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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 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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SIMULTANEOUS DETERMINATION oF O18 AND O 6 ISOTOPES

BY He3 ACTIVATION ANALYSIS *
» Jemes F. Lamb, Diana M. Lee, and Samuel S. Markowitz
. Department of Chemistry and Lawrence Radiation Laboratory
-’ v - University of California

Berkeley, California
USA

Charged particle activation anaiysis using accelerated 3He++ iéns
provides g method for determining the isotopic cqntent of oxygen in varioﬁs
materials, The method is most important for samples whose oxygen content is
difficult.to prepare in a form suitable for mass spectrometric analysis, or
for semples which must be analyzed non-destructively. Among the former are a
variety of high melting'inorganic oxygen éompounds and organic compounds ﬁhich-
yield much too complicated mass spectra when analyzed directly.

The method reported here is based upon the nuclear reactions induced
in oxygen during bombardment with 3He++ ions accelerated to about 10 MeV;

The reactions éf interest are

(1) Yo(e,p)8r + Bo(3ue,n) Oy L3 sec , 18g

(2) *o(te,p)® |
" The 18F activity, produced frﬁm 16O by the two reactions, ‘has:-been-reported pre-
_ viouslyal 18F decays with a 110-minute half 1ife directly to the groﬁnd
4 state of stabie 18O by positfon emissién; The cross section féf total prdj
duction of 18 F is about 260 mb at EHe-3 = 10 MeV. 20F is a negatron emittér
with a half life of 1l.h sec.z The cross section for reaction 2 has ndt been

previously investigated.

% _ : : _
This work was done under the auspices of the U.S. Atomic Energy Commission.
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I. EXCITATION FUNCTION FOR THE REACTION ~ O(“He,p)” F

The>abselute cross section for the reaction 180(3He,p)20F, measured
aﬁ ineident 3He parﬁicle energies 2 to 20 MeV, is shown in Fig. 1. The beam'jjﬁx
vintens1ty used was about 0.2 uA.

The short half life of F precluded the use of the stacked f01l ‘
v vtechnique so that each point in Flg. 1 represents a separate bombardment.' The
energy of the incident beam fram the Berkeley HILAC was degraded fram its
| initial wvalue of 31.2 MeV by the appropriate thickness of aluminum foil beam'

degraders.3 The target consisted of 18O enriched Tazo prepared by anodization

5
of tantalum foil.# The same target was used throughout the experiment because

.the 20F half llfe is sufficiently short.

The irradlatlon chamber is shown dlagramatlcally in Fig. 2. The
secondery electron monitor foil allowed measurement of beam 1ntensity durihg
sample irradiation even %hough the thick tantalum foil sample backing ettenu-‘e‘
‘ated the beam current readings. This was done by obtaining a moniﬁor foil.

_ versus Faraday cup calibration at each beam energy Before introducing the
sample into the chamber. The chamber was operated under a helium gas atmos-
éhere rather than in the accelerator vacuum to minimize time loss dﬁring'

. sample retrieval, The activate? samples were transferred to the counting

chamber by a gravity fall deliveryAtrack which introduced the sample for

counting within 4 sec after the end of bombardment.

20.

The "°F activity was determined by following the decay of its assoeiated . i

1.6-MeV v ray using a 3 X 3 in diameter NaI(Tl) scintillator coupled to a

RIDL 400-channel analyzer operated as a scalar, with scaling intervals of

o

- —
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‘2 sec. The resulting decay curves were resolved using a computer code.

20

"Fig. 3 is a-typical épectrum'showing the 1.6-MeV photopeak from ~°F decay;

II. ISOTOPIC OXYGEN ANATLYSIS

The isotopic content of a number of samples was determined by measﬁrlng
the 16 180 ratio from the act1v1ty produced in a s1ngle bombardment. Semples
con31sted of HZO’ KHZPOA’ and glycine of various atom percent 180, obtained,
togeﬁher with approximate analyses, from the Weizmann Institute of Science,
Rehovoth, Israel. |

Targets were prepared from the KHZPOLL and glycine by allowing the
_finely—ground materials to settle onto a backing foil from an ether suspension,
drying, and fixing the powderiwith a drop of dilute polystyrehe in dichl0ro-;'
ethylene. Samples were prepared from the waﬁer by anodizing tantalum foil
in a solution of the H2018'containing g few crystéls of KCl.h Thin tantalum
cover foils were placed over all targets to prevent recoil losses. . v‘; i

Each semple was irradiated for 10 sec at a beam energy of 10 MeV. L
Deéay of the short-lived OF was followed for 300 sec, the samples allowed to '.‘A !

