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MICROACTIVATION ANALYSIS FOR OXYGEN IN THE ACTINIDE METALS 

Andre c. Demildt 

Lawrence Radiation Laboratory 
University of California 

Berkeley 7 California 

July 19 7 1962 

ABSTRACT 

He 3-activation analysis 7 by use of the Hilac at the Lawrence Radiation 

Laboratory in Berkeley 7 has been found ideal for oxygen determination. Oxygen 

can be determined in as low a concentration as 0.001% in a few hundred J.lg of 

matrix material. 

Interference by activation of other elements can be restricted by 

control of the bombarding energy of the He 3 particles. This makes the method 

applicable to the analysis of fissionable actinides (because only small amounts 

of material are available). 
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INTRODUCTION. The direct determination of microamounts of oxygen remains a 

difficult analytical problem. Different methods.were elaborated upon with 

more or less success and under different experimental conditions: vacuum-

fusion methods (1-4), isotopic methods (5-9), carrier-gas techniques (10), 

and others (11-12) . 

. Since activation analysis offers a sensitive and nondestructive method 

for many elements, as shown in several review articles (13-16), a number of 

activation methods have been proposed for oxygen. Those methods employing 

neutrons (17-26) are impractical in our case, because of fission which compli-

cates in many senses the detection and counting problems. 

Charged-particle reactions induced by protons (27), deuterons (28-29), a 

particles (3o),or 'Y activation (31-35) are either inapplicable or of low sensi-

tivity. 

h-f.t'JYh-.t'J.QILS3LB~~. A sui table activation analysis was proposed by S. S. 

Markowitz and J. D. Mahony (36). They used He 3 bombardments for the determina-

tion of oxygen in Al or Be.c Mylar sheets were used as monitoring foils. The 

nuclear reactions involved are.either exothermic or slightly endothermic, and 

~ have a rather large cross section. The following are reactions of practical 

use: 



and 
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016 H 3 + e ~ 

18 

rNel~: np ++ F 18 + 2.0. MeV 

l J " Ne - ~ 3. 0 MeV 

1.6 sec 18 + 
F + ~ + v, -----:> 

110 min. 
------> ~+. 
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18 . 
A count of the F can be rriade either.by ~+counting or by 'Y detection 

of the annihilation radiation. 

The approximate cross section of both reactions together is about 

400mb at an energy-of 7.5 MeV, as determined by Markowitz and Mahony. They 

determined the cr over a wide range of energy, which gave the excitation func-

tion. 

Oxygen analyses performed by these authors and further analyses of 

Th foils by Mahony and S. B. Hingorani (37) were done on large samples of 

previously prepared foils, with Mylar sheets used as beam monitors. Further-

more, the metallic foils were thin enough to be used in thin-target irradiation. 

For more general application to the actinide metals, the experimental 

setup had to be changed extensively, sincemetallic foils of the heavier 

transuranides are not available and samples of l mg represent an upper limit. 

To maintain adequate sensi tivi·ty, ·beam ·intensities must be increased and 

Mylar eliminated because ·of its poor thermal stability~ 

Moreover, the heavier metals were prepared:essentially as "thick 

target" samples, requiring an increase in beam energy to obtain adequate sub-

surface activation; this had the disadvantage of increasing the activation of 

nonoxygen impurities. A beam energy up: to 12 MeV can activate nuclides with 

A up to 75 (Z = 36), (38). 
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f~~l~l~~I~~~~~l~~!~· Americium metal pellets were flattened by pressing 

them between pieces of tool steel and their surface area was measured under.a 

microscope. 

As Mylar could not be used, ~uartz discs of known oxygen content were 

employed as beam monitors. By placing several monitors in the immediate 

neighborhood of the sample, it was shown that enormous beam inhomogeneities 

could appear. Flux differences up to ratios of l/100 were noted within 2.25 

2 
em of beam. cross section in a beam of 7/8 in. diam. This showed the necessity 

of beam monitoring near the sample" 

Encapsulation of the very alpha-active samples also proved difficult. 

In the previous work (36-37), the Th foils were irradiated in plastic bags 

but, when using the smaller samples and higher beam intensities, it was necessary 

to change to Pt capsules. This encapsulating techni~ue was worked out by 

Billy Abram of our Health Chemistry Department. 

After irradiation, the sample was counted in a 'Y spectrometer; to 

avoid alpha contamination, the Pt seal was not opened. The 'Y spectra were very 

complicated owing to many impurities which hadbeen activated in the Pt. The 

estimated oxygen content was also too high, because of oxygen in the Pto 

For accurate work, the Pt seal must be removed in a gloved box after 

irradiation~ Then, to avoid contamination, the active sample is sealed in a 

plastic sheet before it is counted. 

