
!" t ,. 

-j.. 
IJ 

! "'~.r 
0,.\ 
• 

• 
~ 

~ 
' ... 
ot 

:; 

~ 

1., . . , 
. ~ 

11' 

.' .. 

. ~ . 

UNCLASSIFIED ORNL- ~ 
PHYSICS_GENERAL 

CHEMISTRY DIVISION 

DESCRIPTIVE MANUAL OF RADIOISOTOPES PRODUCED BY 

NEUTRON BOMBARDMENT IN THE CLINTON PILE 

By 

R:T. OVEi.M~, l.. M. FRY., J.. W. JONES, 

W.O. ' BALDWIN, E. LAMB, J..E. SAVOLAINEN 

OAK RIDGE NATIONAL LABORATORY 
DIVISION OF 

CARBIDE AND CARBON CHEMICALS CORPORATION 

POSH OFFICE BOX P 

OAK RIDGE. TENNES~EE 

UNCLASSIFIED 



• 
I 

J 
'

,' 



-"'7 

..... 

, 
" , 

9. 
" . .j . • 

'1! 

(k 

;') , 

.-' 

~ ... 

"''': 

ORNL=' 

ru. 400ument oons:lat. 101 -page II 0 

Cop)' ~ 1. or 153 Serie. A", 
- -

OAl RIDGE ijATIOliAL LABORAT~RY 

(CoRtraot ».0 W~1'05Deng 26) 

o .. • • • • 

Chemistry III vi810n 

tea .. • • .. • 

~7cf.~ 

DJlSClUPTIVB IUBUAL OF RADIOISOTOPES PRODUCm BY 

NEUTRON BOMBARDUaiT III TIlE CLIITON PILE 

RQ To o....erma.n D L-~ It. Fryf) J o We JeD •• /} Eo Lamb!; 
Wo Do ~w1n!) .;I" Eo Savela1n_ 

o • .. * • .. 

April 5 9 19'8 

Dat .• Reoelved.a 6/23/48 natu lesuech J\UG 6 1948 

" .... 



A"1 

.. ' . . ... 

, 
. ' re< 

(;"1 

(I-

"'" 
.", 

• 

. DIS1'lUBOTION, 

1", G. T. Felbeok 
2 .. 706coA 
30 706 ... A 
4. 106 ""A 
5,. 706 .. B 
6 0 Biology Library 
70 ·Training School 

6=a,,, Central Fl1e8 . 
'SS.",a9o CentrSl Files 

4:0Q Eo J 0 Jdurphy 
41 .. E.. Bo Taylor 
420 .M... Do Petereon 
430 A. Mo Weinberg 
440 Ho £theringtoll 
450 J.. A~ Cox 
46e W" A.. Johnson 
470 Jo Ro liufODm, 
460 A.. B.ollaender 
490 Ceo D .. Cagle 
500 . So ROo Sapirie 
510 Ho )4~ Roth 
52" 14.. EO' Ramaey 
530 O .. ~I. Shepard 
54<\< Ro A. .Bolomey 
55.!> At £.I.. Oongtn' 
560 W.. A. Arnolda 
570 Jo L ltyma 
580 Do So .Anthony 
59 .. HO' fto F e1d.mn 
60" Go Eo Boyd 
61 .. B.. Ho Kotells 

62t5' 
630 
64. 
650 
660 
610 
a80 
690 
70" 
710 

12",,790 
800 

81 ... 82~ 
830 

84 ... 91 .. 
92=950 
96-990 
=100 0 

101=1040 
105 ... 1090 

1100 
111=1130 
114",,1150 
116~117 " 

118 .. 
119" 

120-1210 
122" 

123-1370 
1380 

139",1430 

Go Ho JI9Ilks 
1.. So b)hltnoy 
A. F. Rupp 
C" Eo YJ1ntera 
10 Way 
Po Levy 
No !lIo Sbaplre 
Eo 0" Wellaa 
it.. l' 0 Overman 
AECl) omit. 

lIil. 

ORlJL.,..4 
Phyaice<=>General 

.Argonne No.tional Labors tory 

.Armed Forces Special V'ieapons . .Projeot 
Atomic Energy CODII.I'i1 aSionl) ~faahlngton 
Battelle Memorial Institute 
Brookhaven National Labore.tory 
Carbide' Carbon Chemicals Corpo(K=25 Are~) 
Carbide &: Carbon Chanipala Corp., (Y=12 Are!':'!) 
Columbia Univerdty (Dunning) 
General Electrio Company 
Hanford Directed Operations 
Iovia State College 
loa Alam.Js 
Monsanto Chemical Company, Dayton 
National Bureau of Standards 
Navel Radiologioal DefensG Labs" 
NEPA 
New Yo~k Direoted Operation; 
Patent AdVisor f)W8.shington 
teo!m.tul Information Div1810nv ORDO 
UCLA. _dieal Res$f.U'ch Laboratory (Warren) 
University of Oaliforn~aD Radiation Labse 

144 ... 145" University of Rochester. 
146=1530 Ro To Ove~ 



-"'1 

I' 

... 

~. 

/ 
-/ 

\. 
. ~I'*'J 

,II. 

~ 

" 

2, 

ABSTRACT 

A manual of radioactivities that can be produced in the Clinton 

Nuclear Reactor has been started? This informution includes the following: 

Target material, Source of material.ll ,\'eight in standard shipping unit II the 

spoctrographic analy8is~ the irradiation length and the flux to which it 

was subjected, a flow sheet of a purificatj,on process, the amount of activity 

fou.nd in the material, a.bsorption and decay curves oft.he radioactivity ob-

served$' the yield in mc/f!JII.!30 day bombardment at 50% maximum flu .. "t,l the cross 

oe<'tions and the (fir and a discussion ~f the non-routine errors in the 

dete!'m.ination" The foregoing data are eiven fOl" S, p~ Ca, Se'3 Ti.ll Fejl COli 

Ni» So, Ag Sl Inp CdJ) Sb, Eus Ta~ WI! Os" ThSl BL It is hoped that this work 

will be extended ana the manual amplified o 
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A. Introduction 

The Chemistry and Operatlug Departments set up a Joint program to 

obtain specif'ic data on radioisotopes produced in the pile. trus program was 

origina1l7 set up to cover all of' the long-lived isotopes produced in the pile and 

then to be extended to 88 ma.ny1sotopes as possible. Wi tb the departure of the 

pera~nnel involved it has not been possible to cover more than 19 radl01sotopeso 

It 1s hoped that this york will continue 0 

B. Purpose 

The previous work of' Sarenl and his group at Chicago was a rapid. 

1. Seren, L., Friedlander, Bd lV., and Turkel, S. R., CP-2376 (1944) 

survey of' cross sectl01l8. Many of' these measurements vere made in the thermal 

eolUI1lJl of the Chicago pile but some were made in the pile itself. Their pro-

cedure was to activate the target material and spr1nlt1e some of the powder on 

scotch tape and coUnt it in a beta counter. They obta1netl the flux by one of 

several types of monitors. The accuracy of the cross sections which they measured 

vas 11m1tedto lO-2~ in most cases according to their report, but in their 

discussion of' the errors in their determinations they listed the following limits 

for the various cQDlponents in their measurements: 

Conversion coefficients up to l~ 

Extrapolation to zero absorber l';f/J 

'J1, Counting of gamma. rays 

Geometry of' beta counters 4~ 

Geiger counter plateaus 2% 
Ra.-Be standard pile calibrations 1'-" 
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MODitors 

Weighing samples 

lIalf' life 

l~ 

l~ 
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These factors, coupled with the uusatistactoZ7 knowledge of the 

flux of the Clinton pile and partiCularly witb the variation of flux from one 

positlon to another made it seem desirable to look: into the matter here at 

6" 

Oak Bidge Bational Laboratory, in some detail. This vas particularly impOrtant 

in, that the Isotope Distribution program vas in vital need of'more precise data 

on the materiala that vere being shipped out by the Atomic Energy Commissiono 

It W88 felt that, with the revised techniques that have been vor:k:sd out in 

cooperation with other members of the group of Radiochemical Measurements and 

StandardIzation, JII8llY of the errors could be, materially redu,cedo 

It vas hoped, 88 a result of thts study, that: 

(1) The yield values in the isotope catalog2 could be revised 
~ 

(2) ABC Catalog' and Price List No.2 Bsdir;.isotopest Revised September 194"('. 

wi th DiOre accurate information; 

(2) Gross impurIties of the target materials could be identified 

and measured; 

(3) Decay and absorption graphs of pure activities could be prepared 

tor referen~e purposes; 

(~) A practical method for measuring the total neutron exposure of 

Samples could be developed; 

(5)' The radiation hazard in handling isotopes being removed from the 

pile could be measured.' Thls objective vas to be carried out by the Operating 

Department; 
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(6) Cbamical separatiaa processes could be developed by which 

the isotope purcbasers could pur1f)' the mater1al~ 

C. ~edurel! 

7", 

The general. pl'OCedure in the preparation of the sample was as follows: 

The target material. vas obtained tram. B. E. Bedell ot the Operating Division .. 

