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ABSTRACT

ReD is purified from solution by electrolysis at various current
densities, and a procedure is described for extracting Po sources on Pt elec~:
itrodes. In measuring the strength of the sources, difficulty was enccuntered
with non~linearity of the microammeter of an integratinz ionization chamber,
end the method of calibrating this in éeveral dezress of sensitivity is des-

cribed in detail.
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KeD PURIFICATION, Po PREPARATION, AND CALIBRATINN OF MEASURING APPARATUS

I. Purification of RaD ard Preparation of Po Sourcese.

The s-lution of RaeD, Rak end RaF (Po) obtained from Dr. J. G.
Homilton in Berkeley contained considerable impurity, and it was decided %o
extract the RaD {rom these impurities and thus have a clean source of Po. The
solution as received contained 350% 25 millicuries of Po end 500% 25 milli=
curies of RaD. The method used to extract the RaD from the solution was thut

used by 0. Erbacher and K. Phillip, Zeitschrift fur Physik, Vol. Bl, page 309,

The procedure they used consisted of electropleting the Rab from 1.0%
HNO, on to platinum electrodes with a current density of 3 x 10=% amps. per cem?
a% each 2lectrude, dissolving the ReD off and replating st 3 x 10°% amps/ou?.
This gave them a pure solution of ReD when the activity was dissolved from the
platinum, The first operations done on the orizinal solution ara outlined in
"the firs+t table at the end of this reports.

The results obtzined in the first successful pleting of Ral differed
from those of Brbachar in that we obtuined all the RaD on the anode and he
founc soue 67% of the RaD on the cuthode. This can be accounted for by the
fact that our solution was partially purified by an armonium hydroxide precipie-
tation ard one zets snodic deposition of Fb when the solution is rulatively
clean. Erbacher got ancdic deposition on his second electrolysiss

the rccovery of the RaD in the first electrolysis had better than a
99.5% yield., This excellant recovery was due to the faot that there was 190
mg. of Pb carrier in the solution. Dr, Hamilton bolieved that the sample con-
tained no Pb carrier but the history of the solution is so uncertain that it

was not surprising to find the ;resence of this added Pb.
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The FbO, samples from the enodes were combined and assayed. They

e

sontained 500X 25 me. of RaD and 130 me. of Po. The remainder of the Po had
plated out on the cathode during the plating operations. Ths solution of 500
meo of ReD and 130 me¢. of Po wans called 1l-B. By reducing the current to
5 x 1076 amps. per em? it was possible to plete the Po out of 1-B and not the
Pb. This was done in 1.0N HNOz and over 90% of the Po was removad on the two
electrodes from 1-B leaving all of the Pb in solution. Af{ter this operation
the Pb was plated from 1-B with a current density of 2 =x 105 amps. per cn®,
The yield was 99%. The PbO, was dissolved from the anddes with dilute aitrie
acidé and peroxide solution. The Pb(¥03;)y obteined (containing about 500 mc.
o7 RaD) was then converted to the chloride with concentrated HCl, finally
evaporated to dryness and put aside to allow the Po to grow. The Po which was
a0t in 1-B wus pleted from a separate solution and at pregent is on platinum
foils which are in useo

The Po which grows from the 500 mc. of RaD will be extracted as needed
by using a hydrogen cell with & platinum electrode. When platinum is rsvolved
in a O.1N HCl solution of RaD and a stream of Hy passed over it the Po plated out
onio the platinum leaving the RaD in solution. The obvious advantage to this
method is no reagents or impurities are introduced into the RaD solution so

periodie extiraction of Po is possible without contamination of the source,

Il. Calibration of Measuring Apparatus.

The meusuring apparatus used for this work consisted of a Lauritsen
electroscope and sn alpha-intezrating machine which was designed and tuilt by
Ur. Sezre and his group. The aloha-mecasuring apparstus is a larzge plane

sondenser with guard ring in which the total ienization current of the Po
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e2lphes is collected. A D-C amplifier and a microarmeter measure the current.

wBe

This machine has f'ive sensitivities on its ranging from 0.54 x 10° disirtesration~
ver minute per division on the microammeter to 0.375 x 105 disintegrations per
minute per division. Each sensitivity is epproximately e factor of ten less

than the precedinj ons. Appropriets samplos of Po were c;hnted on Ur. Segre's
domultiplier and then put into the alpha machine. In this way sensitivities