Another difficulty may arise because of overloading the 'Y spectrometer 

241 
with the low-energy 'Y rays from Am , which may overload the electronic e~uip-

" ment. Overloading can be avoided bY use of thick Sn absorbers (l/8 mil or 

3.56 gjcm2±0.3cjo). The intensity. of the annihiJ,_ation raC+iation is reduced by 

only a factor of 1.36. 
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FINAL EXPERIMENTAL SETUP. Beam Monitoring and Sample Sealing. 
--~-------------------------------

Since the 

beam must be monitored in the sample area for accurate an.alyses, thin_sheets 

of material of known oxygeri content were required. Anodized Al of 1-mil 

thickness (6.74 mg/cm
2 

± 1%) proved suitable. Anodized foil was supplied 'by 

H. P. Robinson (Chemistry Department, Lawrence Radiation Laboratory), .but its 

oxyg-en content was not known. The oxygen content was determined by activation 

analysis against quartz-foil monitors. These were of a few mg/cm2 thickness 

(determined by weight and surface-area measurement in each case) and l/8-in. 

diam. They were made in the glass shop of the.Radiation Laboratory. However, 

they were brittle and difficult to handle and were of no direct use for further 

activation analysis. 

The calibration of the anodized Al gave an oxygen content of 0.49 mg/cm2 

within 10%. This figure agrees fairly closely with that calculated for A1
2
o

3 

from microscopic measurement of the thickness of the oxide layer. 

Circular flakes of 62.5 mil (1.59 mm ± 1%) diam. were cut from this 

material and put on top of the sample to be analyzed. A thin·Al absorber of 

the same diameter was placed between the sample and the monitoring foil to 

avoid radioactive contaminationo The three pieces were sealed together in a 

Pt seal (Fig. 1). The assembly is about 1/8-in. diam. 

required, a special target holder was designed by A. Ghiorso's group to follow 

the focusing quadrupole magnets of the Hilac (heavy-ion linear accelerator). 

The target holder is designed for bcith water andRe-gas cooling of the sample 

and degrader foils to avoid melting or sublimation of the target materials. ~ 

(Beam intensities up to 1 or 2 ~may be reached.) The target chamber wherein 

the target-holder is mounted and flushed with He gas, is separated from the 
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Beam 

MU-27313 

Fig. 1 •. Platinum Seal: 
(1) Anodized Al beam monitor of 1.59 mm = 0.0625 

(2) 
(3) 

(4) 

in. diameter. 
Plain Al absorber (same size as monitor). 
Thick-target sample (different configuration 
and smaller than monitor). 
Platinum seal. 
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accelerator vacuum tank by a Be window of 6-mil thickness. The beam is 

collimated to l/8-in, thick by anAl collimator, and a relative beam reading 

can be obtained from an Ni foil. Absolute determination of beam intensities 

is done by calibration of the Ni-foil reading against the Faraday cup reading 

in a dummy run, without target. Direct Faraday cup readings cannot be made as 

the target intercepts the beam completely. 

To be sure that the beam strikes.the target fairly homogeneously, the 

beam is wobbled within the l/8-in. collimator. 

CALCULATIONS. ~:=:;;_:§;::~::S§;r~~;:~~!~~;_:~. The·· excitation function of the. acti va-

tion reaction has been studied extensively by Markowitz and Mahony who 

degraded the He3 beam withAl foils. They computed the range-energy relation 

for He3 in Al from the Al-proton range. 

Since no He3 range-energy curves were found in the literature for 

quartz, Be, Ni, Ft, Th, U or the transuranides, all these had to be calculated 

from the proton ranges or from a ranges in the different materials. 

The formulas used for these calculations were of the form 

(E) 
3 E 2 

R 3 4 Rn (3) + 0.25 mg/cm 
He 

(l) 

and R 
He3 (E) 3 E) 4 R (4- . a 3 

(2) 

For most cases, agreement within 5% was foundj a few were only within 

10%. Better curves could be computed from the· direct theoretical formulas. 

jl 
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Derivation of Activation Formulas. The classical activation formula, 

used by Markowitz and Mahony, is applicable only when the foils have a surface 

area larger than the beam cross section. 