Duplicate samples ot each t8r8~t material vere weighed into two aluminum 

striDge!' cans and a monitor clip attached to each by the Chemistry Di visioDo 

The samples were returned to the Operat~ Division for irradiatiOD In the pile. 

After a period of' time, approximately the irradlatiOD. time listed in· 

the catalog, the samples we~e . removed. One of the duplicates vas brought to 

the Cb.em1str;y Dlv~S1on tor chemical separatioDs and measurements; the other was 

kept by the Operating Department tor measuring gross decay ctnd tor determining 

radiation hazards 0 The i-adiat1one .from the monitor clips vere meulU'ed in 

order to study the total neutl"OD exposure. This l~t-named work will.l be 

described briefly here; a more detailed and separate report 18 plamled later" 

It a known weight of a monitor material whose activaticn and dec~ 

characteristics are known is exposed in the pile with the sampl~, subsequent 

measurement of the monitor permits calculation of the total neutron exposure. 

'lor this work aluminum alloy clips have been prepared e~t.e1u1ng ~.5~ 

cobalt and O~21~ manganese. A cli:p can be attached to a stringer can or placed 

in the rabbit during irradiation.. The activity induced in the clip 1s measured 

-:r in an ion chamber3 calibrated for detecting gamma radiation, and. the average 

'( 
(3) Jones, J" 'II. and Overman, R. T •• Mon C-399 (1945) 

flux or neutron density for the exposure is ca.lcul:&ted from the cross-section, 

time of exposure, and deca.y l)efore maasurementc Manganese (half-life of 2059 

hours) i8 used to monitor short expos1J.res, that is, up to 18 hours. Cobalt 
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(half-life of 5.3 years) is used to monitor loDger exposures trca 18 hours to 

s1% months. 

I"~.be alloying vas performed by C. Smith of t,he Meta.llUl~tcal Section of 

the T&cht:J.cal Division, and the clips were prepared by M. B. Bawk:tne ;;I? the 

Beaearch Shops~ The clips cu be easily rElJloved tram. the cans after lrradia',.-tnn, 

wi thoui: d8JII8.gf'J to the can, and measured S81lU'ately ~ 

In thc~ first alloy prepared, some sodium vas inadvertently introduced 

in the alloy from the flu.::. In order to measure the pure coJ'lalt rtldiatlou, at 

lE'Jast five clays muat 'be a.llowed for the sodium to die out. It is hoped in the 

:f'Ilt1l.f'8 to prepal"8 the alley free of sodium. 

The totaJ. sample brought to the Chemistry Division was dissolved aDd 

decay BleA.8urem<tDts on a sm.a.ll portiOl'l of this gross samp.le were begw::a as soon 

£1$ possible after remo'i'a.l from the pile in order to find short-lived a.et1vltiea~ 

In some cases t.he large amount of lang-lived target material activity produced 

by long bombardment obscured the small amounte of activities due to ~~purities. 

A short bomba.rdmezl.,t was theJ! made to measure the short-lived activities whlch 

predom.:1na.ted over the long-lived ODeS4 

Gross chemical separations and purifications were 'performed when necea-

sary v Decay and absorption data. were taken on all fract10ll8. 

Dls1ntegratl<m rates and aetivities were determined by measuring 

aliquots of the fractlons on ca.lIbrated Geiger-Mullel' mica vindow counters, 

aDd, where the radioisotope was a gamma emitter with 8. known disintegration 

scheme, by l118uuring e.llquots on the prev1ously-memt1oned calibrated ion chamber4. 

(4) Ib'ld; Mon C-399 
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D. Measurement of Activity 

A sample tor accurate beta counting was mounted on a polystyJ'eDe film 

205 mg/cmk in thickness aDd. fixed over a l'/16h hole ill au alU1ll.iD.um card by means 

of rubber cement D The procedure that vas used followed closely t!1e methods out ... 

lined by ZUlIlV8l. t5 " AD. aliquot of radioactive solution vas placed in the ceuter 

en Zumwalt, L. Bop Hem C-397 (1948) 

of' the hole on 'the film and evaporated to dryness UDder a dr,y1Dg lamp. A sample 

for ordinary beta. counting was somet:!mes mounted as above, sometimes evaporated 

to dryness in a small porcelain dish 4 ~ 2 em in diameter and about 400 mgJ cm2 in 

thicJ.mEje8. 

The fJ absorption curves 'Ver.e taken by placing a sample in the center 

(with respect to both vertical aDd horizontal pos'! ticms) of a shelf of our 

sta.ndard cO'IlD.tiD« apparatus, and placing alum1mID absorbers em top of'the f,int 

shelf .. 

The ~ absorption curves were taken vi th the &eillple in the center of 

the third or fourth shalt, aDd the lead absorbers on top ot tbs secODd ahelf. 

When the ion cbomber vas used to dete:rm1ue activities, a solution of 

a gemma-em! tt1Dg radio1sotope 1n a sealed glass ampoulle vas put into the glass 

thimble, 1D.serted 1n aud attached r1gidl.y', to the chamber to retain tbe filling 

gas (e.rgon at twenty' a.tmospheres) .. Within the chamber 8.1:14 SUl'l"oundiDg the thimble 

use the uegative collectiDg electrode o The cbam.ber was the other electrcde o 

The entire assGl.'llbly was shielded with eight 1D.chee of lead to obtain low back-

grounds < 

The ion chamber is calibrated 1n terms of c060 which decays vi th two 

;, ~8 (average energy III 1.2 Mev) per disintegration" iroen th.e decay scheme of, 

a:tJ.y' other 0' -em1tta1" is know, its activity may be measured and then calculated 
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from its counting efficiency with respect to Co~ 'For example, J.f B. radioisotope 

emite two '0 ts (a.verage energy - 0.9 Mev) per disintesration, its efficic,ncy 

in the ion chamber 1s 7~ of that ot Co. The flux measurements vere made using 

the pressure ion cbamber method outlined above. The chamber and the mox..itors 

were calibrated ,:nd the flux was determined by the methods given by Clark, 

Jones end Overman6. 

(6) Clark, B. M., Jones, J. W., and Overman, B. T., Man C-398 (1948) 

Actually, in the case of Saran's measurements as vell as ours, the 

qunntity determined that 'tftI.S significant was the product tTv. Since the fluX 

was determined bY'a gold monitor essentially sud the cross section of gold 1s 

96 barns at 2000 meters/sec, the 2::! for gold is 2.21 x ~O~ bes (barn centimeters/ 

see). Since the activations vere made at some unknown velocity of neutrons, the 

product determined, tor example, tor Ca44 1e 2~9 x 103 bcs. S1nce tala ie ,the 

. constant for the isotope one must only multiply this by ~ or the neutron density 

for the pile at the given poInt to obtain the yield per nucleaa of the nv a- for 

a given i.n"adiation. The value determined by Clark e'to a1., for ~ was 405 x 106 

n/cm3 at the center of tte Clinton Pile at operating porler leveL 

Since most of the measurements of these quantities made by physicists 

are reported in terms of thermal velocities" it 1a helpful for comparison t;o 

made an assumption about the way in which the cross section behaves as a functi.on 

of energy. If one a.ssumes that the croas section follows a l/v law then one may 

divide the ~~ by the thermal velocIty and obtai~ the crOS9 section corresponding 

~ to 'this energy or neutron. This 008 been given for all of the activities but 

it i8 recommended that the product of the croes section times velocIty b~ con

s1dered the important nuclear constant for these pile re8~tions. It ie part1-

eula::.'ly important to note that where resonance levele oocur in the therma:t region 
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one may not make this calculation to,B:iT1ve at a cross section for .the~ ·na~irons. 

