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DISCLAIMER

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
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
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 nccessarily 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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COUNTING EFFICIENCY OF Np23?

: H. M. Neumann
Radiation Laboratory and Department of Chemistry
University of California, Berkeley, California

Aug. 1, 1950

The counting efficiéncy of the radiations from Np239 has been determined
using the various beta-counters commonly used in this laboratory. Tﬁe determi-
nations were performed by comparing the counting rate of an aliquot of purified
Np239 with the alphamdisintégration réte:of the Pu?39? resulting from its decay.

Four independent experiments were performed. In three; the Np239 was
produced by neutron-irradiation of uranium; and ~4 x 108 disintegrations/min,

239

of Np2399 resulting in ~100 disintegrations/min. of Pu“’’; were involved. In
the fourth; a less reliable experiment, uranium was irradiated with deuterons,
the neptunium formed in bombardment quickly removed; and Np239 allowed to form
from the decay of U239° The amounts of Np239 and Pu?39 invoived iﬁ this experi-
ﬁent were about one-fourth of the mmounts present in the other experiments.

The purification of neptunium was accomplished by various conbinations of
LaFB precipitation under oxidizing and reducing conditions; passage through
- anion exchange resin and extraction with thenoyltrifluorocacetone. After puri-
fication, aliquots were mounted in several different ways,; and the counting
rates of these samples measured. Samples with what was assumed to be negligible
backing were mounted on 1.9 mg/cm2 mica and 2.5 mg/cm2 cellophane. Samples were
also mounted on a number of the commonly used backings; platinum (103 mg/cm2)9
stainless steel (218 mg/cmz), and glass (39.2 mg/cm?). Generally, 10D of
,s0lution was mounted; and the resulting sample was a circle of about 5 mm diameter.

Two types of end-window Geiger tubes were used. One type; hereafter referred

to as Argon type, was filled with an argon-ethanol mixture (9 cm argon-1 cm ethanol),
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and had a window diameter of 3.05 cm and a window thickness of 2,7 mg/cm2°
The other type, hereafter féferred to as Amperex type;, was filled with an argon-
chlorine mixture, and had a window diameter éf 2.75 cm and a window thickness of
3.5 mg/cmzo Two Amperex ﬁyﬁé tuBe5‘éhd>£hrée Argon type tubes were used and
the results- given are averaged values. The counts were taken igside the customary
lead chamber at five standard shelf positions. The samples were supported on the
shelves bj 1 mm thick cardboard. In the case of the mica and cellophane backings,
a 4.4 cm diameter hole was cut in the cardboard support so that no cardboard was
under the sample. The distance from ;ample to window, and the total absorber
(air plus window) for each.of the five positions is given in Table II. Counts
were also taken in.a windowless counter commercially known as the Nucleometer.

The consistency of the four experiments is shown by the data of Table I.

Table I
Activity of Np23J at time . Amount of Pu239  Activity of Np259 Disintegrations
of purification (counts/ resulting from at time of puri- per count (under
minute on shelf 2, Amperex complete decay fication stated condi-
tube, Pt backing) . (disintegrations/ (disintegrations/ tions)
: ' “minute) o minute)

3.12 x 10 . 110 4.16 x 108 13.3

2.56 x 107 9y © 3.55 x 108 13.9

4.17 x 107 | w7 5.55 x 10° 13.3

7.73 x 10° | 27 . 1.02x108 13.2

_Tbg fiygt two experimentsilisted are considered to be superior, and a
weighted average of all four results gives a value of 13.5 disintegrations per
count.

The complete results are shown in Table II.
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Shelf Distance from -
window to sample’

“"No. of disintegrations Assumed
“per observed count

Absorption Electrons
geometry correction per dis-

1.7%

- O L e e
| S (2 mg/cm?)
1 038 4.0 3.58 6.26 15% 1.37 1.46
2 1.95__ 5.9 '__‘:»‘,‘:13,5 23.6 5.56  1.60 1.23
3356 7.8 3T 60.7 248 1.86 .28 kvorage
o515 9.7 LY 126 L4%. 2.16 1.22
5 6.4 11.6 125 219 0.95  2.49 1.26
Argon tubes (207 mg/cm2 window)
1 0.35 3.1 71.90 3.33 31% 1.28 1.24
2) 1.94 5.0 6,11 10.7 11.4% 1.49 1.22
3 3.53 6.9 . 15.3 26.8 5.0% 1.74 1.30 iéziage
L 512 8.8 302, 52.9 2.60  2.02 1.36
5 10.8 ‘_;»";53h9j- | 2.36 1.47

