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COUNTING EFFICIENCY OF BISMUTH 205 AND BRANCHING RATIO OF POLONIUM 205
: : ~ Kenneth Lymn Hali_
Radiation Laboratory and Department of Chemistry
University of California, Berkeley, California
ABSTRACT |

The countihg efficiency of BiR05 has been determined by relating the
geiger counting rate to the alpha counting rate of its 4£209 parent,
This datum was ther used to determine the branching ratio of Po205,
By countil;lg‘ the geiger activity of the separated Bi205 daughter it is
possible to calculate the eléctron_capture disintegration rate of PoR05,
This can then be related to the aipha activity of PoR05 o give the
branching ratio, The corresponding alpha half-life of 0023 + 0,05 year
is then discussed in terms of a hindered decay or a déviation from the

normal nuclesr radius.
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‘ the normal nuclear radius from Po218 to Po

COUNTING EFFICIENGY OF BISMUTH 205 AND BRANCHING RATIO OF POLONIUM 205
Kenneth Lynn Hall -

" Radiation Laboratory and Department of Chemistry
* University of Califernia, Berkeley, California:

o o - I. INTRODUCTION -

In the»stuay of the correlation‘of alpha decay properties, abrupt
changes occur in the negularities in thevcases of nuclei with lese than /
126 neutronsol In this region the decay energy, wnen plotted against

mass number, reaches a minimum before resuming the initial trend, This

" irregularity is attributed to abnormally strong nuCIear binding associated

with 126 neutrons,‘ It was observed that the plot oflthe decay energy ver-
sus halfmlife for the even—even‘nuelei define a line nhiCh agrees Well.
with a line.calculated by means of the well known Gamow formula, giving
the decay constant as a functlon of nuclear radlus, decay energy, atomic
nmumber, and mass number. Assumlng that the normal nuclear radius can be
expressed by To = lo48 x 10“13 A1/3 cm, where A is the mass number of the
daughter 1sotope 1t has been p01nted out2 that the magorlty of even-

even nuclei conform t0§thiSvexpression within L percent. Exceptions vhich
appear to be real are polonlum 1sotopes, whlch decay into d stable config-
uratlon of 82 protons. There appears to be a progress1ve shrinkage in
208, i?e,;'over and above that

due to a smaller number of neutrons. This is explained in terms of the

effect of the 82 proton shell on the daughter nucleus. ‘Betwéen PoRl2



and Po?10 this excees shrinkage is quite large and is interpfeted as
the effect of the 126 neutron ehell° The radius of Po?08 apparently
remains shrunken. It is of inﬁerest therefore, to determine the be~
havior of ﬁne nucleaf radlus in the llghter polonlum 1sotopes°

P0205 was chosen for thls purpose, pr1n01pally because the experi-
nent ls feasible. . It is p0551ble-qo determine the partlal alpha half-
life for thié isotope and to compare the value so bbtained'with(the
calculaﬁed ﬁéiuéo The dlfference can then be 1nterpreted either as a
dev1at10n from the normal nuclear radius, or as a hlndered decay (due
to an odd type nucleus), or to a .combination of both,

205 and hence the

In order to determlne the branchlng ratio of Po
half—llfe, 1t is neeeSSary to know the absolute dlsintegratlon rates of
both the alpha and the electron capture modes of decay for this isotope.

A11 alpha partlcles have a countlng eff1c1ency (number of counts per

dlSlntegratlon) of O 52 when counted in an alpha chamber consisting of
an argon 1o”izatlon dhamber’connécteduto-a scallng unlt On the other
hand,’ the electn:n capture countlng efflclency varles wlth the 1sotope

in questlon*and partlcular countlng arrangemenpg wa it is possible to

measure the eountlng efflclency of B1205

‘\

to usevthls'value to calculate‘the dlslntegration;rate of Po?05 by count-

in a separate experiment and then

ing its B3R05 daughter:. 1In ordef to measuré this counting efficiency the
rumber of B1205 counts per manute was related to the number of alpha dlS—

1ntegratlons per minute of the: parent At209
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II. EXPFRIMENTAL
4., Counting Efficiency‘of BiR05