The \lHe of the€!... also haS "'&other advantage for those ;~t1ons which 
, . 

are b~ugbt tibuut by fast neu~,,, ' Tlifjre has always b'een considerable question 

as to how to 'report yield values tor fast neutron reactions. ft1a 1s occasioned 

by tbe fact tat cross seotiou shotad correctly be reported for the energy of the 

neutron. :fe'do not· kD.o1r the energy distributlcm of tut neutrou, in general, 

in t'le pile sinee' this Yill be a fUnction of the amount of moderator between 

tr..e ,slug and the sample. Tb1s would 'change the fast spectrum. quite markedly . ' 

in a short distance.. It doos not seem quite proper to report the fast neutron 

yielde on the basis of the slow neutron flu by the use of sa "effective" cross 

section in vh1ch one uses the slow flux and weight of target iSOtope. The (J'" .!' 

howver, is a function' of this reaction', tOo, 80 the ,resultam&1 be expressed in 

the bCll .. , units. ''fbis implies t.b,at, if one mew the .! 0'Y density of neutrODS above 

a given threshold for the reaCtion, one cottJ.d cleterm:1ne the CroDS section. This 

CBDDOt uaual.l.;y be deteJ'lD1.Ded. 

OIl the basis of the flux report _nt1~d above, it seems probable 

that thef~uz m&1 be knOw. to an accuracy of about l~. 

E. Error! 

The stat,istical counting error in beta countipg vas less than 2f,. The 

error In dete1"Dl1D.1ng counter gec:aetries was about ». . The ~rror in assay vas 

about l~ except when otherwise stated in the detal1ed discussion of each In

diyidual target material. As mentioned above it 1s probable that the errors in 

. tbe flu: measurement are' of the order of loj • This giftS sa overall. accuracy 
, . 

which might be expected tor the )i.e14s of' the order of ll$ 0 The error in value 

tor the cross sections vould be higher in the case 01' those elements havlug 

resonance peaks. 80 cadmium differences were taken except . those mentioned in the 

report Men C ... 3980 
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The following table shovs the experimental data obtained. It might be 

no-ted that these materials were procured by the Operating Department in quantities 

that were estimated to laat a year. It is possible to get samples from there of 

any of the target materials discussed below. 

It should be understood that it VI.'!I.S not a purpose ot this study to 

cT.lnf'lrm or repla.ce existing literature values for balf,:",lives or radiation 

energies. The values shown on the graphs on the folloving pagee an experimental 

!.md merely confirm the identities of' the radioisotopes. The usetulness of the 

graphs is in shoving the kind of data obtained in measurir.tg activities of: radio-

isotopes produced at Oak Ridge National Laboratories. 

After the tabula'!' 8l.lU'llllary, the target materials are discussed in 

detail" The following information is lIsted for each material: Tar.get material, 

source, weight of sample, spectrographIc impurities, time of irradiation, the 

average tl'.lX for the time of irradiation, the se.,pEI.I'atioDs procedure that was 

used to purify the activity and the percentage recover,y in the various atepc, 

the radioactivities found reported both in the percentage of total activity and 

calculated to parts per million of stable 1Inpurlty in the target material, the 

yield in mc/g/30 day bombardment at ~ maximum flux, the 0- v in barns cm/sec~, 

the crose section per atom of no:mal element and per atom of' isotope assuming 

a l/v law, and a atatement of non-routine errors. 
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Table I 

Summary of Experimental Radioisotope Data. 

! field 
; mc/1!JI.1' element Isotopic EffectIve ! 
~ Target /mo at 50% ' O"V in 'Cross....sectione Cro8s-$ections 
~Materia1 Nuc1id~ Half-Life Radiation maximum flux bee (in barns) per ~Iom n€rma' Remarks 
i E;xpt t l Literature Expt~l Literature Ef'fectiv\! Literature emen 
.: 
i 

5 35 0,,171' 0 0 1711 . tJ..,,15xlOJ a,26a.2()1; I S 87d f!fl "ld 00279 0.124 OcOO52 
~ 

Not No t ~ 
I 

\ p32 14. 3d 1l..,7d 1.;7/ ,1 .. 7P 0.304 ~~68x102 0 .. 0017 0 .. 23 0~OO16 n,p reae1 
I No No 1 (therm~l (fast 
• neutrons) neutrons) I 
t . p32 14~Sd 14;.7d L71' L,7P 49.,6 ~o52xl04 0 0 251 0.23±20% . 0.251 KH2P04 

No ~ No 1 
, 

tP 12 0 8h 12,,4h -- 3,,58'P 38.6 ~,,09xl04 2,81 LO±2Q% 0.,186 
(75%~ 
2.07 
(25%) 
lo51~ 
(25%) 

- I 
O,,21~ ~.9JxlO3 I CaC03 Ca45 154d 100d • O.21P 0~291 0.62 O.6Ji20% 0.013 I No t 'No t . 

I 

~ 

SC2<lJ Sc46 84d 8;d I o.r,# Oc36P 8~8 ~,,17x106 14 .. 4 22!20tt; 1:".4 
1.0 K ? .' 

J 

1.121 I 0 .. 9 t 
~ 

Ti02 Ti51 -- 72d Oc5P O,,36P 0,.022 • 133xl02 0,,01 . i'03~20% 5.1;xlO-4 I .0,,91 Loi , . : : • 
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"*-~-- I Yield ! I Isotcplc ~ff<.~t!v.. J ! mel r;n e' ..... ~nt 

Target I ./:::,;. at 501: OV ':.11 Cross Sections . Cros~-Ject~ons 
.,~ater:Ll Nuclide ___ Half~·~,iie • Radiation . i ma.ximum flux "!"cs t- b I) per ~i()rn. f,orma 1.n arns err,en': I Rem.arh, 

Expt'llUterature EXpttl titeraturq t ~frective 'Uterature '. 
r---' 

0.83. 0,79 2..'1:<1)-3-r--Fe 59 
. ., ~- ----1 ... -_. 2 

r~ 47.5d L.6~1d o,J.f 0,26(5' 0,144 6"OJx10 
L2~ :';~46P 

- LIO} I 
10.30 

--.4yr' X-ray k,e- I I . 
Fe 55 

O.OO7~ 0.7 / 

i 

Co60 (L3~ I ("5l.xlO6 l 
I C0304 ..... 503Yl 5.3sr O~3~ i 42,5 29c6 21" 7+.20% I 29,6 

Hard~ L10i - , 
J ! 

L30~ 
I i I I -I I 1 

I i I 

Ni65 I f i 1 Ni 3hr .2 0 6h L9/3 1.9(3 2,11 b.,)7x103 1.32 1.4.±20% i Ov0153 ! 

O,28t I 
I 

I 
I 

On65} i , i 
I • j 

( 

0.93 I , 
! , 
I ! 

t Ni 59 1 j O.5~;O% ! 12yr a.05/!> " Did not -- -- ! 1 
~ \ ; I - ~ leok for I 

, 

i 
, 

l I 
. I -~ this isotope 

I ! 
! , 

1 se75 
1 ! · ! 0,16 e- K,e-
, 

~o29xl05 i 
X-ray and If-Se ,..,124d 115d \ 

9092 67.4- 22±4~ , 
, 

0,586 I 

iX-ray 0,335 g i ! Irays present 1 J ; , i t presentO n 18 ~ make Se75 a. 

t 

, i , 
I ; ! · suitable , , 
1 

1 
I I vracer"but 1 I .1 t , i I 

\ 
; absolute ! I , 

i I i· m.eanure'!'!tent is 
{ ! " 

f 

, 
; e.xtr~m.ely ! , 

I " 
j 

I ! t .- difficult . - ' 1 , - · I I , 
1 I, ; , 

~ AgN03 ' !.gllO 231d ) 
1 2,,38 7 a 96xl04 0.74 t 2.3!20% 0.36 , 

I I 
, r I, , 

t 
t ( 

I i 
i 

i J ! \ \ ~ r 0 :66 ¥ 
, ----- -- -- --.. -~~---'---~-~---"------- ---------_.'---' ... -.... _- .... ---- --~,,~ ... -""""'..--

1-1 
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Target I I 
Material lNuclide h£ Hal f-U fe 

I ptqlILiter~tur~ 
I . 

