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EVIDENCE FOR A ~fl ISOTOPE OF POTASSIUM 

Roy Overstreet* 1 Louis Jacobson**, and P~ R. Stout*** 
July 1, 1948 

ABSTRACT 

A study of the potassium isotopes produced by the bombardment of 

argon with helium ions reveals the presence of a hitherto unknown 

isotope with a 22.4 hour half-life. The new potassium isotope has two 

beta components of approximately .25 Iviev and .8 I:ev maximum energies. 

A gamma component is present of roughly 0.4 Liev energy. The evidence 

strongly suggests that the isotope in question is K43 produced by the 

reaction A40 (ex. ,p) K43. 

To be declassified for eventual publication. 

University of California 
Radiation Laboratory 
Berkeley, California 

*Associate Professor of Soil Chemistry and Associate Soil Chemist in 
the Agricultural Experiment Station, University of California. 

**Assistant Professor of Plant Nutrition and Assistant Plant Biochemist 
in the Agricultural Experiment Station, Universi~J of California. 

***Associate Professor of Plant Nutrition and Associate Chemist in the 
Agricultural Experiment Station, University of California. 



Introduction: -----...;....- In a recent 

(1) it was shown that bombardment of argon with 40 Mev helium ions 

res~lted in the production of radio-potassium in exceptionally high 

yields (about one millicurie per micro-ampere-hour). This bombard-

ment subsequently has proven to be a very satisfactory method for the 

production of radioactive carrier free potassium, particularly for 

use as a tracer in the biological and agricultural sciences. Iloreover, 

the apparatus used (See Fig. 1) which was designed by M. T. Webb of 

the Crooker Radiation Laboratory may be employed for the bombardment 

of other gases with protons, deuterons or helimn ions~ The reaction 

is carried out in a bell-jar constructed of 2S comrnercially pure 

al~inum so as to contain the beam and througp which a slow stream of 

argon gas continuously flows. The outlet tube for the gas is approxi.:. 

mately 20 feet in length and the end of the tube is immersed in a 

beaker of water. Also the outlet tube contains a glass wool plug 

adjacent to the bell-jar. The rate of gas flow and length of outlet 

tube are adjusted so as to prevent air being sucked back into the 

bell-jar as a result of cooling due to momentary interruptions in the 

beam from sparking of the deflector, etc. The major portion of the 

radio-potassium settles out on the walls of the bell-jar and the 

remainder is caught in the glass wool plug in the. gas outlet. 

Following the bombardment, the walls of the bell-jar and the glass 

wool plub are treated with warm distilled water.. In this manner an 

essentially pure preparation of carrier free radio-potassium is 

obtained that can be used without further purification in most 
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instances. However, it will be shovm in the following sections that 

this preparation contains more than one long-lived isotope of potassium. 

Purification of Radio-potassium: In order to identify chemically 

the radioactivity produced by the above method the preparation >vas 

carried through a series of chemical separations. 

To a water solution of the potassium preparation 10 mg. each of 

the following carri·3rs was added in the form of soluble salts: Zn, Cu, 

Na, K, Rb, Cs, Ca, Ba, and Sr. 

The Cu was precipitated with HzS in acid solution and Zn with H2S 

in neutral solution. No activity was carried dovm >rith the CuS and 

ZnS precipitates. This indico.tocl the absence of essentially all clements 

except those behaving as anions and the alkali and alkaline earth groups. 

The elements K, Rb and Cs were precipitated as the pcrchloratos. 

Only a trace of activity was found in the filtr.ate which probably was 

due to the slight solubility of KCI04• The perchlorate precipitate 

was recrystallized 15 times in the presence of Na, Ca, Ba and Sr 

carriers. There was no detectable change in the specific activity of 

the perchlorate precipitate. It was, therefore, evident that all of 

the activity was associated with the K, Rb and Cs fraction. 

The perchloratos of K, Rb and Cs were then converted to the 

nitrites by precipitation of the elements with cobaltinitrite, fusing 

with NaNOz, and filtering off the cobalt oxides. Hb nnd Cs vrote 

separated fram K in the nitrite solution by precipitation vdth bismuth 

subnitratc. The Rb and Cs were subsequently separated from each other 

by precipitation of the Cs with antimony chloride (2). Each of the 
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three fractions were examined f'or,_activity~ The Cs fraction was 

inactive• .Approximately 97% of' the activity was aasoc:lated with the 

K fraction• The remainder of' the activity was in the Rb fraction. 