Under the conditions of our experiments, the target cross-sectional 

areas are much smaller than the homogeneous-beam cross sections. In these 

cases, the activities are dependent upon the sample surface. The total 

activity (- dN ) 
dt 0 

of the irradiated sample now is 

where 

and 

(a) A function of the target surface area (the number of target 

nuclei is directly proportional to the surface area), and 

(b) A function of sample thickness (the number of target nuclei 

is directly proportional to the thickness, and the thickness, 

which degrades the beam energy, affects the mean cross section). 

The activation formula now takes the form 

(- dN ) 
dt 

0 

SN<P cr I. ( 0.693-r\J 
~- exp \: Tl/;) ' 

(3) 

(- dN ) 
dt 

is the total activity at the end of the bombardment, 
0 

s 

N 

cr 

2 
is surface in em , 

is number of particular target nuclei per cm2 contained in 

the sample, 

2 is average flux or beam intensity per em , expressed in incident 

2 
particles per sec and per em , 

is the mean cross section, which is dependent on the energy. 
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As N is proportion~l to the number of mg/cm2 of target atoms (N = aa), 
- . 2 -_- --- -- - -

where a is the quantity of th~ isotope in mg/cm , and .a a __ constant specific 

16 
for 0 , Equation (3) becomes 

( dN) =.Saa"'~ _- dt '!-' u 

0 

The same equation can be written for the beam monitor. Hence, 

(- dN ) [l -~.693~] - exp dt 0 s a a 
<P 

a Tl/2 m m m m m 

(-
dN ) s eX a <P 

~ -c-69W)J s s s a - exp dt s -- Tl/2 / 0 
s 

dN 
- (-- ) 

-dt s 0 a a 
m m m m 

or 
(- dN ) s a ·c:r s s dt s 

0 
s 

' where the index m means monitor and the index s means sample. 

( 4) 

(5) 

In this Equation 5, a and a are functions of the energy intervals of 
-m s 

the He3 particles and can be computed by graphical integration of the excitation 

function. The surfaces S and S are measured and a , 
m s m 

the oxygen content 

of the beam monitor is known. 

. - 2 
Thus, the amount of oxygen (in mg/cm ) in the irradiated region of the 

samples (thick target) can be computed from 

(- dN 
)0 - dt s a s 

m m dN (6) a a (- ) s s m - dt s a s 0 m 
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The percentage is given by 

% 
a X 100 

s 
b 

s 

2, 
b is the irradiated sample thickness in mg/cm 'i 

f, 

RESULTS AND.CONCLUSIONS 

UCRL-10324 

Preliminary experiments with Th foils of 62.5-mil diam. and known 

oxygen content (0.6% by vacuum fusion analysis) showed that 0.5% oxygen could 

be easily detected in 1.07 mg of Th. In later experiments) 0.8% and 0.6% 

oxygen were determined in 150 ~g and 450 ~g of Am
241 J respectively. An 

estimation of the sensitivity of the method shows that at least 0.001% oxygen 

in 200 ~g of Am can be detected. 

However) the accuracy of the method is only about 20%J since it is 

affected by the range calculations and the relative mean cross-section ratio. 

Furthermore) the oxygen content of the beam monitor is somewhat uncertain and 

may be inhomogeneous. 

By this methodJ howeverJ the oxygen is determined independent of absolute 

beam-intensity measurements and absolute cross-section values. 

ACKNOWLEDGMENTS 

The author thanks Professor B. B. Cunningham and his co-workers for 

their hospitality and helpful discussions about the work. 

Acknowledgments are also due Mr. Albert Ghiorso and his group for 

providing their accelerating facilities) and their complete willingness in 

adapting and redesigning their equipment for this work. 

Special thanks are due the Health Chemistry people for the help they 

supplied) especially to Billy Abram for designing and mounting the target capsules. 

This work is financially supported by the "Interuniversitair Instituut 

voor Kernwetenschappen" of Belgium. 

Work also supported in part by the U. S. Atomic Energy Commission. 



-10- UCRL-10324 

LITERATURE CITED 

1. Horton, W. S, and Brady, J., ANAL. CHEM. g~, 1891 (1953). 

2. Albrecht, W. M., and Mallett, M. W., ANAL. CHEM. 26, 401 El954). 

3· Taylor, R. E., Anai. Chim. Acta§~, 549 (1959). 

4. Kopa, L., UCRL-Trans. 774 (L) (1961). 

5 .. Kirshenbaum, A. D., Grosse, A. v., Trans. Am. Soc. Metals~~' 758 (1953). 
'.· 

6. Kirshenbaum, A. D., Mossman, R. A~, and Grosse, A. V., Trans. Am. Soc. 

Metals~§, 525 (1954). 