In (NO'3)) I 1nl14 J 50d \ 48d 

728 

Cd cd115 1 204d 2"33d 

54d 43d 

Sb , Sb124 I 60d' bOd 

1-;;' )-

" _J ,Ai 

Yi~ld 
mc/f!Jn element Isotopic 
Imc at t;;Jf, <S'l in Cross-Sections 

Radiation maximum flu.'X: bce :tn bsrns) 
Expt'llL1terature gffectiv~ Literature 

e-
O.7't 

2.2P 

o,'~ 
L3,s 
O.65l$ 

LSP 

loT" 
e-
0.19~ 

L9S(?> 

0.55f3 
L25(3 
0.65 t 

1..85P 
,.10.,51 

20.4 ~, SOrl05 19~4 56!10% 

2 

12,,8 P,92rl04 On6.3 Ll.±2~ 

0,.456 ~.96xl03 0,,064 0014£20% 

,. 
Effective 

Cross-Sections 
per atom normal 

F.lement 

0 0 82 

0,,18 

0.018 

Remarks 

P,,19 't is 
~pr~rently 
~OO% oon
~erted 

2,6(:\ 204~(5O%' 54.9 !f,,,Oxl05 '·4<26 2.5.±20% 1..S2 I 

~ 1,7~(50!' , 

I 

o ,6 ~ ~ 0.,7f>('CJt, I I 
1. t Presen o,6~ I 

J I 1 r ~ ____ _ 
I .1! I . 
1EU2(C204)j Eu154 :V6,,3yr !;i-Byr" 0.17(> t Oo34P 268 768i:20% 514 I 

I I I 
O.6e I O<82~ 1.13xl08 1010 ! 
2,Qr. K I 

i ~ I l.l~ ! 
I Presenti i 

I ~ I 

I 
" 

t 
\ 

Ta182 Ta02 117d iO.55~ I D.53~ I 319.?' t.. r· 5W06 1 16.1 \ 21.t2O% .,. 16.1 

I 
e- f L22¥(57%J rr-.;.I " I' I 
l.ot l 1.13~(.37%j , 

1002:2t(4%) I· 1 
1 1 C.15~(2%) i 1 . ; 

I-' 
\,.."? 



J'") 

• , .. '" • ,J A • • .J 
• 

, ~ Yield i I 
, 

, c/gm elemen Isotopic Effective . 
jCl"oSS-sections 

, 
Target ' ,~~~ ~~ Cross-Sections , p~r atom normaJ. Remarks 

Material Nucli~e Half-I..ife Radilition ,1maximum flux bcs (in tmrns) ;, • Element f 
Expt;1 Literature Expt t 1 Literature , t ' Effective Literat~. \ 

, W185 
'0 0 4(" ' lo;/.jJUo5 

! 
WO:;, 76d 74d Oc6/? 7.,55 2028 2.1±20% .0 .. 7 , ! 

No t 
, 

No 1 f 
• ! 

W,l87 1 1, 
! -- 24.1h -- 1 0 35f Didn't look for -- 34 +20% i 0.-6 ' -

6~~betwefin 
' , 

I 
t 01>18 & i 

0 0 77 Mev I 
i ! 

I 
6xlO3 

I 

Os Oa185 ,..6Od 95d and Oo6~-' , r';T'o, 1..5~ 0 .. 230 152~ -... - 0.02TJ 
, 1 

Oa'7t(1) " I , .-v30h ' ,.]f 

b.45xlD-" 4"·5q~ I 
' , I 

'J 

i 
05191 - '321L ;lofT~'-' O..-95i? ,', : 70 J4ltlO~;3, ~,31Q6 1,,44Xi0-4 ~ee remarks i 

., 1.,.l71-:' , ' Imder .~ 

I t. 5~- '5.34!2o% ' I psmium j 

I Os193 1704d 17d 1o~16P':' , 0.3513 7.11 4 Q l4xlO4 0 .. 188 . 
I . 10" 7J(7) ',' t I " t 
I ' ill i 
I 

r 
1 ' ! r '1 

Tt(N03)3 T1204 J -- '" ·3051r 00881' 0.87{1 1.>96 'f>o7lxlO' 11003 i '7.5 3.;05 
, 

t ,j 
mot No 1 . , f i I I, 

i i t I I 

r·2f f f ! I Bi Bi210 !id 5"- 1017 fJ ~,960 ! O~Ola " O.015±20%j 0 0 018 
t. i 'Not 01>70 I I '\ i 

I 1 
I ' I Po210 t -- 140d CI( 40 80( I 

, , ! ·f , \ /: _____ 1 , - ----

5:! .. 
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SUlfur 

'l'a:rset Material: SUlfur, U.S.P .. , Merck 

Weight: 23.72 (pi. 

Spc~h1c pnpurttlea: 

As 
Ca 
Cu 

IT 
IT 
l'l' 

Fe 
M8 
SI 

T' 
IT 
T 

Irrad.1ation: 

Sepa:rati0D8: 

31 CIa1a at nv • 4.64 It 10" n/cm2/aec 

See diagram 

Activities Pound 
At'l'o 111 Bombardment 

j Total 
Activity 

Activit,. 
per sm. SUlfur 

ppm 
Impuritiea 

170 

S35 (87d) 
p32 (14 .. 7d) 
s131 (170 m) 

47.8 
51.3 

0 .. 5 
0.4 

00266 IIC. 
0.286 ~----- --.v~ 
0.003 87 

Unidentified (17m) 0 .. 002 

Yields: 
!' 

0.279 me sIp S/30 da;y bombardment at 501t maximum flux.. ,\r~ ~.;) 
0,. 3()4 me pI @II. 8/" It " It.." ft ~ ~:=:::::::::: 

Cross sections" for sulfur: -
~ v = 1.15 It 103 barDs em/sec 

q- • 0 .. 0052 per atom normal element 
c- = 0.124 per atom Isotope 

Cross sections for phosphorus: 

'("r"V = 3.7 It 102 ba:rnB cm/ sec ' 
*(cr: 0.fJOl6 barns per atom normal element) 
*(0-: 0.0017 It It " "isotope) 

* Of queatiOl'llJ.ble value' aiDee It 1 B based on slow !fit .. 

Bon-rout1ne 'Errorr!:' Bone 
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Remarks: 

180 

In measurtngabeorpt1on of 832 beta rad1a:t1on, absorbers 

of low Z material were used. Scmeof the absorbers were 

made of Formvar plastic material which is a polyvinyl 

acetal 1*6s1n. The others were made of aluminum. Pormvar 

ami aluminum seem to have approXimately the same absorption 

coetf'icient .. 
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ca 

" 
.", 

4 

PDt, 

VI 

~dd Br2 .f. cellJ , 

I 
Add conc., HHO) \ JJi 

Boil 1 

H2S04 slolution 

l~S~ 
~ 

1 0 6% p , 

Sulfur 1.1) 

Pour into 12)1 
boiling 

conc" HN03 

IF1ed 

\ 

Add eu (HO)}2 carr:i.e r 
1 ml conc, HNO) 
2 ml conc< H2S04 
150 ml H.,O 

190 

I 
I Electrolyze r4 ) 

electrolate· I electrode 

I' _1 
[NaCM) LfJ 

solution I PEt " ~i 
I . . 1 I HN03 I 

I Add La(NO;)31 f R(OH}a Cu(NOJ)2 solution 

ppt . I sol' n l. di lut,.,lllCIJ 
. 1 I 

washin.r;s I 2 cY'£les i 
S ':\1\ ' 

J 
carrying 

~PO~4_. 

