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D. C. Conway* and J, O, Rasmussen
Radiation Laboratory and Department of Chemistry
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Janwary 7, 1953

; - ABSTRACT

Here are reported the results of an investigation concerning
the applicaﬁility of the four pi geometry proportional counter for
absolute countiﬁg of simple electron capture decay. The isotope
chosen for this study was Atzll, where the absolute electron capture
disinbegration rate is calculable from the alpha disintegration
rate. The proportional counter chamber was filled with methane at
atmospheric pressure and various thin mounting films for the sample
were used. The counting efficiency was found to vary greatly with
type of moﬁnting films and in only one case was greater than 74
percent. It is concluded that the four pi proportioml counter is

not particularly suited to absolute counting of simple electron

capture decay.

#This work was performed under the auspic es of the AEC.
+ _

Now at the Institute for Nuclear Studies, University of

Chicago, Chicago, Illinois.
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We héve cq_ntinued our investigation to détémiﬁe,whethér orﬁot
the four pi céerf cén be ﬁsed to dé;cemine aSslolﬁte électron capﬁﬁre
d:.smbegratlon rates, The four pi count:.ng cha.mber, which was used as
a metha.ne flow type chamber, is the one shown in the pamphlet, “Confer-
ence on Absolute Beta Counting," with a two mil wire substltutegi for
the one mil high voliage wire to bring the alpha plateau into the
range of the nucléém—atér,l The amplifier and scaier are those of the’

Mark 9 Nucleometer with a 6AH6 pentode clipper at. the input of the

first amplifier tube to prevent overloading by the large alpha pulses

and a 12AX7 triode bétween the two cathode follower sjt,ages to restore
the gain to its original va.lue., With this arrangehent, a 0.3 micro-
second pulse of amplitude 7 mv. - 20 v. gives ’less‘than one percent
double ‘pulsing. |

A t211

, formed by the (@lpha, 2n) reaction on Bi metal with approxi-
mately 28 Mev alphas, was separated from the target by heating the

target and collecting the At on a cold finger. The At on the.ﬁfiger

"‘Thls work was performed under the auspmes of the AEC.,
"‘Now at the Insta.t.ute for Nuclear Studle S Unlvers:Lty of Chlcago,
Chicago, Illinois. ' '

1"Conference on Absolute Beta Countlng,“ Nat:.ona,l Research Councll,

February 28, 1949.
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was dissovlved with water and extiacted wit.h isepropyl ether, which
solutlon was used :Ln preparlng samples l-=ll Because of contamlna-
tion of the four pl chamber by sample ll, dllut,e nltrlc acld was N
added to the ether and the ether evaporated leaving t.he At in the
nitric acid which was used in ﬁ'eparing se.mples 12-18. This operation
left t.he At in a non-volatile form. 2 |

The decay scheme of At211 is shown below. From a knowledge of

the branchlng ratlo and the count.lng rates for alpha decay, and

electron capture plus alpha decay, the counting yleld of the four pl o

counter for electron capture can be determ:med The results are

given in Tab].e I,

21 ' :
At . Decay Scheme

AN ;>///\\\\N
31207

a 0,525 -
néoyh “

It was observed in the April experiments that the counter broke
down at couxrblng rates above appreﬁmtely 1QSOOOvcoun'ts per minute
- when only one surface of the tygon was made coﬁdﬁcting by vaporizing
metal on the surface; s0 both sur faces were covered in later experi-
ments. However, dif ficulty was encountered in attempting both to.

make the surfaces ccnducﬁng and to keep the thickness of metal small

2Johnson, Leininger, and Segre, "Chemical Properties of’ Aeta,tj".ne;'.'

AECD 1952, pg. 3, June 1, 1948,
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and of the same thiekness for all samples, so thin gold foils were
used in later experlmentso The fluctuatlon of the yields of samples
1-11 were probably caused pmnclpally by vanatlons in the sample 0
mountlng., It was noted that solutions 12, 17, and 18 were colored

yellow due possn.bly to the formation of a polymer which may account

" Por the decreased yields of ‘these saiples diie to ‘absorbtion By the' A vt

polymer.: Alse_,vthe atomic nunber of the counter wall is avparameter ‘
of only small censequeme as shown by sample 1lba. .

Gold ‘of thickness 10™° cm parti ally absorbs the L Auger electrons -
in At, whereas gold of thickness 4 x 10“'5 absorbs all of these |
electronss AThus by using a‘ thinner backiug, an increased count:_ng y:l.eld
can be obtaiued from the additional L Auger electrons passed through ;
the back:.ng, evidenced by the difference in counting y:.eld between
samples 12 and 14 and 15=-18, Also; x«radnat.lon soft enough to be
apprec:Lably absorbed by methane is a.bsorbed by the gold. The sensi-
wtlw.ty for soft Auger electrons and x-radlatlon is further decreased ’
because the normal alpha plateau ends at a lower counter volt.age tha.n
the no_rmal beta plateau.,

For an increased electron capture yield then (1) very thin Al
films could be used; aud (2) the determination of counting’nyields for
elecf;ron“ eaﬁﬁtme could be carried out on an isotope having no alpha
rad:.atlonso |

It is evident from the erratlc variation and generally low values

of countlng yields for electron: capture in Atzng varying from sample

O T

) 'to sample and even sometlmes from day to day, that t.he f‘our pi pre— ,

porblonal counter is not qu.t ed for absolute eleet.ren capture

$2

ot
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disintegration rate detérminations. At least this is true for Atml
with a simple (no gamma) decay scheme. For electron capture deéay
irivolving at least one conversion ele ctrén‘ of energy greater than
100 kev for each disintegration essentially 100 percent counting

yields should be obtainable in the four pi counter.





