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RaD is purified from solu%ion by electrolysis at various csrrenk

densities, and a procedure is described for extracting PO sources on H elec- o

“modes. h measuring the strength of’the sources, difficulty was encountered

with non-linearity of the microanrsetorof an integrating ionization chwnber3

and the uwt.hodof calibrating this in several.degrees of sensitivity is des- 1

cribed in detail.

UNC1A5SIFIEI)
— — — —

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



., -...+-.

MD ?URJFICATION, PO PREPARATION,AND (MLIERATI:MIon M!!lASURINGAPPA.RA’IVJS

I. Purification of RaD ar’dPreparation of Po Sources.

Iiarniltcm in

extract the

~~e S,jlutionof RaD, Ra~ CUI~ Ra~ (Po) obtained from Or. ~. G.

Berkeley contained considerable impurity, and it was deoided ‘co

kD fr~ these impurities and thus have Q clean source of PGo The

received contained 350t25 millicuries of Po and 500t25 milli-solution as

curies of RaD. The mc:thodused to extraot the Railfrom the solution was thtit

used by 0. Erbacher and K. Phillip, Zeitschrift “furF’hysik,Vol. 51, Paso 309t

The procedure they used aonsisted of electroplating the RaD from 1.OY

~?ov on to platinum ele~:trodeswith a current density of 3 x 10°3 aiipseper cm2
G*

at eaoh lelectr:)de~dissolving the RaD of’fand replating at 3 x 104 amps/om2.

This gave

platinuma

“the fi~s-c

thema pure sotution of RaD whoa the activity was dissolved from the

The first operations done on the original ‘solutionare outlined in

+able at the end of this report.

The results obtained in the first successful plating of RQD differed

on the anode and he

accounted for by the

?rom those of !lrbacherin that we obtained all the RaD

found some 67;~of the Railon the cut!)odeo This oan be

tact that our solution was partially purified byan anrnoniumhydroxide precipi-

tation and one gets anodic deposition of Pb when the solution is relatively

-1~ esm. .Wbacher got arirdicdeposition on his second electrolysis.

‘Therecovery o~ the RaD in the first electrolysis had better than a

9$.).5$ Yieldo This exc~l,@t recovery was due to the fact that there vms 190

nu$.of Pb carrier in the solution. Dr. Hamilton believed that the sample con-

tained no Pb carrier but the history of the solution is so unoertain that it

Qws not surprisin~ to find the ;;reser.ceor this added Pb.
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‘NM Pb02 samples from tinemodes wore

500Z25 mc. of RaD and 130 no. of Po.

combined and assayed. They

The remainder of the Po had

plated out on the cathode

mc. of !?aDs.nd130 nc. of

5 x 10-6 amp~a per ~m2 it

during the plating operations, The solution of 500

Po was called 1-R. By reducing.the ourrent t~

was possible to plate the Po out of 1-B and not the

Pb. This was done in 1.ON HN03 and over 90~ of the Po was remowd on the two

electrodes from 1-B leaving all of the Pb in solution. Af%er this operation

2the Pb was plated from 1-B with a current density of 2 x 10-3 amps. per cm .

The yield.W~S 99%. The Pbo2 was dissolved from the anodes with dilute ai~ric

aoid and peroxide solution. The Pb(X03)2 ob”~~ined(containing about 5~0 VICO

of RnD) v.’asthen converted to the ohloride with concentrated HC1, finally

evaporated to dryness and put aside to allow %ho Po to grow. The po which was

“notin 1-B wus plated from a separate solution and at present is on platinum

floilswhich are in use.

The Po which grows from the 500 mc. of RaD will be extracted as needed

‘byusing a hydrogon cell with a platinum electrode. When platinum is ravolved

in :3O.lN HC1 solution of RaD and a stream of H2 passed o’~erit the pO plated OU~

onto the platinum leaving the RaD in solution. The obvious

method is no reagents or impurities fire introduced into the

periodic exixucticn of Po is possible without contamination

liO Calibration of Heasuring Apparatus.-—

advantage to this

RaD solution so

of the sourco,

The me>~suringapparatus used for this work consisted of a Lauri’csen

electroscope and em alpha-integratingmachine which was

and his group. The alpha-measuring apparatus

with guard ring i?’,whioh the total ionization

designed and tuilt by

is a large plane

current of the Po

~
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e.lDhasis collected. A D-C amplifier and a d. CIY)aJUI@X?r measure the current.