I 
""","",,"-_, I RIcl) solution 

0.1% P 
I dilute IiCIl 

LaC13 
and 

H3P04 

<)8,,3% P 



.~ 

. 
• 

't •. 

~ 

":ll 

.."J 
~ 
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MDDC.,.518, ":In Eo Cohn, Separation of Carrier-Free p.32 from Sulfur. (1) 

(2) Boiling fuming concentrat,d m,raJ will oxidi~e more P to H)f'04 than will !--~c; V:j'A:'; 
the non-fwning acid" -,~ ~·<~4 ........ ,. 

~ -- ~ 

(3) Ten to t!lirty seconds aft.er the HN03 is poured into the Br-CC14-5 mixture, 
the reaction becQnee violent e A laree beaker should be used to prevent 
losses from overflow and spattering. 

(4) Kolthoff and Sandell, Textbook of luantitative Inorganic Analysis, 
pp-.. 423-425. 

(5) The hydroxide precipitate should be di-ssolved and reprecipitated to Juni
mize the amount of P carried on it ~ 
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Target Material: Monobasic Potassium Phosphate, .Aubydrous, Reagent, Merck 

Weight: 30.96 sm. 

SpectroE!ph1c A!!alYa1s: 

Al IT 
Ca . r.r 

:fe 
Mg 

VFT 
P'l' 

Irrad1at1on: 56 days at nv u 3.54 x 10" n/em2/sec 

26" 

Seprati0D8: The sample was ,dissolved in water, made up to 250 ml, and 

aliquots tateno Chemical separations vere unnecessary be

cause the difference in half-lives of x42 aDd p32 made 

it possible to calculate their activ1ties separatelyo 

Activities Pound at To in Bombardment: 

Yields: 

x.42(12.4 hr) 
P32(14.7 d} 

! Total Actlv1tl 

43.8J. 
56.2 

Activity 
per Ph 

27.3 mc/E!Pl It . 
35.15 mc/f!lll P 

38.6 mc ~21.f!IIl K/30 day bombardment at ~ mu1mum flux 
49.6 me p32/gm p/30 day " 1'" tI " 

Cross SectiO'l:lR: 

tt42: q- v • 4.09 x 104 barns em/sec 
0-= 0.186 barns per' atom normal element 
0- = 2.81 barns per at<:D isotope 

p32: crv. '.52 x 104 barDS em/sec 
l!r • O~251 barDS per a.tom normal element 
0- II O. 251 '" It II fI It 

lion-Routine Errors: Ilene 
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Calcium 

TarS!t Material: Calcium Carbonate, Powder, C.P., Baker's 

Weight: 24.15 gm 

~ctr0Br!phic Impurities: 

Al 
Cu 
"e 

I.rradiatlon: 

n 
FT 
FT 

Mg 
Sr 

P'T 
FT 

32 ~8 at nv = 4081 x 10" n/cm2/aee 

29" 

Seerat1on.s: The ceC03 vas dissolved in dilute Bel, made up to 100 ml.) 

and an aliquot taken to work vi thy 

Activities Found at To in Bombardment: 

;, Total 
Activitl 

Activity 
p!r e. Ca 

ppm 
Impurities 

Ca45(18od) 
p32 (14.7 d) 

77.$ 
22.4 

o~29B me 
0.086 ' .. 1,920 P 

Yield3; 

0.291 mc/f!jJl Ca/30 day -bombardment at 5~ maximum. ~'1ux 

Cross Sect.ions: ,. ..... 

0- V ::: 2 ~ 9 :a: 103 barn em/sec 
0- :: 04013 barns per atom normal element 
o-:r. O~62 bans per atom. isotope 

Jr<?n .. R<;lutlne Errors: Lost <O.~ during asse.y. A large self~absorp~:lon 

factor introduces an error of '!!:'4. 

Rema.rk8~ By comparing the two abeo'rptioD curves shown in F1g.9, 

one taken tvo months latex' than the other, one can 

see that the 1.1 MeV f.J component is decaying. much mor~ 

rapidly t~ the 0.21 MeV j3 . component. Ths 1.7 MeV 

,B cc:mponent is p32, and allowance must be made for 

itscontrlbutlon to the total activity of a caC03 

sample bombarded in the Oak Ridge pile. 
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Scandium 

Tarset Material: Scandium Oxide, trom Adam Hilger, Ltd., London 

Weight: 2.mg 

Sp!ctrosrapblc tmeurities: 

Ca FT lAg FT 

Irradia ti on: 68 days a.t nv 1:1 Je8 x 10" n/cm2/sec 

Seerations: See diagram.~ 

Activit,. Found at To in Bombardment: Activity p!r S!!! Scandium 

Sc46 (85d) 838 me 

Yield: ;6) mc/wn sc/JD day bombardment at 50% maXimum flux 

Cross Sect.iQD8: 

Non-Routine Errors: 

v = J~l7 x 106 barns em/sec 
.. 14~4 barns per atom normal element 
= 14,,4 barns per atom isotope 

None 

320 
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SoCl) 

98% 

Dissolve in HCl (I 
Adjust to pH of 3 

~ract with TTA in Benzene 
i 

I Residue] . 

l~ 

1$ 

(1) Ao Broido, UonC-J50, Purification of Scandium end Preparation of Ca45 

))" 
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T1-tan1um 

Target Material::: Titanium o%ide# Pure, Amend Drug &I Chemical Corpo 

Weigb~: 18,.13 g 

Spectro~c Impurities: 

JI.1 :r.r l!'e T 

Ca rr Mg F'l' 

Cd PT 81 T 

eu IT 

Irradiation: 69 days at BV : 3.~ X 10ft n/~2/8ec 

~..aatiO!l.8l See diagr[lUl 

Activity ppm 
Activities at To 1n_~amh~!!nt: 

'1'151(12 d) 
p32 (14.1d) 

; Tote..l Activl,tZ 

,wfYl 
),;;;p 

4a 

R!~ Gram__ Impurities 

0.027 me 
0" 025 1600 832 

!1eld: 0.022 mc/p '1'1/30 day bomba.rdrtent at 5~ maximum flux 

Cross Sectionl .- '--
0- V II 1.13 x 102 barns em/sea 

0- = 5.15 x 10-4 barns per atom normal. element 
~ • 0.0097 barns per e. tom 1sotope 

Ncp-~out1ne Errors: Hone 

Remarks: The 101 MeV j3 ra.diation. 8ho~, in ;rig~ 13 m8.y be 

attributed 'to p32 activity originally present in 

the '1'102 sample probably 'as SOl., = • 
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.. Il5ISsolve in :m HCil 
: I 

TiC Ix 

48% 

11'1'02 , 

I 
Fuse with KHSO 4 

Dissolve '.felt in )'{ HCl 

SolIn 

-\ 
Supernate 

Containing Some Suspended Haterial 

SoPn -,
POl.; 

27% 

25% 

(1) Noyes and Dray, Qualitative Analysis for the Rare Elements, po 83 

(2) Ibid~ po 78 . 
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Tarset Material: CarbOll.Yl Iron Powder, A. D. Mackay 

We:t.et: 1.7·73 gm 

SPf!ctros£&.phic lmpur1ti,!!.= 

Cu 

Irradiation: 

IT .1 ~ 

32 days at nv • 4~76 % 10n n/cm2/sec 

See diagram. 

400 

Separatloos: 
'f, Totb.'l. ppm 

Activit!es Found at ~o in ~~~: !~tivity per gm. Fe. Activitt. !l;.l!l!:ities 

!!!J.£ 

Fe59 (4603d) 
Fe55 (--- 4. yr) 

p32 (14.8d) 
* (2., hr) 

0~144 me 
Identified but not 

calculated 
L1 :It 10-4 me 
202 x 10-4 

* MIl or 11 probably 

-99o~ 

Oo~ 
0.1~ 

00144 me "8591 gm Fe/30 i\ay bombardm.en.t at 5~ maximum flux 

1 ppm 
4. 