Astatine was prepared by bombarding bismuth metal with 70 Mev alpha

.particles in the 184-inch cyclotron° At this energy, oniy At209 Atzlo,and

Attt are produced. The +arget was placed in the "astatine b01¢er" (a

stainless steel crucible in which is inserted a water cooled metal fin-
ger with a platinum disk attached to collect the éstatine). The bismuth
was heafed just aﬁove its melting point (ds measured by a thermocouple)
and the astatine was coileqted on the disk, Samples prepared in this
way were counted in the 48 channel'alpha pulse analyzer to determine the

ratio of 4t209 to Atzll alpha activities., More intense samples were pre-

‘pared for following the alpha decay to the 133day alpha~emitting PleOwhkh

grows from At210, it is.theh possible to calculate the ratio Qf 2tR09
to At210, For following the electron capture activity to the 1.5 day
Bi205 (daughtér of,5t209), extremely intehse samples were prepared. The
number of alpha diSintegrations per mihute of At209 was then calculated

205 electron capture activity from the

by counting the P62i°, and the: Bl
same sample;was measured., Thus the countlng eff101enCJ of Bi205 can be

calculgted.

B. Branching Ratio of Po205
Polonium iéoﬁopes;from Poéd5 to P00 ; were produced by bombardlng
BipOg wifh_BO_MevAprotons iﬁ.ﬁhe 18/~inch c:j,r_clo’c_.::'c_:»,n_° The polonlum"was .
separated'chemicaliybfrom'theiférget material by a method based upon pro=-

cedure No. 84-2 ovaeinké's cpmpilation,3 This involved dissolving the



BigOB target in hydrochloric acid, carryingddown the astatine and
polonium on tellurium, solution of the tellurium, and extraction of the
polonium with a 20 percent soiution of tributyl phosphate in dibutyl
ether, Aliquets of this polonium solution were evaporated onto platinum
disks for fellowiné'the alph_a“dee.ay° |

After a short growth period, tne Bi?05 electron capture daughterrof
P0205,was separated chenically from aligquots Qf the polenium solution,

The procedure used here’ was to.wash the bismuth out of the organic phase

with’dilute hydrochloric acid,A The decay of samples made in this nay

 was followed in the Gelger counters.

In order to determine the chemlcal yield, an aliquot (about 10 OOOtyh)

of purlfled RaE tracer was added to the organlc phase before the bismuth

*. was separated. Then the amount of RaE that was extracted along with the

other bismutn act1v1t1es was taken as a measure of the chemical yleld.

Thls tracer blsmuth was separated from its parent RaD by the
*ollow1ng procedure. A few mllllgrams of Pb(N03)2 were added to the RaD
in hydrochloric acid solution. --Lead sulfate was precipitated with a slight

excess of‘dilute snlfuric acid, thus carrying down the RaD. Whenever tracer

bismuth was needed, the lead sulfate was dissolved in a minimum amount

of concentrated sulfuric acid 'reprecipitated by diluting with water and
the supernatant was transferred to a clean centrifuge cone. To this solu-
tion of RaE and RaF a few drops. of concentrated hydrochlorlc acid was

added to make apprpxnmately 6_§'Cl‘° The RaF was then extracted avay with

~the tributyl phosphate solutien,.leaving purified RaE tracer in solution.



=8

III. CALCULATION OF RESULTS

A.portion of the isotope table in the region oflinterest is shown

below:
14209 24210 211,212
5,50 8.3h  7.5h 0.253s
95%EC  EC 60%EC  «a
5%a(5.65) 40%a(5.89)
Po205 P06 poR07  po208  poR09  poRl0  poRll
1.5h 93 5.,7h 2,93 y ~200y 1384 5x10=3s
EC EC. B ., «(5.10) EC a(5.30) a(7.43)
a(5.21) a(5.21) a(5.10) a(4.86) |

3205 {3206 pi207 ;208 5209
14.54 6,44~ _10-100y long  stable

"EC  EC EC EC

The notation used in the following equgtiohs is summarized:
A = counts per minute of At?%7 alpha activity
=.counts.per;minute‘of_A£211 alpha aétivity