IYh.~S m~chi~~ has five sensitivities on its ranging from 0.54 x 309 disir.te,j-ratioY:+

per minute pm division on the r.icrommeter to 0.375 x 105 disicte$rations per

mirluteper division. F~ch sensitivity is approximately & faCtOr Of ten 10SS

‘~!lantineprecedin~ one. Appropriate sa.mplosof Po were c~unted on Dr. Sogre’s

domultiplier and then put into the alpha machine. In this way sansitivi~ies

~!and 5 were calibrated. It was noted that the microa~meter was not Iineur

over its range of from O to 100. in order to get a plot of this non-linearity

of the meter several samples of Po rangin~ around 10 divisions on step 5 wero

put into the machine and the dei’lect~onof the meter from each sam~:lecarefully

“d.re.1 Then, by oombining these samples in vnrious combinations, readings could

be obt~ined over the full scale OE step 5. It was found th%t the value obtained

by addin~ the individual deflections of the ss.mplesnurnericnllydi~fered from the

one obizined collectively on the nxiokine. The swno thing was done on step 4

[Sensitivitywith ttiesaae results. The data are shown in tables 4 und 5. A plot

of these data are shown in fi$ure 16 The experimental points are not ~iven but

the ourve is the avera:e of’these points. \’Jhenth~.scurve was used, and the Po

camples which had been ccmnted on the demultiplier were a~ain put into the machine:

correct factors were obtained for steps 4 and 5 wh.iehwere consistent throughout

the ran~o of the nicroamrneter.Xhen thcso two R+;OpS were calibrated the next

thing was the calibration of the Iauritsen eleotrosoope~ TO accomplish this a

radioactive equilibrium source of RaD, Ra3 and RaF (Po) was needed. Dr. Segre

had pfirtof an old Radon p.jmpsystem which had linensealed $:bout6 ye>rs, so

contained within this was an equilibrium of RaD, RwE and

was made of soft glass and was in the form of fxo bulbs,

RaF. ‘l’hiscoztaine~

each about ~,~ inches
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in ciiamet,erand oonnected together b.ya

mid the appearance of a sr,alldumbbell.

hammer and assumed that each individual

short glass tuba.-‘The””’wiolethir.g

We broke one of the bulbs with &

chip of’glzI.sswould have the required

ecyilibriutnmixture on it, but when several of theSe ohips were put into the

alpha machine and then under the electroscope it ~wLs found that the ratic of

tinealpha and beta counts were not consistent. (Dr. Segre.was informed re-

cently by F’aneththat he hae observed the same phenomenonalthough it does

not e.ppee.rin the literature.) It was then decided to dissolve the activity

I’romthe other bulb as a whole since it is u.nrcxasonable,to believe ariequili-

brium diclnot exist in half of the container.

‘&e buib with hot HN030 The solution obtaine?

in equilibrium. This was done bymountin~ two

The activity was removed f’rorn

was then counted to sce ii’it wss

samples on mica and countin,gthe

alpha particles on a ,linearamplifier

It was found that the solution was in

solution were r.ountedon platinum and

and the beta particles on a Geiger counterti

equilibrium. Several saiiiplesfrom this

counted on both the alpha-integrator and

alectroscope~ The data are given in table 6. The avers~e of fourteen of’these

s~~iples gives a value of 11.42 5y~microouries of RQE per division per second

orithe electroscope.

With these two calibrated machines it was very simple to follow the

e.lphaanclbeta activity of the Rai)solution thst was purif’ied. The alphas of

coti~se nre emitted by the l% and the betas by the RaE. ‘I’hebetn particles from.

RaD

the

has

are so soft thtitit is impossible to measure them so they do not enter into%.

Ecti\ritymeasurements at all. Wch RaR sauple that is measured, however:

to be followed for several days to see whether it Grows or decays in order

to know where the RaD is.

‘Me calibr~tion of stops 1, 2 and 3 on the alpha machine wore sinply

done by rne~suringtwo or three samples which gave a large deflection on step 4
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then ch~ungingthe machine to step 3 rindtakir~ga reading. After step ;;was

~~~.~iibratedyou do t,hesame from step 3 to step 2 and then from step 2 to step 1.,>

l,tis not k~oWA Whether the muchin~ lvillfunction properly over the entire

run~e oi’the

large enough

microammetcr on step 1 because titpresent we do not nave samples

that have been nccuratoly gounted. Also there is some doubt as

to whether in this high-activity range the current will stay in the same

p~”oportionto the activity as in the lower ranges. The machine is CoodS

however, up through step 2 nnd the first 10 divisions on step 1.> Following

ure tineftictorsfor the five steps obtained as desaribod aboveo

Sensitivity Step.—.

1

2

3

Disintegrations per minute
per division on microamme%er———

005’40x 109

00500 x 10*

0.425 x 107

5 0.375 x 105
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Iieadings
!’Yomhhhine—.

~d~,,()

20a,5
28.,0
38., 5
M,, 5
61‘25
63* 5
69.0
76,5
79.5
86s0
92,5

Readings
?rom Uachine———

20.0
28.0
39.5
48+()
59*()
72.0
84.0
99.5

Rumerical Addition
of Samples

14.0
20.5
27.5
37.!3
47.0
58.0
6000
65.0
71.5
74.0
80.0
84.5

TABLg 5 NON-LINEARITY 0? STEP 4

~Jumeric&lAddition

of Samples

20.0
28.0
38.0
46*O
56a0
66.5
76●O
!31.0

Difference

O.G
O*G
O*5
1.(3
~e~

305
3.5
4-G
5.0
5.5
6.0
8.aC

Difference

0.0
0.0
1.5
200
3.0
5.5
8.0
8.5
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