Cross Sections: 

cr- V : 639 em/sec 

0- : 2.9 x 10-3 barns per atom uormal element 

r.:r- :: 0.878 " 11 ." isotope 

lion-Routine Errors:' Bone 

Remarks: The slight amount of vert soft compcment in the Fe 

absorption curves 1s due to the -v 7 lteV x-rayp of Fe55 ~ . 

This will. vary with the bombardment time and the flux. 

If it 18 desired to analyze tor it one might ...... 3..;: Bs or 

C absorbers to enluince its absorption coefficient .. 
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Ether Portion 
i 

fmD31 
I 

Fe(N03}3 

100% 

Extract with Isopropyl 
Ether (2 

Acid Portion 

I 1 
I Residue I r:r 

T 
Cu(N03)2 

(1) Great care should be taken to subject pile-bombarded iron to as little 
oxidizing action as possible; "passive" oxidized iron is easily formed~ 
and.can be dissolved only with extreme difficulty, 

(2) Scottf s Standard Methods of Chemical Analysis~ pp, 465-466. 
" 

Ow 

(3) Kolthoff and Sandell~ Textbook of Quantitative Inorganic Analysis, pp. 
42~425o 

410 
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p"obalt 

Target Material: Cobalt (ic) OXide, C • .Po, Baker's 
....... 

~elsht~ 1.03 am 

Sp!c~£9Sr.aR!lc Impurities: 

Ca 
Cu 
Ie 

}rradiatlon: 

Sep!!'!t1ons: 

iT 
IT 
IT 

Mg 
11 

V!'T 
J"l' 

32 daJ8 at 4034 x 10" n/em2/sec 

Dissolved the semple in l2l'I BiJ04 made it up to 100 ml.. I 

and took an aliquot with which to york. 

Activities :round at '.fo in Bembardment: Activity per e Co 

C0 60 (5.3 yr.) 36.8 me 

Yiel;~: 4205 mc/l!J1l Co/30 day bombardment at 5~ maximum flux 

Cross-Sections: 

0- V II 6.51 % lo6barns em/sec 
a- = 29.6 b8.1'D8 per atom normal element 
cr .. 29.6 barns per atom isotope 

Don-Routine Errore: Done· 

l .. 6 .... 
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B1ckel 

Target, Material: ll1ckel Powder, Belmont SmeltiDg .. Bef1n1.Dg Works 

Valet: 10.05 g .. 

SR!ctrosraPh!c Impurities: 

Oa 
Co 
CU 

l' 
T 
14 

.e 
Mg 
81 

W 
PT 
T 

Irradiation: 63 days at nv :: 406 X 1011 n/cm2./sec 

SeP!l"!tlone: See diagrame 

Activities Found j Total Activity ppm 
I1t_TtL1~ BoJnbardD1en1;_ _Activity_ per (gil. 1ft ~Impuritiee 

111~5(2.6 br) 
Co 0(5.3 11') 
Fe~(!t6 .. 3 d) 

. Cu~(12 .. 8 hr) 
UJddeD.tit1ed 

92a~ 
2.5 

5.0 

1.94 me 
Ov053 

<0.0014 
0.13 
0.001 

1,300 
8,000 

350 

Yield: 2.11 mc/gpI 1Ii/30 day bombardment at 50j maximum fl;ux 

Cross-8ectione: 

t:::r.. = 3 .. 37 :: 103 baras em/see 
a- ID 0.0153 b&rll8 per atom normal element 
0-. 1~32 ba.ras per atom isotope 

_OIl-Routine Errore: Bone 

ReDIIJ.'r'ks: ~ chemical recovery figures vere not available. 

·y 

;0" . 



,JI> 

+ Cu(N03)2 

.... 

" 

. 
' .. , 

.... 

Dissolve in 
dilute HI'!03 

I 
[Add Cu(N03)2 carrier] 

". 

// 

o-iJ..rJ I " 

--

/' 
;' 

", 
/ 

/ 

{It',~; ~ \-\ <J.. 
p ,r 

J..".[t>'~ (\;-J""'-

I 

) // 

Boil otf H2S 
Add FeCl carrier 

and Hel 
.l!;xtract with Isopropyl 

Ether 

51" 

vi':'" (:) v\ V' CD :0'" 
9 A"" "",-,I!f;)( \\\.rV'''' t ,../r: ~ 
k'" Jr' »ft'-"~ t 

Hel Ether 

~." . ell' 
p ,'" \, . 

I . I 
Add Co (N03) 3 carrier I [!b 
Made alkaline with 

NH40H (3) 
Add dL~ethllslyoxime 

Solution I ....e.et . 

I ~ 
I 

tI ~ / soytion 1t
, 

jM>~ I Residue] []£J 

6'~~~H')~ I 
\,(' tj., ~ .\0 [HN,i I 

e.~",<V"" 
. \~&\ 

Co (N0.3).3 

Q!!fd.1l 
I 

Ni 
• 

....... lOO~ 

... 



~ 

.. 

" 

''\. 

'" 

52n 

(1) The Ni bombarded contains Oc8% Fe which will become Itpassive'! it subjected 
to strong oxidizlne action" The Ni should therefore be dissolved in 
cold dilute acid, and evaporated to dryness carefullyc 

(2) Scott's Standard Methods of Chemical Analysis; pp~ 465-466. 

en Di.methylglyoxi.ne precipitates iron' as well 8S nic.kelo 

(4) O(-nitroso, ~-naphthol precipitates iron as well as cobalt" 

(5) Ibid~, pc 314 
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Selenium. 

Target Mater1al.: Selenium. powder, OeDaral Chem1cal Co. 

Ve1pt: 20 .. 13 8 

b!ctrosr.aRh1~ .tmpur1ties: 

AI 
Ca 

rr 
T 

Kg 
Si 

T 
T 

~1e.t1e!: 98 dqs at nv :3.1 l[ 10" n/am.2/S8C 

$ber!t1OJ!!: See diagram .. 

Act1vl~1f)S P'ound* at To in ~e.:rdment: 

ae75 (115d) 

Act1vitl ;per SIll- &! 

15.74 me 

" . 

• 

-R'lhe above f:J.gure 'VaS obtained from gamma measurements on the iOn 

chs:inber; t~ gema efficiency ¥as calculated by assuming one 0.335 l4ev ~ 

per disintegration.. Jt-rB\V'8 8lId tr ... rays present make Se75 a suitable 

tracer, but absolute measurement is ertreme~ difficult. 

Yields: 9.92 mc/f!JIJ. ae/30 da;r bombardment at 5OJ. maximum flu 

Cross-Sect~: 

crv • 1.29 z 105 barns c)111 sec 
0- : 0.586 barDS per atom normal. element 
r:r. 67.4 barns per atom isotope . 

lfon-Bou~;ine Errors: Bone 

550 
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If 

. ~ 

.tt' 

Add Hydrazine Sulfate 
Boil for 30 minutes 

PDt" 

~ 
I 

fHNOJ""! 
I 

H2se03 
)99,,5% 

, . 

llillerJ 

rResidue I 

(0<5% 

(1) Treadwell &. Hal1.ll Analytical Chemistry, Vol. II, po 107 • 

56., 
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590 

S1lver . 

Taret Mater1al: S11ver D1trate, crystal, Reagent, General Chemical Co. 

Ve1et: 7.09 gm. 

SpctJ:osra#c l:!JuI:l tie8: 

Al 
Ca 
Cu 

JI'T 
Pr 
T 

Fe 
Mg 
81 

ft 
T 
T 

I:rra.diation: 35 dB.7a at nv :: 6 z 10" n/cm2/aec 

Sep!!'!tion: See d1agram~ 

~ti vi t;r J'ound at To in BambardJnent: Activity E!r sm. As 

AiUO (225 d) 3.3 me 

rleU: 2038 mc/gm Agj30 day bombe.:rClment at 5QIj maximum flux 

C1'08a-SectioD8: 

cr v III 7 .. 96 x 104 barn cm/sec 
0- • 0036 barDS per atom. no:rma.l element 
0- = 0.74 barns per atom. iaotope 

l'on-Bout1ne Errors: 1Ione 
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• 
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~ 

Dissolve in dilute RNO 

ppto 

+ 5~5% 

, 
" 
1 ~o~ 

L 

(1) Scotti" standard Methods of Chemical Analysis, po 818. 
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lDd1um. 