7. Ki~shenbaum, A. D., and Grosse, A. V., ANAL. CHEM. g§, 1955 (1954). 

8. Kirshenbaum, A. D., and Grosse, A. V., Anal. Chim. Acta~§, 225 (1957). 

9. Pearce, M. L., and Mason, C. R., Iron Steel Inst. (London) Spec. Rept. 

No. §§, 121 (1960). 

10. Shanahan, C.E.A., Rev. Metals~§, 55 (1961). 

11. Evens, F. M., and Fassek, V. A., ANAL. CHEM. ~~' 1056 (1961). 

12. Grieser, D. R., Cocks, G. G., Hall, E. H., and Henry, W. A., U. S. AEC BMI, 

13. Atkins, D.H.F., and Smales, A. A., Advances in Inorg. Chern. Radiochem. 1, 

315 (1959). 

14. Gibbons, D., Mapper, D., Millett, M. J., and Simpson, H., Radioactivation 

Analysis-A Bibliography, AERE-I/R'-'2208 First Supplement, Oct. 1960. 

15. Hoste, J.,Boute:ri, F., anci Ad~s, F., Nucleonics ~2 (3)- 118 (1961). 

16. Thomson, B. A., ANAL. CHEM. ~~' 583 (1961). 

17. Osmond, R. H., and Smales, A: A., Anal .. Chim: Acta ~2' 117 (1954). 

' ' 
18. Leddicotte, G. W., Mullins, W. T., Bate, L. C., and Erhery, J. F., 

ORNL TID-7~55, November 1957· 

19. Coleman, R. F., and Perkin, J. L., Analyst§~, 233 (1959). 

20. Coleman, R .. F,., and Perkin, J. L., Analyst 85,154 (1960). 
' : ~-.. : . 

·,.;, 



-11- UCRL-10324 

21. Born) H. J., and Riehl, N., Angew. Chem. ]~, 559 (1960). 

·• 22. Leddicotte, G. W., ORNL 60-11-124, November 1960 .. 

23. Coleman, R. F., Analyst§§, 39 (1961). 

24. Born, H. J., and Wilkniss, P., Intern. J. Appl. Rad. and Isot. ~2, 133 

(April 1961). 

25. Steele, E. L., and Meinke, W. W., ANAL. CHEM. ~~' 185 (1962). 

26. Veal, D. T., and Cook, C. F., ANAL. CHEM. ~~' 178 (1962). 

27. Fogelstr8m-Fineman, I., Holm-Hansen. 0., Tolbert, B. M., and Calvin, M., 

Intern. J. Appl. Rad. and Isot. ~' 280 (1957). 

28. 
It 

Sue, M. P., Compt. Rend. ~~~' 770 (1956). 

29. Winchester, J. W., and Bottino, M. L., ANAL. CHEM. ~~' 472 (1961). 

30. Nozaki, T., Tanaka, S., Furukawa, F., and Saito, K., Nature ~~2 (4770), 

39 (1961). 

31. Breger, A. Kh., Ormont, B. F., Kutzev, V. s., Vitny, B. I., and Chapyzhnikov, 

B. A., Zhur. Neorg. Khim. ~' 1696 (1957). 

32. Beard, D. B.J Johnson, R. G., and Bradshaw, W. G., Nucleonics~], (7) 

90 (1959). 

33. Gilman, A. R., and Isserow, S., Nuclear Metals, Inc., Concord, Massachusetts, 

NMI-1234/10 F 1 (May 1960). 

34. Bradshaw, W. G., Johnson, R. G., and Beard, D. B., "Technical Report: 

General Research in Materials and Propulsion," Jan. 1959 to Jan. 1960, 

Vol. II, Metallurgy and Chemistry: Lockheed Missiles and Space Division 

288, 140 (Jan. 1960). 

35. Meinke) W. W., and Shideler, R. W., Nucleonics g2 (3) - 60 (1962). 

36. Markowitz, S. S., and Mahony, J.D., ANAL. CHEM. ~~' 329 (1962). 

37. Mahony, J. D., and Hingorani, S. B., Chemistry Department, Lawrence 

Radiation Laboratory. 

38. Marion) J. B., "Nuclear Data Tables," Washington 25, D.C., US AEC Part 3-

119 (1960). 



This report was prepared as an account of Government 
sponsored work. Neither the United States, nor the Com
m1ss1on, 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 contract~r. 



0 