4 and 5 were carlibrated. It was noted that the microammeter was not lineur

over its range of from O to 100. 1In order to yet s plot of this nmon-linearity

of the m:ter several samples of Po ranging around 10 divisions on step § wera

put into the machine and the deflection of the meter from each samyle carefully
read. Then, by ocombining these samples in various combinatiouns, readings could
be obtained over the full scale on step 5. 1t was found thut the value obtained
by adding the indiviéual deflections of the samples numsrically differed from the
one obtuined collectively on the maciine. The same thinz wus done on step 4
sensitivity with the same resultis. The date are shown in taobles 4 snd 5. A plot
of these data are shown in figure 1. The experimental points are not ziven but
the curve is the averajge of these points. Whon this curve was used, and the Po
carples which had been counted on the demultiplier were again put into the machine.
correct facltors were obtained for steps 4 snd 5 which were consistent throughout
the range of the microazmeter. When these two s%eps were calibrated the next
thing wus the calibration of the Lauritsen electroscope. To uccomplish this a
radiocactive equilibrium source of RaD, Raf and RaF (Po) was neededo Dr. Segre
had part of an old Badon pump system which had heen sealed «bout 6 years, so
contained within this was an eguilibrium of ReD, RuE and RaF. This coxntainer

vas rade of soft zlass und was in the form of two hulbs, euch about 1.5 inches
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. in diameter and comnected tozether by a short zlass tuhe. The whole thirg

nad the sppearance of a small dumbbell. We broke one of the bulbs with &

nammer and assumed that each individual chip of gless would heve the reguired
eouilibrium mixture on it, but when sevcral of thede chips were put into the
alpha wvachine and then under the electroscope it was found that the ratic of

the alphe. and beta counts were not comsistent. (Dr. Sezre was informed re-
cently by Paneth that he has observed the same phenomenon although it does

ot eppear in the literature.) It wes then decided to dissolve the activity
from the other bulb as a whole since it is urnreusonable to believe en equili-
brium did not exist in half of the conteainer. The activity was removed from

the bulb with hot HNOz. The solution obtained was then counted to sce if it was
in eguillbriume. This was done by mountinz two samples on mica and counting the
alpha particles on a linear amplifier and the bets particles on a Jdeiger counter.
It was found that the solution was in eguilibriume. Sevcral samples from this
solution were mounted on platinum and counted on both the alpha-integrator and
eglectroscope. The data are given in table 6. The averaze of fourteen of these
samples gives a value of 11.4Z% 5% miéroouries of RaE per division per second

on the electroscope.

With these wo calibrated machines it vwas very simple to follow the
elpha and beta activity of the RaD solutiocn thst was purified. The alphas of
ceurse are emitted by the Po and ths betas by the RaE. The beta particles from
RaD ere so soft that it is impossible to measure them so they do not enter int0'§j
the metivity measurements at all. Zuch RaR sariple that is measured, however,
has to be followed for sevsral days to see whether it zrows or decays in order
to know where the RaD is.

The calibration of steps 1, 2 and 3 on the alpha machine were simply

done by measuring two or three samples which zave s lurze deflection on step 4

v
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then chunzging the machine to step 3 and tuking a reading. After step U was

"'y &

sulibrated you do the same from step 3 to step 2 end then from step 2 %o step 1.
1t 1s not knowr whether the muchine will (unction properly over the en’ire
runze of the miproammetcr on step 1 because &t present we do not have sauples
large enough that have been accurately ocounted. Also there is some doubt as

to whether in this high-activity range the current will stay in the same
proportion to the activity as in the lower rarzes. The machine is good,
however, up throuzh step 2 and the first 10 divisions on step 1. Following

are the fuctors for the five steps obtuined as described above.

Disintegrationsg per minute

Sensitivity Step per division on microanmeter
1 0.540 x 10°
2 0,500 x 108
3 0.425 x 107
2 0.420 x 108
5 0.575 x 109
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TABLE I  UYSUCCESSFUI, PLATING OF URIGIHAL SOLUTION

300 ce dark green solution with white precipitate on bottom

Solution cont=ined RaD, E, F

ASv313d O 1'1dNd d04 d3N0HddV

0.1¥ HC1

0.5N HNOg

Large amount of Ni'*
Some Cu**

Probably Hg**

Plus many unknowns

Solution + Sup. on Risht

Decanted Precipitate

Evap. to thick green
past, would not evap.

up %0 200 cc. and 1.0 N in

solutions

Solution 1~A-B

further btecause Ni(N03)2.6H20
melts at 56°C. Put in vacuum
for 6 hrs. and dried. MNade

HNO3. Divided into two 100 cc.

+conc. HNO3
Digested 2 days
on steam bath

Supernatant | Precipitate

Added to evaporating

| solution on the left.
Contained 20% of acti-
vity originally in the
gresn soln.

Digasted again
in conc. HWO3Z
Supe}natant ]fpt.
2.97% of activity Dizested in Aqua
in orig. green Regia and put asids
soln. was put aside

Soluticn l«A-A

Set aside; purified leter
by the chemical procedure
shown in the next table.

Plated for 24 hrs. at 3 milliamps per 20 gg. cm.

Plated for 50 hrs. at 40 milliamps per 20 sq. om.

Plated for 22 hre. at 50 milliamps per 20 sg. cm.

Added Xs AgN®3 solution to remove chloride. This ppt. carried ne activity.

Plated 22 hrs. at 100 milliamps.per 20 sq. cm. _

Pleted 18 hrs ot 60 milliemps per 20 zq. cm. .