Taret Mater1al; lJId1um Bltratei C.P., A.D. MackaJ' 

Velet: 0 .. 38 sm 

!p!ctrpJ5!!Rh1c ~ tles: 

Ag 
Al 
Be 

J"l' 
IT 
FT 

Cu 
J'e 
Jig 
5a 

Pl' 
VW 
T 
!'l' 

.. 1 
Pb 
Sl. 

rr 
IT 
IT 

Irradiatlon: 'Z7 days at nv : ,.2 .x 10" n/em2/eec 

Separatl0D8: See dlagram. 

Actlvity .oUDd at Tg in Bombardment: Activity per S!O In 

Inllle. (48 d)* i904 me 

63" 

Unidentified impurity with 0 .. 7 Mev '0 ie present in small quantities 

* 0 .. 19 (J is apparentlJ' 1~ converted 

Yield: 20 .. 4 mc/sm h/30 day bambardmtmt at ~ ma.xtDium flu 

Cross-Sections: 

~ v = 1080 z 105 barns em/sec 
. 0- = 0082 ba.rns per atom normal element 
0-: 19.4. barns per atom isotope 

.on-Routine Error,S: Bone 
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Solution 

I i!a.4£iil 

[In(N03)3] 
,- -' 
Dissolve in 
Dilute HNO 

INfu,OU-Ill 

I ~. 
~ 

Add CH3COOH 
and HzS 

Solution ,I Ppt. 

J ----:.1---, 
I Washi~8 I I ~2S3, (2) I 

Add HN?3C3 
Boil off H,2S 

I 
In (N03)3 

100$ 

(1) Noyes and Bray)) Qualitative Analysis for the Rare Elements, po 193 

(2) In~3 precipitates rapidly and f'inelyfrom a 6N acetic acid solut:1.on» 
more slowly and flocculently from a more dilute solutionu . 

(3) lnC13 is somewhat volatile, so HN03 is to be preferred to Hel for dis= 
solvIng the In2S c ' 

640 
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Cadmium 

Target Hater1al: Mossy cadmium metal, Gcmeral Chemical CCIIJJ.P8D¥ 

W~1et: 1.03 gm 

Spectrograph:lc lm.J?u:ri ties: 

.Ag 
Ce. 
Cu 
8i 

VJT 
:r.r 
T 
VJT 

Fe 
Kg 
JIb 

VF.r 
T 
T 

Irradiation: 27 days at DV = ~451 X 10" n/c.m2/sec 

S~atI0D8: See d1agram~ 

ActivitIes ~ound 
at To in Bambardment 

Cdl1, (2.3 d) 
Cdll5 (43 d) 
Cu64 (12 .. 8 hr) 

Yields: 

~ Total 
Activity: 

96.$ 
3.4 

.(.0.02 

Activity 
pr po Cd 

ll.,54mc 
0.41 

t. .002 

ppn 
fm,puriti"fa 

< 3 ppm 

68 0 

Cd1l5 (203 d) 12.80 mc/p Cd/30 day bombardment at 5f1!, maximum flux 
Cd1l5 (43 d) 0.456 mel "" " " ." ft n ff " 

Croas-Secticma: 

~l d Cd115: 

cr V Ii 3.96 x 103 barns emosec 
cr • 0.018 ba::rns per atom normal element 
0- = 00064 barns per a:t;am isotope 

2.3 d Cdll5: 

a- v • 3.92 x 104 barns em/sec 
0-. 0.178 barns per atom normal element 
0-. 00634 barns per atom isotope 

lIon-Boutine l!lr.rors: Bone 
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/U6t 
I HNo:r< .. - <-\IJ 

H,25°4 
Cu(NOJ)2 carrier 
Dilute wit.h H20 

I 
( Electrol),z-!] 

I 
----~ 

I Electrolate I 

~ 
I 

Cu(NO,)2 

H2SO4 (2) 
Electrolyze for 15 

minutes 

[CdC:] 
~. 

I 
I 
I 

Cu(NOJ)2 

and 

Cd (NOJ)z 

58.5% 

41..5% 

(1) Kolthof,t and Sandell, . Textbook of Q.uantitative Inorganic Analysis, 
pp, 423-425 

(2) Scott~ s Standa.rd !.tethods of Chemical AnalysiS j p. 202 

69'9 



.. 

, 1.&.1 
..J 
a. 

o
~
·
 

+
H
~
H
+
~
+
+
+
-
~
~
~
~
o
 

-0:: 
LL. 

..J 
. 

« 
-rrf--+--

>
 

-+
-t-

: 
0 

IT
-

T
1-+

-i-'o ~
 

2
K

t+
t+

-H
-H-rl-++'~-!-'H-'+-\--i-I<D 

0:: 

.... 
\ . , 

. . 

a: 
1.&.1 
tLL. 
« 



d ~
 

r l>
 

CD
 

(J
) o ::0
 

CD
 

rn
 

'::
0 

, '
 

(J
) 

0 0 

• ,-.
 

<l
' 

~'lI
lj 

J,,
}:a

~~,
::~

~. 
~ 1

:~:
l:~

~C~
O'W

 ~t:
\ne

:.O
ort

:~~
1::

 a~
eet

f.t
i? 

L
I
l
l
i
 

I.t
A

tU
: 

IN
 
U

.S
.A

, 

R
E

LA
TI

V
E

 
C

O
U

N
TI

N
G

 R
A

TE
 

N
 

w
 

.,. 
(J

l 
'" 

... 

., 
'" 

• 
.., 

w
 

... 
'" 

'" 
..., 

t;
:l

 
.
~
 

~
~
 

~"
;.
. 

~'
 -4

 

~-
1 

Q
 . '.J
' 

\ ...
. , 

~ 
... 

'v
..)

 
'0

 





.. 
31VC:I 

8
N
I
I
N
n
O
~
 3A

II\113C
:1 

.~_, 'N
' ,r~" 

: 
~I 

i 
i 

';'~'1;!;j~'Hr 
li\Ju

n
 til~' 'qoll~ "

'a
J
;n

 H
 

~.: 
!-','!,l\,):: ',;rn

q
lp

r;ll!'l 
l:;,I}.' 

,-
-

, 
tt-t;S

O
C

'i.»
.! 

;, 
'!" 

'*
0

-) 
tl,J';'"l_

' 
V

,J"
:+

t'l:-I\,, 

• 



.. 
,. 

. .. 

J 

• 
. ( 

Ant1!sy 

Target Mater1a1: ADt1.mcqr metal, Lump, C. P. BakeJ"9s 

We1gbt; o.206,g 
~ . 

Spectroepb1c Impur1ties: 

.As 
Cu 
J'e 
Mg 

T4 
T 
T 
ft 

111 
Pb 
81 

T 
VW 
J"l' 

Irrad1at1an: 28 dqs at D.V • 8 .. 31&. x 10" fJ:/cm2/s&c 

740, 

,. 

Separat10Jl8: ~ ant1JnOlV' VB8 dissolved in aqua regia, made up to 25 ml., 

aDd al1quots were taken. 

Act1vities Found at To in Bombardment 

Sbl.24 (60 ~) 
Activity per E .aDt1Jncgj' 

,....9 me 
, , 

Y1!ld: 31&..8 mc/p Sb/30 day bombardment at 5Ot» mazimum 'flu: 

C1'OSS SectiOJl8: 

0- v • 400 % 105 b8rDs cm/sec 
0- II 1'.82 bams per atom. element 
0- = 4 .. 26 b&l".D8 per atOm. isotope 

Bon-Bout1De Errors: Bone 
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Euro:eium 

Target Material: Europium Oxalate 

Velet : O.Oll2 g 

SR!ctrographlc Impurities: 

Ca T Cd T Ms T 

Irradiation: 31 days at 3.17 x 10" n/cm2/sec 

Se;p!:U'e.tlans: Dissolved the sample in lOB D031 made it up to 10 ml, 

a:ad took an aliquot with which to work o 

Activities Found at 1i:Q in Bombardment: Actlvltz per am Eu 

Eul54 (603 y) 170 me 

Yield: 268 mc/g/3Od bombardment at 5~ maximum flux 

Cross-Sections: 

<r V • 1.13 % 108 ba:J."'!l8 em/see 
c:r = 514· barns per atan normal element 
(J'" :II 1010 barns per atom. isotope 

lIon-Boutine Errors: Rone 

77 • 

Remarks: The 2.0 MeV j!:i radiation shown in I'1g4 cr indicates 

presence of 9.2 hr Eu152 • 
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Tantalum 

Target Material: Tantalum tetraoxide, C.P., CIty- Chemical Corp .. 