6.71

YA

‘Nucleometer: 1.00 counts/diéintegration (off Pt backing)

' The values listed uhderv"aSSumedjgeometry“ are averaged values of geometry

measurements made by a number of workers in this laboratory. These measurements

were‘érdinarily_made with weighed uranium standards. The area covered by these

standards was ~1 sq cm, an appreciably larger area than the 0.2 sq cm area

covered by the Np239 samp;éso The geometry for the Np239 sgmples might then be

expected to be somewhat greater for a givén shelf. This effect probably accounts

for the higher counting rate observed with the amperex tube with the sample on

shelf 1.
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The electrons per disintégration value is calculated from the assumed
geometry, aﬁsorption correction, and disintegration per count ratio for sample
with negligibie béckinge_ The‘absorption correction was obtained from the lower ‘
curve of Fig;‘l. The béékiﬁg‘material'and’geometry'apparently have liﬁtle effect
on the shape of the absdrbtion-curve at small absorber thicknesses, as evidenced
by the three curves of Fig. 1.
The back-scattering_factors for the various mountings used are shown in
Table III. The back-scatter factor. is here defined as the ratio of the count
of a sample mounted on the stated backing to the count of a similar sample

mounted on a 1.93 mg/cm2 mica backing.

Table III
Backing material . Back~scatter factor
Mica (1.93 mg/cm?) | 1.00
Mica (1.93 mg/bm?)'onwl mm 1.15
cardboard : :
Glass (39.2 mg/cm ) on'lmm 1,22
cardboard.
Stainless steel (218 mg/cmz) on 1.46
1 mm cardboard _
Platlnum (103 mg/cmz) on l mm 1.75

cardboard

’

" If one assumes the géoﬁgtry of ﬁhé nucleometer to be 100% for the Np239
radiations, the 1.00 cqunts disintegratioh'ratio would indicate that as far
as this counter is concernéd, all conversion electrons are in coincidence with
the_beta-particles preceding’them;- Usihg a piatinum backing, one would expect
the apparent geometry to be at least 87% (50% physical geometry increased by

a factor of 1.75 for back-scattering) if only betas are emitted. Since conversion
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* ALUMINUM ABSORPTION OF Np‘235 ELECTRONS

N _ x COUNTS OFF PLATINUM BACKING
AT 100% GEOME TRY

COUNTS OFF PLATINUM BACKING
AT 5% GEOMETRY -

GOUNTS OFF MIGA BACKING
AT 5% GEOMETRY
mg

Ty,* 8275

I A N IS R PR N B |

11 1 | ,
{ 2 3 4 5 6 7 8 9 10 W 12 13 14
mg /cm® OF Al . MU 64l

1644t

Fig, 1
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electrons are also present, the assumption of a 100% geometiry is probably not
a bad one. |
- The average value for the number of electrons per disintegration is given
in Table II. The value- obtalned from shelf 1 data was not included in the
average because the assumed geometry, due to its dependence on the area of the
sample,_is less reliableoﬁ The Argon éhelf 1l data is further complicated by a
decrease in the count due to increased coincidences resulting from.highér geometry.
Since the error in theielectrons per disintegration ratio may be as large as
15%, the differences shown by the two types of counters may not be significant.
The value of ~l°3'eleétrons/disintegration is appreciably smaller than the
value of ~2 obtained by‘Wénl and'Seabprg,l Slatis2 has examined the electron
spectrum of sz39 and reports 2.1 electrons (B and e”) per beta-disintegration.
However, the end-window counters used would not detect electrons of less than
LO0=-Kev energy,vand the‘extnapolation of the absorption curve might not properly
account for electrons _'of'lg's.vs than 65-—Kev energy. From the data of Slatis there -
are 1.4 electrons of energyggreater than 40 Kev per disintegration, and 1.2
electrons of energy grégter”than 65 Kev per disintegration. There would.then

seem to be no disagreement between the present result and that of Slatis.

lA C. Wahl and G. T. Seaborg, Manhattan PPOJeCt Metallurglcal Laboratory
Report CN-266 (September, 1942)

2Slatls, Arkiv. Mat. Astron Fy51k°, 35A, No. 3 (1948).
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