= coﬁnts:pér minute of Po?0? alphé activity

210

counts per minute of Po alpha activity

205

= counts per minute of Bi geiger activity

U9 o= O o w
o

= disintegrations per minute of AtZQQfalpha activity

S'= diéintegrétions per minute of_At210 geiger activity
T = diéintegratiohs pervmihute‘éf P0205 geiger écti?ity~
r = deééy>constant of 4£207

m = de¢ay coﬁstant 6f\At210v
n . deééy‘conétant of ARl

o = decay constant of'Pozos



p = decay constant_of Po?10
q-= aecay constant of BiZ05
‘H = ratio of alphé disintegration rate of At209 to disintegration
rate of Atzll |
I-= ratlo of alpha disintegration rate of At209 to dlSlntegratlon
rate of 4t?10
= difference Eetween total alpha activity and that aue to PoR10
= total counts per minute of alpha éctivitieé

= chemical yield N

= branching ratio

it

J

K

v

W = growth factor
. :

Y

counting efficiency of B1205

to = time of separation from target
tm = time of separatibn of daughfér activity
47 = time of counting alpha activity of 4t209
fg = time of counting geiger activity of B1205
ty = time of”countlng alpha activity of Po210
ty, = time of counting alpha activity of Po?05
;w; | _ "‘ | , A, Counting EfflClency of B1 05
L | The countlng efficiency Y (counts per dlslntegratlon) of 31205 can

be expressed as:

g=Bty) a-r 1 | ()

° o

R(to) q . gTi2 . b2
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E(tp) can be measured experimentally by following tﬁe geiger decéy of
the extremely intense samples (about 1,000,000 geiger counts per minute)
until pure Bi05 is obtained,

To find R(té) it is first necessary to determine the ratio of thel
alpha disintegratign rate of A£2Q9 to the disintegration rate of At211,
H. Thig is done by counting éamples of approximately lOOQ alpha counts
per minute.in the alpha pulsé analyzer, The ratio of £he total number
of counts uﬁder the 4t209 peak‘(ﬁ.éé Mev) to that under the AR peék
(5.89 Mev) when multiplied by 2/5 gives H, .(The factor of 2/5 is to také
into“accouﬁt the L0 percent electron capture branching of 4t2M to give
the 5 x 10*‘? second Po?ll alpha erﬁ'itting daughter,) This is multiplied
by the factor eln - r)At,'to correct to various times,

Thevnext step in finding R(%y) is to find I, the ratio of the alpha
disintegrétion rate of 4209 to the disintegration ?ate of At210, using
the ratio'HAjuét determined, For this purpose the éipha decay of the
more intensé samples of about 100,000 alpha counts pef minute was follbwed
until pure:fozlo was obtained; thus, D(t3) was‘fOuna; At some time, t3,
before the‘astatiné gctivities had decayed away, the difference between
the total alpha counting’rafe; K(t1), and that.due toiPozlq,D(tl) (Fhe
rate of'pQéé Po?10, D(t3), corrected to time 1) gives the sum of ﬁhe
alpha coiﬁ;t's from At?%9 and 4t211, From this difference, J, and the

ratio H, the alpha activity of At209, A, can be determined as

CaGhy) - B v o) (2)
: 1+ H('b]_)
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The desired ratio, I, then becomes

_ A(tl) 1 ' ' ' ~.
| 1(t) 10,52 S(%7) 3

where A(t1) is given by equation (2), and 0,52 is the counting efficiency

of these alpha particles. Furthermore 1/S(ty) is given by

1 = P . 0.52 . e...m‘t,l - emptl (4)
s(to) P-m ' B(d) |

Now correcting A(t1) to time t, by multiplying equation (2) by the factor

ert, and substituting equation (4) and (2) into equation (3), the ratio

I(ty) becomes

~ . - emmtl o e~ptl
I(tg) - BL) = J8) | oty | P e (5)
1+ H(%y) P-m D(t1)

This is multiplied by the factor el = T)At to correct to various times.

Finally the disintegration rate R(t,) becomes

p=m D) _ o
0,52 P e'-mtB - e"‘ptB ’

R(to) = I(to) ° S(to) = I(to) -
where to now refers to the very intense samples. The counting efficilency,
Y, is then found by substituting equation (6) into equation (1):

oo Bt2) _a=T 0,52p &ML P )
e-rt2 . ¢=at2 a p-m D(t3) o I(te)

" The déta are surmarized in Tables I, II, and III, which give the
ratio H(0), the ratio I(0), and the counting efficiency Y, respectively.