.. cool for 4 hr, and then the decay of the l8F followed by measur;ng the 511-keV -
y-ray resulting frqm g _annihilation. The 4-hr cooling period.was sufficient
for complete decay of any activities resulting from any other reactions of .

VJ C, N, and O which produce positron actiﬁitj.

The 18O atom percents were calculated by comparing the ratios of the
18_ .20

.Ao values of ~ F: F in the samples to the ratio measured for one of the Te_ O

25

targets selected as a standard. The composition of the water from which the
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standard was preparéé. was verified by mass spectrometric analysis. ’ This
methosi..of treatiﬁg the datsa ie;nov_es beam- currentvintegra.torv readinés and
' Samplé weight determination ffom ﬁhe éﬁlculations, léaving tﬁe,counting
statisﬁical error as the mgjor source of error. Results of several isotopic»'v' L.
oxygen a.na.lyses are shown in Table l;. ‘the errors shown represent maximum

variations in triplicate aralyses. ‘ : ' e

ITIT, CONCLUSIONS

Heliuin-f3 activation a.né.lysis provides a nondestructive method f‘oi
determination of the isotopic content of oxygen in a wide v@iety of materials
R which, in principle, meets analytical requiremeﬁts of. accuracy, senSitivity,'
and-relative freedom from interference.

Tl_le accuracy and sensitivity_(at the concentrations studied in fhis
paper) are both concerned primarily withcounting statistics which, in tui-n,'
'w.ill be goﬁerned by e,vailé.ble beam cu.rreh’c.v Both the 160(3He,p)l8F eind the
180(3He,p)20F' reac‘tions have maximum -cross éections of hundreds 'o.f millibarns
. and they both produce radiation which mey be detected without complication |
_and with reasonable counting veffici.ency. No effort_ has been made to push |
either the sensitivity or the accuracy éf the analysis to the limit, :since

L]

available 3He beam ihtensity at the Berkeley HILAC is only a fraction of that

which may be produced in a small cyclotron, Limitations on sample sizes due ' R P

to the small depth of penetration of the >

He beam are not generally of much
importance when the saminle under consideration is of an isotopically—enriched

material.,

et =
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ratory. The 19F cross sections aie, however, considerably lower than the 0
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There is only one nuclide whose presence in a sample would produce

19 0

significant interference. F, if present, would produce both 18F and 2 F

by the reactions 19F(3He,a)18F..and l9IF(3He,2p)20F. The cross section for

18

Production of °F from Yp is about 20 mb at E = 10 MeV.5’6’7 The cor-

- "He-3

responding cross section for 20F production is now being investigated and

appears to be about 40 mb at EHé-3 = 10 MeV. Should it be necessary to

. measure isotopic oxygen in the préSence of fluorine, it might be possible to

18

account for the F and 20

F contribution from fluorine through the reaction

l9F(3He,n)211\1a. This reaction is also being currently studied at this labo-
. 16

and the 18O cross sections; furfhermore, the 16O may be determined via the

' l60(3He,0£)l50 reaction. : : v o ;

A small, "desk-top", cyclotron has been devloped at the Lawrence
Radiation Laboratory, Berkeley, for the purpose of acceleration of 18-MeV
He3 ions for activation analysis'and other nuclear reaction studies; details

are given in Ref. 8.
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Fig. 1.
Fig. 2.

Fig. 3.

-Gamma-ray spectrum of T F and~20F produced by_bombardment of

-8 . | S ﬁan~17812_.

" FIGURE CAPTIONS

‘Excitatlion function for the reaction 180(3He,p)20F. L ' A

Irradiation chamber fbr helium-3 activation analysis.
' 18 '

l8O-enriched.Ta20 target. 3He energy‘¥ 10 MeV,

5
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-
mission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report.

As used in the above, "person acting on behalf of the
Commission" includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee

“of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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