All the above plating did not remove any RaD so solution 1-A-4 hAd the

following chemistry done on it. Tests were run first on smell szmples.
(Sse Table 2)

-Bu

ASvV3aT13d O 119Nd d04 d3aNodddv
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TABLE 2 AMMONIUM HYDROXIDE PRECIPIT/ATIOH

100 cc. Solucion 1~A:&

+¥s GN NHaOH

Sot large slimy preeipitnte
Centrifuged, washed twice
with dilute KI4OH

[Supernatankt | Large Precipitatiggj
Dark blue, containing Pissolved in 5N HNO3
possibly Added Y& NH40H to
Cut++ ' 7 solution. Got largs
Nitt // ppt. again. Centrifuged,
Corr{ All as S wasghed twice.
Cd-*{ eammonia
Zn"g complex ions {Supernatant] ILarge Ppt»‘
AgT 0 L~
, Contrifuged again{////’, Dissolved in Xs
Centrifuged again S ) . SN HNO3. Bvap. to
‘ uperoatantl E@EQE_BEEJ drynoss. Made wup
[EBEEEﬁEEEBE_ﬂl 1Very small Ppt{l Evap. to dryness. Washed and to 100 cc. and
. N about 3 gms. dissolved in W in HNOZ.
Zvap. to Wéshed twice with SN HNC3z. Added When it was seen
drynoss. dilute NH4O0H. to large dis- that this sol'n
Residue weighed Dissolved in 5N solved precipi- plated nicely the
approx. 25 gms HNO and added to tate. other 100 cc. of
©  dissolved large soln. (1-A-A) rms
ppt. purified by the
same procedure.
{See Table 3).
From both scl'ns i
operation removed
some 65 gms of sali.:

ASvV3 134 O 119Nd d04 d3aNodddv
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TABLE & DATA ON PLATIXKG OF RaD

The veluss of the sctivities given below ere in divisions per second obtained on s Liwmri.ccn clactroscops of tha
RaE beta-particles. und wore measured on identical aliquots of the solutions after c¢wvaporsticn to dryness.

Solution l-A-A , Solution 1-A=B _ .
Hours Plated = Current Density Activity Hours Plated Current Densi ty Aotivity
Milliamps per cm div. per sec. Millismps per cm® div. per ssc.
hahadl 0 00995 habakad 0 10000
96 1 0.706 48 0.5 0.903
120 0.5 C.526 224 1.0 0,698
24 1.0 0.433 5 3.0 0.009
6 2.0 0.008 13 3.0 0.392 *»
18 3.0 0.006 0.25 3.0 0.251
7 3.0 0.008 6 3.0 0.057 ¥
Total 271 Total 96

* This aliquot wes taken after the anode had been removed from the solution and cleaned of FbOs. MNow if the
cathode had RaE on i%, it could have dissolved off when the current was interrupted because the cathode
was not removed from the solution.

This sample decayed with the five day half-life of RaE, indicating that no RaD was left in the solution.

-10- ' i i' |
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TABLE 4 KON-LINEARITY OF STEP §

Readings Mumerical Addition Differcnce
“rom Machine of Samples
14.0 14.0 0.0
20.5 20.5 0.0
28.0 27.5 0.5
38.5 37.5 1.0
43.5 47.0 1.5
61,5 58.0 365
63.5 60.0 3.8
69.0 65.0 4.0
7645 71.5 5.0
79+5 74.0 5.5
86.0 80.0 6.0
92.5 84.5 . 8.0
TABLE 5 NON-LINEARITY OF STEP 4
Readings Humerical Addition Difference
rrom Machine of Samples
20.0 20.0 0.0
28.0 28.0 0.0
39.5 38.0 1.5
48.0 46.0 2.0
59.0 56.0 3.0
72.0 66.5 5.5
84.0 76.0 8.0
99.5 91.0 805

|
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TABLE 8 CALLISUATION OF TAIRITSEI R

1 T X

o

~

Division on Sensitivity Step Division per second : Corrected Values Hicrocuries ¢
Sample alpha machinas of alph-+ machine on elesctroscope ! due to non-linearity! RaE per divici:

of alpha machine per second on

electroscops
91 46 5 0.0624 44,5 12.0
o-£-2 60 " 0.0871 57,0 11.1
9-C-3 33.5 " 0.0476 3350 - 11.7
9-G-4 16 " 0.0238 16.0 1.4
9-6-5 43 " 0,0601 41.8 11.8
9-7-1 83 " 0.1182 767 10,9
9-7-2 90 " 0.1272 82.4 11.0
9-7-3 85 " 0,1222 78.5 10.8
9-7=4 84 » 0.1202 77.7 10.9
2-7-5 58 " 0,085¢ 5502 11,0
9-7-6 63 " 0.0893 §9.8 11,7
11-22=1 26 4 0.421 26,0 11.8
ll-=22=-2. 15 " 0,245 15,0 11.8
11-22-3 8:8 " 0141 8,8 - 11.6

Ave.= 11.4% 5%

ASV3134 O I179Nd d04 d3aNOdddVY
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