The counfing efficiency corrected for the geometry of the counting
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arrangement.ié_givén in the last column of Table III, The Geiger tubes
used werélof»the end window type filled with 33 + Sbcm of argon containm
ing 1eés:théﬁvlvpercent chlorine ("Amperex")o The thickneés of the mica
windows was. /um s for tubes number A?lOAB and 219OB regpectively.,
Tubeugumber_A2104B and scaler E were used in run 1, and tube number 2190B
and scaler 12 were used in run 2, ‘These tubes were mounted in the standard
lucite éémpiéHholders, the whole assembly being placed in a lead housing,
The platlnum plates were supported on the shelves by 1 mm thlck cardboard ,
The tlme t 0 was taken as 10335 on November 15, 1950 for run 1, and

s 8 30 on, July 13, 1951 for run 2,

Table I

Run Sémpie. A (counts) B (counts) Hours after 1(0)

t =0
1 Al 340 1625 12,40 0.1269
| . 330 | 1713 12,67 0,1180
340 . 2021 13,12 0,1046
CAte5 407 L2241 1492 - 0.0915
' 419 2816 1517 0.0992
413 2591 15.50 S 0,107
M-8 272 5589 51,56 01117

' Average 0,112 £ 0,012

2 At-9 . 1316 6633 6427 0,0980
i e 8160 16,52 ~ 0.1004
-Aimil: 1901 14073 15,2 0,0900

Average(weighted) 0,095 # 0,005




~13-

Table II

Ran  Sample D(t3)  tg (hrs) K(ty) ty (hrs) I(0)
- (average)
i At-1 6,91 4643 593 12,1 0.0617"
At-2 1223 102.6 65,893  15.8 0.0597
21,995  27.2 0.0554
10,435 36,1 0.0566
3,152 51.8 0.0511
At-7 1620 427.5. 52,892 19.4 0,069
' 32,901 24.9 0.0659
2,158 = 69,6 0.0552
1,836 88,2 0.0624
Average - 0.0597 + 0.0090
z A<l 1194 2397 40,997  0.53%  0.0753
o 22,06, 5,90 00675
7,306 17,28 0,0651
At=6".  408.3 235.3 84,022 3,97 0,0756
38,917  12.25  0,0764 ’
8,786 27.52 0,069

Average

0.0716 + 0.0059




Table IIT

Run Sample Shelf D(t3) &g (hrs) E(t,) t5 (hrs) ¥x103 Y/
. (average) , geometry

1 A6 -3 18,537 459.9  19.8 + 0.4 292.4 2,62 + 0.40  0.05

2 © 4he2 + 0.6 316,6 6,13 + 0.93  0.05
2 At=2 3 25,258 4816  17.1% 0.2 719.1  3.02 + 0,25  0.06
2 ’ . 39,1 + 0.9 6,92 + 0,59 0,06
B=5 3 9,978 479.9 5.2 + 0.8 71704 2,51 + 044 0,05
2

l20.2 i 065 50!93’ i 0092 .0505

"B, Branchinngatio of Po207
The branching ratio of P0205, X, can be expressed as the ratio of

partial alpha decay constant to the partial electron capture decay con-

stant, or as the ratio of the corresponding disintegration rates:

x=0 =S, 1 S (8)
Coope 052 TTE) —

Now the.alpha activity of Po?05 was found by resolving the alpha_
decay éurvé'of‘the polonium sample80\ Alpha-pulse analysis showed a peak
at. 5,2" Mev (P0205 and P0206) and a possible small peak at 5,1 (P0207)
However, 1t was 1mposs1ble to resolve the gross alpha decay curve to show

a s1gn1flcant amount of the 5,7 hour PoR07 in addltlon to the 1,5 hour

205 So theoret:cal decay curves were constructed for varying percen-

tages o: the 1.5 hour Po205 in with the 9 day PoR06 activity at
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‘resolution of the decay curve of sample Bi~2 into the long lived B

t

1,67 hours after ‘the separation of the polonium. These were compared

_ with the experimental points and the best fit obtained was chosen to

determine the activity of P0205,'G° Figure I shows the theoretical
curves and the experimental points for sample Po-l,

