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LETTER TO THE EDITOR 

Nuclear Spin of 2::Pu 

Physica XX 
37-38 

The optical spectrum of plutonium was excited in a hollow cathode discharge tube 
provided with 7 mg Pu-oxide. Highly purified argon was circulated through the tube. 
During 7 hours the spectrum of neutral plutonium was very bright at 400 V, 150 mA. 
By means of a Steinheil 3 prism glass spectrograph it could be photographed in 15 
minutes in the region 7000-3700 A. The strongest Pu II-lines are also present on the 
spectrograms. 

The spectrum was examined under high resolution in the region 6500-4000 A by 
means of Fabry-Perot etalons placed in front of the spectrograph. The interference 
fringes were focused on the slit by means of a 33.3 cm achromat. Exposure times of 3 
hours yielded spectrograms of sufficient density to study several Pu-lines in detail. 
Two such spectrograms could be made, one with silvered etalon plates 19 mm a part, 
and the second with aluminized plates at a distance of 28 mm. 

The interferometer spectrograms revealed the existence of a narrow doublet 
structure in 28 lines. The doublet components have nearly equal intensities in most 
cases. In the region 6420-5520 A 30 Pu-lines are strong enough to be studied and 13 of 
them turn out to be doublets, while somc other lines are definitely broadened. 

Since the sample practically does not contain any other isotope than 239Pu, the 
observed splitting must be interpreted as a magnetic hyperfine structure. Though 
the electronic structure of plutonium is u.nknown as yet it is certain that most strong 
lines are due to transitions between levels of high J. Moreover the J-values in the 
Pu I-spectrum are integer and even a 0-1-transition would show 3 components if 
the nuclear spin were > 312. 

Hence the 2~1Pu-nuclide has a ground state spin I = ½-
The nuclear magnetic moment cannot be determined as long as the electronic 

levels are unknown. Even its sign cannot be given, since one may expect transitions 
5/5 6d 7s2 - 5/5 6d 7s 7p in which the high level has the largest hyperfine struc
ture splitting and transitions 5/5 6d2 7s - 5/5 6d2 7p in which the low level will 
split widest. 

The nuclear spin found is rather unexpected in connection with the spin of 235 U, 
which is probably 512 1), and with the regularities of the nuclear shell model. It has 
been assumed that in 235 U the neutron state 6g012 is filled, while 7i1½ lodges 6 neu
trons and the odd neutron is in the 5d512-orbit 2). It would be quite natural if the 
2 additional neutrons in 239Pu would occupy the 7i1½-orbit and the final state would 
remain the same as in 235U. However, among odd neutron nuclei the tendency of the 
last neutron to occupy states of small momentum is well-known. The shell in question 
contains the 4s½-state. When the odd neutron in 239Pu prefers to occupy that state 
this means that 4s½ is lower than 7i1112, 8k1s12, 5ds12 , 6g½ and 5da12 for single occupa
tion in the region concerned. A similar situation is known in the foregoing period of 
the nuclear periodic system, where 111 Cd (and subsequent nuclei) has a 3s½ ground 
state owing to 3s1/z being lower than 4ds12, 6h1½ and 4da12 for single occupation. If the 
interpretation given is correct the magnetic moment .of 239Pu should be negative. 
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The plutonium used in this research had been extracted from the uranium pile at 
Châtillon, in the laboratories of the French Commissariat à l'énergie atomique, with 
the help of Madame C. L heureux. Seven milligrams of highly purified Pu in 
the form of its hydroxide were brought to Amsterdam where the hydroxide was 
dried and transformed into oxide in the chemical laboratory of the institute for 
nuclear research, with the help of Mr. L. Lin d ne r. 

The investigation of the plutonium spectrum is being continued. 

Our sincere thanks are due to Professor D_r C. J. B a k k e r for suggesting the 
problem and stimulating interest in the course of the work. 

Receivecl: 16-12-53. 
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