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THE COUNTING EFFICIENCY OF Pa*>’
Do G. Karraker
“Radiation Laboratory
University of California
Berkeley, Qalifornia
February 27, 1951

ABSTRACT

“he -counting efficiency of Pa?33 nas been determined by
comparison of the counting rate of ?a?BB!“under stated conditions,

with the disintegration rate of U233 produced by ?a233 decay.

INTRDDUCTION
The 27.4 day Pa233 is intermediate in ﬁhe beta-decay chain leading '
'frcmuThZBB.tOwU233? :It has been deemed desirable'to‘determine the |

233 _ that is, the ratlo of the observed counts

counting efficiency of Pa
to the actual d131ntegratlons under specified counting condltlons° - Pa?33
is a»beta-em;tter, with a number of gamma'rays aqd s0'many conver31on
electrons that its betafparﬁicle_sbecﬁrum is masked by electrons. It
~decays;to form U233, which is an alpha-emitter with 1.62 x_lO5 year

1 .
half-1ife. - - The counting efficiency was*determined by counting Pa233;

AY

"1, Go T. Seaborg and I. Perlman, Rev. Mod. Phys. 20, 585 (1948).

then allowing it to decay to u”33, Since the alpha-particles of gR33
“can be counted under condltlons where their countlng efflclency is

known, the number of atoms of ye33 Dresent can be calculated. This is .-
. ! X .
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233 that have decayed. Know1ng

equivalent~to the number of atoms of Pa’
the number of atoms of Pal33 initially present and the geometrlc'
arrangement_for~counting,.the number of counts that would have been
ohserved had each disintegration gi#en_rise to one count can be calculatedo

The ratio of the counts observed to;thefCalculated number offdisintegrations is

the counting efficiency.

EX?ERIMENTAL

‘The protactlnlum was obtained from decay of Th233, produced by
neutron irradiation .of 6 g of thorium (as Th(NBB) °2H,0) in the Oak Rldge
pll_e° The protactinium was eeparated from the thorium target material,
pnrified,uand again separated from its uranium daughter activitj hy |
‘<e§traction'into_di-isopropyl ketone (DITPK)° Protactinium forms an
extractable complex with the ketone in hydrochloric acid concentrations
‘of 6 to 12 molar, while thorium and uranlum can be extracted only to a
;sllght‘extent in 6 g acid, Table I shows the ratlo of aotlvity in the
DIfKrphasegto'that in’the aqerus phase for tracer thorium,‘protactinium,
and uranium. }

The thorium nitrate was dissolved-in_é M HCl.and refluxed during .

periodio addition of formic acid, to destroy the nitrate ion. . TWhen
the nitrate Was‘judged destroyed, the solution was distilled to decrease
the volnme and to bring\the hydrochloric acid coneentration to approximately
o 6 molar, 'The protactinium was extracted from the thorium'into DIPK and
the DIPK phase washed tw1ce w1th 6N HCl to remove traces of thorium and "

uraninmo The protactlnlum was then extracted from DIPK into 2 M HClo.

This procedure was repeated twice in order to.purlfy thoroughly from
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uranium, end analysis of the hydrochloric acid solutions used‘to wash

the DIPK phase last showed the protactinium free.from all but'a negliblel
amountmof~U233 The protactlnlum was extracted into an aqueous phase

' eonsisting of 2 M HCl, the acld ooncentratlon brought to. 6 M,and the

\ protaotinlum stored in a lO ml volumetrlc flask and allowed to grow 1ts
U233 daughter° After a period of growth, amountlng to aporoximately two
Aweeks, the uranlum was separated from the undecayed protactinlum by
extraetlon of the protaetlnlum with DIPK, leaV1ng the uranlum behind in
the aqdeous-_:phase° A1l ogeratlons oni the protaotlnlum qp-to thls‘p01nt
were carried out in a Berkeley box, for safety in“handling the high level
of.aotivitg-usedoweThreejextractions with ‘equal volu@ee of DIPK Were\:

' necessary. before ﬁhe~Geiger activity of the aqueous phese was low ehough
tO”allow_removal from the Berkeley box. - The totalvGeigerdaotivity of

‘ Pa233 was measured by removal .of two seperate aliquots of 0.100 ml each

’ ffom'the original 10 ml solution of\PaZ?Ba These aliquots Were diluted
to 250 ml and OolOO ml samples were evaporated on platinum counting dlsks
forbmeasdrement in a Gelger counter, The two separate aliquots gave the
same Geiger count ﬁiﬁhln 4.pef cent, The deeey‘of the counting samples

wae followed and no signlficant deviations from the 27.4 day half-1ife. of

pa233 were ncted over a/ﬁerlod of 40 days. The original aotivitybdﬁﬁhe

?3233 was obtained by extrapolation of the decay.curve to'ﬁhe poinéjwﬁere
puriflcation was oompleted° | o |

The U233 formed by deeay of the Pa233 was measured by counting. the

alpha aetiv1ty directly in a 25 per cent aliquot of the uranium fractiono’
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- Only one type of Gelger tube was used, and end-w1ndow tube trade
named Amperex filled with argon-chlorlne mlxture w1th a w1ndow dlameter
of 2,75 em and a window thickness of 3.5 mg/cm o The counts were taken’
inside the customary lead chamber at five standard shelf p031tlons and
averaged over six different counterso The average geometry at each

position has been determined® and is shown in Table IV.