However, since the decay rate and energy distribution of this activity 

was identical to that of' the activity in the K fraction, and also since 

the separation of' Rb from K is known to be not entirely complete 1 we 

ce.n def'ini tely attribute the small Rb activity to co-precipitated K. 

The above chemical separations were carried out both on a newly 
• 

bombarded sample and on an aged sample (200 hours). The distribution 

of' activity was identical in both cases. The ·chemical separations 

indicate that no detectable activity of' half'-lif'e more than a few 

minutes other then potassi~~ is deposited on the walls of' the bell-jar 

in this bombardment or arose from the bombarded areas of' the bell-jar 

itself'. 

Decay Measurements: Althouf,h the potassium preparation has been 

shown to be very pure chemically, the ·decay curve does not show the 

12.4 hour period characteristic of' x42 (3). For example, the activity, 

when purified as described above, has at 5.5 hours after bombardment 

a half-life of 14.8 hours and at 150 to 350 hours after bombardment a 

half'-lif'e of 22.4 hours. The decay curve for the purified preparation 

is given in Figure 2. 

An analysis of the curve of Figure 2 clearly indicates the 

existence of an unknown isotope of K with a half-life of 22.4 hours 

in addition to the 12.4 hour period of x42 • The new isotope accounts 

for approximately 22% of the total initial potassium activity as 
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measured with a Lauritsen electroscope. The air gap plus the electro• 

scope window was equivalent to 5 milligrams per square centimeter of 

aluminum. 

Magnetic SpectrographMeasurements: Examination of the ;::>urified 

potassium preparation in a magnetic spectrograph 1;:ith a field strength 

of 2400 gauss showed no evidence of positron emission. Three beta 

components of the following maximum energies were obtained: .241V:ev, 

.81 Mev, and 3.5 ~~ev. The 3.5 Mev component avid.ently corresponds to 

the 3.58 Mev beta particles reported for K42 (3). On standing, this 

component disappeared in a manner consistent vdth a 12.4 hour half­

life, leaving the .25 Mev and the .81 Mev components. A magnetic 

spectrogram taken approximately 24 hours after bombardment is given 

in Figure 3. 

Al and Pb absorption curves: The Al and Pb absorption curves 

for the purified preparation taken 210 hours after bombardment are 

given in Figure 4. The Al curve shows a soft beta component with a 

range of about 60 mg/cm2 which is equivalent to a maximum energy of 

.24 Mev. The curve also shows a beta component ·with a range of 

roughly 300 mg/ cm2 or a maximum energy in the neighborhood of 0. 8 L.lcv. 

The Pb absorption curve, although it does not permit an accurate 

estimation, indicates a ganuna component with a half-value t'hickness 

of about 3.5 grn/cm2 or an energy of 0.4 L'iev. A comparison of the beta 

to gamma ratio taken for a sample 5.5 hours after bombardment vnth that 

calculated from Fj.gure 4 (210 hours after bombardment) indicates that 

this gamma component must be due to the new isotope. 
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Isotope Assignme~ A study of the possible isotopes resulting 

from the bombardment of argon with alpha partj_cles favors the assignment 

of ~3 to the 22.4 hour potassium isotope. The reaction would be 

A40 ( _, • p)Ir43 • ~. • This choice is further substantiated by the fact that 

the new isotope is a beta emitter. 
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Figure 2 

Decay cu:ve for potassium isotopes 
produced by the bombardment of 
argon gas with 40 Mev helium ions. 

T t = 22.4 hours 
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Figure' 3 

Beta spectrogram of the energy groups of 
radioactive potassium formed by helium ion 
bombardment of argon. Spectrogram taken 
approximately 24 hours after bombardment. 
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FigUre 4 

' 
· Alw:ninum and ·lead absorption curves 
· for potassium isotopes produced by 

the bombardment of argon gas with 40 
Mev helium ions. Measurements made 
210 hours after bombardment. 
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