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What do the objects shown in the 
next three slides share in common?
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Trinity:  First Nuclear Weapon Explosion
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Ionization-Type Smoke Detector
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Curiosity Rover on Mars
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The Nobel Prize in Chemistry 1951 

was awarded jointly to Edwin 

Mattison McMillan and Glenn 

Theodore Seaborg "for their 

discoveries in the chemistry of the 
transuranium elements"
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Seaborg participated in the development of the Nuclear Science Wallchart
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Production of Plutonium Isotopes 
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(a) outside of sample box with 

labels

(b) head-on view showing plastic 

rod with sample attached

(c) side view showing sample 

attached to plastic rod.

(a)
(b)

(c)
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Planar Ge detector used for
measurements of sample S338 

36-mm diameter by 13-mm thick 

planar germanium detector 

equipped with a thin Be window 

allowing detection of low-energy 

gamma rays and x rays.  

Shielded with 1.27 cm of copper 

and 5 to 10 cm of lead. 



Background subtracted spectrum observed from Sample S338.  All of the 

labelled peaks are x-rays and gamma rays produced by the decay of 239Pu.  
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To determine the mass of 239Pu contained in S338, we:

1. Measured the efficiency of our detector using calibrated sources of 
57Co, 137Cs, and 241Am.  These sources provide x-ray and gamma-ray 

lines at 26, 32, 36, 59, 122, and 136 keV.

2. Gamma-rays emitted from the S338 sample had to pass through the 

0.63-cm thick wall of the plastic box in which it is contained.  In order 

to account for the attenuation this produced, we placed a 0.63-cm 

thick block of polyethylene between our sources and the detector.  

3. We extracted the peak areas of the 38.7, 51.6, and 129.3-keV lines 

from the spectrum obtained from S338 and then determined the 

sample mass from each line.  Results were averaged to establish the 

mass of 239Pu contained in sample S338 to be 2.0 + 0.3 mg.  

4. Seaborg stated that the first weighed sample contained 2.77 mg of 

PuO2 with no uncertainty given.  This would imply a 239Pu mass of 

2.44 mg.

5. Thus, the mass we determined is in reasonably good agreement with 

what Seaborg stated.
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59 keV
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Expanded region of the 

spectrum observed around 

50 keV.  All of the labelled 

peaks are produced by the 

decay of 239Pu.  No evidence 

of the 59-keV gamma ray 

produced by the decay of 
241Am was observed.
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In his reports, Seaborg states that 45 kg of uranium irradiated for 2 

months with neutrons (produced by deuteron breakup) produced 

200 mg of Pu.  

From this one can infer a total neutron fluence

Fn = 2x1015 neutrons/cm2

Note:  This is about the same as fluence a uranium nucleus in a 

modern commercial power plant sees in a few seconds !

 expect N(239Pu) : N(240Pu) : N(241Pu) = 1.00: 3x10-7 : 6x10-14

After 72 years, almost all of the 241Pu would have decayed to 
241Am, producing less than 2mBq of activity(far too small for us to 

see)

Thus, our failure to observed 241Am is consistent with S338 being 

Seaborg’s plutonium.



Low-energy portion of the spectrum showing uranium L x-rays produced by the 

decay of 239Pu.  The small peak at 9.4 keV is consistent with being an La x-ray of 

platinum.  The peaks at lower energies are likely to be Ge escape peaks produced 

by the higher energy x-rays
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The first sample of 239Pu containing 2.7-

micrograms of oxide was weighed on September

10, 1942, at the University of Chicago’s

Metallurgical Laboratory. It is shown here as a

deposit on a platinum foil held by forceps.



3/9/2015 20



3/9/2015 21

If it looks like a duck, swims like a duck, 

and quacks like a duck, then it probably is 
a duck.

A mallard correctly identified as a 

duck using the duck test
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Reference:

History of MET Lab Section C-I, April 1942 to 

April 1943, Glenn T. Seaborg (1977), p. 228-

235.
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http://arxiv.org/abs/1412.7590

Submitted to the American Journal of Physics
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http://www.scientificamerican.com/article/manhattan-project-plutonium-lost-to-obscurity-recovered-by-scientists1/
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http://newscenter.berkeley.edu/2015/01/15/seaborg-plutonium/
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http://physicsbuzz.physicscentral.com/2015/01/identifying-seaborgs-lost-plutonium.html
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http://gizmodo.com/how-the-first-lump-of-plutonium-made-on-earth-got-lost-1678325042
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https://medium.com/the-physics-arxiv-blog/the-mystery-of-glenn-seaborgs-missing-plutonium-solved-d65f772f0111



3/9/2015 29

http://www.theverge.com/2015/1/18/7727409/first-visible-sample-of-plutonium-rediscovered-in-storage
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http://www.popularmechanics.com/science/a13569/berkeley-plutonium-from-manhattan-project/
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http://phys.org/news/2015-01-historic-plutonium-sample-seaborg-manhattan.html