2 H. Neumann, Univ. of California Radiation Laboratofy Classified

Report UCRL-840 {August 1, 1950).

r‘The samples were mounted on platinum counting disks and were
gpuqte& #ncoveredo To make compérisop possiblé, samplés were moﬁnted
also on lolvmg/cm2 mica backing and the ratio of counts observed fa
. various backing materials to those for mica backing was measured by
. placing various backing materials beneath,the mica° The backscattéring -
from the mica was assumed to be negllble, and the ratic between the _
count. of ?a233 on the various backlngs to the count on mica backlng is
considgred the backscatter - factorqv’values of this faqtor determlned
are given in Table TI. )
The alphilparticles\of ﬁ233 were céunfed in an gfgoﬁ ieni%ation
chamber at 52 percent” geometry. it was necessary in_sbme cases to
count .samples below the couﬁting plateaﬁ, due tolthe high level of .
'assoclated beta act1v1ty from unseparated Pa”>3, In théselcasesg a -
correction was applled to the data by cqmparlson with a‘plateau curve

determined uéing a U233 standard.
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: Absorption data was obtained by interpesing thin aluminum or
mica sheets between the sample and the “Geiger tube. To obtain fhe‘.
absorption curve of Pa33 at zero abserber, use was made of a windowless:

; ‘ / : :
ceunter, trade named "Nucleometer.® Apsorption curves for Pac33 are shewn _
in Fig. 13 Thewce?rectiops for abeorption were_made using tﬁe thleemeter

- curve, since extfapblation of low-geometry data is quite uncertain.

RESUETS

‘Three separate deterﬁinations.of the counting effieiency were madé.
" The pydeedure for the first two detefminations was‘identical, except
for slightly different decay faeriods° The protacfinium was purified‘v
f?om thor%um’and uranium; allowed ;5 decay two weeks, then the_UZ?3 pro=
duced by ﬁhe decay separated by four extractions in the Befkeleywbox,
foIlowed by six or seven additionel extraetions, for whieh the'U233 Tost
Weserecovefed byirecycling'o The third determination was made doing no
fu:ther'eperations after removal from the Berkeley box., The data‘necessery'
for caleulation of the results are included in Table TIT, where the
disinteg?ations of U233 have been'eorrecfed for a 7 percent lose in the
first four extraetions, and for counter geometry. The vélue eaopted is
the-everage.of the three'determinaﬁiens, 6.3 x 10'3_counts {on fhe
fifth etep off platinuﬁ backing) per disintegration,

The average number of eeents per disintegration at various geometriee
is shown in Table IV. Corrections for backscettering, for absorption
ih4air, for absorption by the.counter window, and fof counting geometry

give an average of 2,7 electrons per disintegrationo The large.: deviation

v
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from the mean at the first step position is presumed due to uncertain

geometry,

This is in essential agreement with Seaborg and co-workers,3 who

3. G. T. Seaborg, J; W. Gofman and R. W, Stoughton{ University of

f?alifqi.'nia_.R,ad,i_;at.ion L,a_bor,atori Report £-192 (June, 1942) .

" had previously determined by a different method that Pa?33 emitted 2.3
electronslper disintegration, |

The values of the counting efficiency are consistent to 5 percent,
bﬁtlthe absolute accuracy is expected to be no bettervthan 9_orﬂiQ /
percent.  Since-the variation among different‘counte;s checked was
5 percent, it is felt #hat to claim greater accufacy than Wduld'nécésf -
v sitgté specifying the particular G?iger counter to be usedf_ The major, .

portion of the uncertainty is thought to be in the counting determinations,

and in the determination of the counting geometry.

Table T

- _DIPK_ DIFK___ DIPK _ DIFK__
Element - - 3 BCL - - - - OM HOL 9N HO1 12M HCL
Th €0.001 0,002 0,003 0,004
Pl 0,016 37 93 296

T = o016 - 0.4
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Table IT
c/m Pa<3> % of U3
Amperex Ofigc ,Diginte- Counting
_ "Tube Decay ~Pa ~ grations Efficiency
Det. Step 5 Period Decayed Produced d(m Pa?33 Step 5 c/d
1 5.63x108 14.0day 29.7 1.17x104 8.52x1010 6.61x10-3
2 6.23x10% 14.8day 31.2 1.47x104 - 1.02x101 6.12x10-3
3 5.88x10% 15.0day 31.6 1.37x104 9.36x1010. 6,.28x10°3
ey

Ave. 6.33x1073 ¢/a

or 158 d/c

Table III

Backing Material

Backsgattér: Factor

eamares
1.1 mg/em mica

1.0
.}ciwmg/qmz mica;pg~car§;§ard 1°i
Gla;é 40 m;/cmé , 1.15
v .
Sfeel_ZZdlmg/;ﬁé\ 1.32
Pt 100 ng/cn? - 1355"' “
b 10 el "
Pb 48 mg/cmz ‘ 1i5§ |
Lpgite'l75 mg/cm v"1°Oéu
- - O——
_Aluminum 680 mg/cm2 1.1 J

T
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o

Table IV,
Amperex Tube - 3.5 mg/cm2 ) o
N Distance from | Disintegrations ' -
window to samplqd per count Electrons/| .
Total . Geo- | Absorption| Dis--
' Absorber [Pt~ Mica metry | Correction| integra-
Shelf| Cm. . mg/cm® _ Backing| Backing| % | Factor ‘tion
1 0238 4.0 hes | 6,97 12,6 | 3.3 . | 3.78
2 197 597 7.8 | 276 | 4.9 | 3.8 2.81
3 356 7.8 k5.0 | 697 | 2.3 | 45 2,81
4 5,15 9.7 - L8 |12 14 | . 5.2 | 2.62
5 6.7, 11.6 158|245 | 0.9 6.0 2,73
" Nucleometers 0,65 counts/disintegration - average of last four steps

2.7

-

This work was performed under the.auspices of the U, S. Atomic

Energy Ceommission.
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