussed by I. Perlman,.et al,, (referénce 1),
The oﬁhér energiés ;}e based~on th¢ data.reviewed by G. T. éeéborg.agd

I. Perlman, Rev. Mod. Phys. 20, 585 (1948). - - K
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°N. Svartholm and Ko;SiegEahn, Arki‘{r° Mata.Astrﬁno Fysik. §§g,‘No, 21
(1946) 5 Hedgran, Siegbahn, aiﬁd Svartholm, Proc. Physo Soc, é:ie;;.%o (1956)Q
éFo Shull and D; Dennison; Phys. Rev, 71, 681 (1947)5 i@ig;9 72, 256 (1957);‘

5B, B. Kinéey, Can. J. Research A, 4Ok (1948) . o _ -

‘ 6O“Kelley9 Barﬁonstho; Crane, and Perimaﬁ; Phys. Rev. §Q;'2933(1956)°
?Graheg Ghiorso, and Perlmannghys; Rev., to bs pubiishedd 

8Rc A, James and A4, Ghicrso, Phys. Rev.; to be published. '
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