~ The electron capture disintegration rate T(t,), was f¢und by

following the geiger decay of fhe sepérated bismuth electron capture

- daughter and resolving out the 14.5 day component, Figure II shows the

1207,
1.5 day Bigo5, and 6,4 day B1R06,

Equation (8) now becomes:

x = %), 9 X otz _ ott2|, " (9)
0,52 g -o E(t)vu

or, since o >>.4q,

x=S) L3 . | (10)
C0.52 o E(t )W

The quantity E(to)VW in equation (9) is the corrected Bi20% activity

taking into accéunt the chemical yield and the growth factor, The chemi-
cal yieid, V, was determined by counting the alpha activity of RaF grown
frbm-the tracer RaE:introduced into the polonium sample, The ratio of
this alpha activity to that‘from.an equal aligquot of bure RaE tracer

was then taken as the chemical yield. The reciprocal of the chemical-
yield is V. The growth factor, W, is to make allowance for the fact that
not all of the PoR05 had decayed at the time tp, that the chemical separé—
tion was made. If all the Po?0% had decayed, the Bi205 activity at the

/
time of separation, F(t'y) would be expréssed as: '
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E(tiy) = Yq _T_(f'.?l[—-e"qt'm] . (11)
qg=o0 :
Actually the activity at this time is

S

B(tm) = Ya (%) [e—btm - e—qtm] calttn- ), (12)
—— | | .

The ratio of these two numbers is W:

>

o E(E) 1

— _, (13)
E(tn) 1-el@-0)tm

The data'areISUmmarized in tables IV and V which give the initial

| alpha activity of P0205, C(tg), and branching rafio, X, respectively.

The activities C(ﬁo)»and E(tp) are the corrected activities including
the aliquot factor shown., In all cases the same counting arrangements

were used as in the counting efficiency experiments.

T@ble v
Sample = Aliquot %, (hrs) C(ty) ¢(to)
Po-l = 50/1000  1.67 18314 194 79,200
Po-2  50/1000 1.7 1360 + 185 58,800

Po~3 50/1000 1,67 . 2250 4 200 92,250

Average - 76,750 + 11,970
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Table V

Sample Aliguot

Shelf

E(t,) by W

D(ty) D(ty) V X

Bi-1  200/1000
'Bi-2  200/1000

Bi~3 200,/1000

2

o

2

3250 £300 4ols 1,175
3000 + 400 4,75 l.l2y
3200 + 350 5.8 1,073

Average

218
209

191

262

262

262

1.205 .00073
1,255 400079
1.375 .00071

L0007,
+ .00016

IvV. CONCLUSION

The branching ratio of Pozosljusf determined corresponds to a

partial alpha half-1ife of 0,23 + 0,05 years. The alpha particle energy

is 5,21 + 0,10 Mev,® Using the Gamow formula, values of the alpha half-

life were calculated for various values of the nuclear radius and alpha

energy. These Wére plotted in Figﬁfe_III..j

It can be.seen from the intersectioﬁ of the lines representing the

best values of the'alpha half-life and the alpha energy that the radius

is about 2 percentlsmaller than the normal nuclear radius. This is

assuming that the decay is not hihdered, An alternative explanation is

that the radius_is normal and that the decay is hindered by a factor of

two, However, the limits of error (shown by the dotted lines) are such

that possible deviations from the normal radius are + 2 percent and

- 6,5 percent., Similarly, assuming & normal radius, the decay could be

superallowed by a factor of 1.8 or hindered by a factor of 11,
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Now the two other evén-odd polonium isotopes for which the alpha
halfeliveé have beeh compared with . the theory are P03 and P6215° The
halfnlives'of.these isotopes agree with the calculated values, indicating
a nor@gl.rqdiuggand no hindrance., Thus it appears reasonable in the casé
of'P0205 to #ssume the alpha decay is not hindered and that the radius
is shrunken by about é percent'éf the normal valﬁe° This'amount is
in line with that of the polonium isotopes 218 through 214 and can be
interpreted as the effect ofvthe 82 proton shell, The 126 neutron shell

would then bé without effect on the nﬁclear radius,
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