Veiet : 0.22 sa 

SpectrosraP!!ic Impur1tIes: 

Al 
c:a 
CU 
lI'e 

'IT 
ft 
ft 
I"l' 

Kg 
Mo 
S1 
'11 

T 
T 
T 
W 

Irradiation: 83 days" at nv;; 5.7 x 10tt n/cm2/sec 

"\' 

. 800 

Seer&tIons: The sample was dissolved by- two succes'slve tu.slons With KOIl 

in a nickel crucible.. This f'lux dissolved the sample far 

more rGed:lly than did lalSOq._ '!'be melt was dissolved ill 

B~, made up to volume, and ~ allquot taken( 1) • 

(1) A Textbook ot Inorga.n1c Chemistr.rl' Vol .. 6, pt .. 3, po 125 

Activity :round at To ill Bomba.rdmen:~ 

1'151 (72 d) 

Activity per gm Ta. 

319 mc'" 

... baaed on 0.53 Mev,.tJ 0 

Yield: 121.0 mc / f!11l Ta/30 day bClllba.rdm.ent at 5~ maximum flux 

Cross-Sections: 

cr v = 3 .. 54 x 106 barns cm/ sec 
0- = 16.1 barns per atom normal element 
0- = 16.1 barns per atom isotope " 

Bon-Boutine Errors.! lIone 
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±]1!g8ten 

Target Material: ~8ten trioxide, C. P., I'isbel' ScieDt1f'ic CompEI.Dy 

Weigb,t: 1 .. 80 sm 

§lRect~c Impurities: 

Ca 
1/e 

Pl' 
VJ'T 

140 
81 

T 
W 

Irrs.d1at1an: 69 dqs at nv : 3 .. 2 x 10" n/cm2/sec 

Seerations: See diagram • 

. . Act1 vi ties 1I'0lDJd at To in Bomba.rdtJ.ent 

wl85 (74 d) 

Activity per S! W 

9,,3 me 

Y1eld: 7.55 mc/p '1/30 da1' bombardment at 5~ max:hmDll flux 

Crcss-Sect1CD.8: 

(j" V • 1 .. 54 x 105 barns em/sec 
<r iii 0 .. 7 bams per atCD. nomal element 
(f' = 2.28 barns per atQ!!ll ls9tope 

Bon-BoutiM Errors: lfone 

83a 
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cr 
Add freshly prepared 

Fe (OH) 

PEt 0 Solin 

1 I 
r Fe (OH) 3J W.,.6 

I 9~ 
II""" D=i:--s-so-::}-ve....l....:-in--::-:HC=?~. 'I 

, I 
FeC13 

1% 

(1) Scotti s Standa.rd Methods of Chemical Analysis, p" 1002 
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Osmium 

Target Material: Osmium. Powder, American Plat1Dum Works 

~eight: 00546 gm. 

Sectl"OQ"!l!b1c I'mlmrities: 

As 
CA 
Cu 
S1 

J!T 
T 
T 
'1' 

J'e 
Mg 
MIl 

lI'l! 
ft 
I'T 

.!rrad1ation: 35 dqs at nv : 6 :x IOn 'n/cm2/se.c 

Separations: See diagram. 

Activities Found at To in Bamb~ent: 

Yield: 

08185 (95 d & 30 hr) 
os191 (32 br) 
Os193 (11 d) 

00314 me 
e~8 x 10-3 me 
9.19 me 

8"/" 

Os185 (95 d ,. 30 hr) 0.230 me/. os/30 day bombardment at 5~ max1m:alil 
flux 

Os191 (32 br) 7.34 x 10"3 me/fIJ11 Oa/30 dq bClDbardment at 5~ maximum 
, flux . 

Os193 (17 d) 7411 mC/(1JI1 Os/30 day bombardment at ~ max1m:um flux 

Cross-~eet101U! : 

Os185: cr v = 6 x 103 barns em/sec 

oG191 : 

os193: 

0- .: 0~0213 barJ.l8 per atom normal element 
0- II 152 barns per atom isotope 

a-v .: 3L6 bams em./sec 
cr :. 1 .. " X 10M~ barns per atam element 
(J II 5.45 :.It 10- per atom isotope 

crv = 4 .14 ~ 104 barDS em/see 
cr III 0.188 barns per atom normal element 
(r = 0.575 barns per atom isotope 

l!on-Boutine Errors: Yield figures should be revised upwards because of 

a loss during assay of an estimated <f!J1,. 
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Be:m&!'ks: (A) J'rom Fig. 1&.3 it may be seen that some of the CClID.pOneht 

emitting strong f3 'radiation 10 preoent 90 days after tile 

sample vaa removed f'JtaD. the pile .. 

CD) Evidence po1Dts to the existence of tour activities as 

characterized as tollova: 

Probable M888 
Radiation 

r1menta11 L1 terature !~ 

SS" 

oal~ (95 d) **0,,77f(t) I"T.,lf 
Oslv", (-30 hr) 0.,8.fS 1.5~ 
Oa191 (32 hl') 1.3,tJ.,~'!) 0.9513 ~ 

*0,,314 m.c/ftJ.'\ Os 
0.3116. me I f!}.f1 Os 
8.8 x 10-3 mc/gm Os 

. 1 .. 170 
08193 (17 d) 0.3,,8, o~ 7?f(~ 0.3513, 'I 7 .. 11 me/f!)1l Os 

* Measuring 30 hI" daughter and. assuming equilibrium .. 

** ;r measured at three months out of pile, so it may be 

cClllp08ite of 95 d I.T. and 17 d gammas. 

110 great accura.cyis c1a1Ded tor 95 d and. short11ved 

activities. 17 d sbould be quite satisfactory • 
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Distill for 4 hours 
out. of' aqua (1) 

regia into dilute 
Hel containing SO 

I 

[ltesId\ie-, 

11% 
89% 

(1) TreadWell "and HallJ) Analytical Chemistr:r~ Vol, 2i pp .. 142-143 

89Q 
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Thal.11um. 

Target Material.: ~halllu:m (Ie) lf1tra:te, C.P., i'ordcmes Trading C~ 

Weight: 9,,98 gall 

SE!ctrosra~c Impurit1es: 

Ag 
Al 
Ca 
Ve 

JT 
VFT 
FT 
FT 

Mg 
Ka 
Pb 
81 

VFT 
VlI'T 
r.r 
VJ'T 

Irradiation: 68 days at nv : 4 .. 0 x 10" n/em2/sec 

§.eP!!'!t1ons: See dlagremG 

~ctiv1t.I!.s Found at To in bombardment~ 

T12Ol- (305 yr) 

Ylel~: 1096 mc/PJf1 Tl/30 day bcmbe.rQment 

Cross-Sections: 

0- v :; 6.71 x 105 barns cm/ sse 

Jletlv1ty 2!"6! Tl 

3/jO me 

a-;; 3.0; barns per atcm nol'r!lal. element 
cr.: 10.3 barns per atom isotope , 

,Bon-Routine Errors: Bone 
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Pot" 

1 
fFeT6HE] 

00025% 

Ppt, 

1 
I 'I'12CrO~] 

I 
Dis solve in H2S04 
with H2S0J added 

I 
'1'125°4 

.....,100% 

(1) Browning and Hutchins.1 fU:l" J c Sci. ~, 460 (1899) 

95., 

r.1aShIn~snl 

0 .. 3:3% 
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Bismuth 

Target Material: 99.~ B1SIII.Uth metall C.Po; Balter's 

We1aht: 24.58 gm 

Spectroscop1c ~ities: 

Ag ~ Fe VW lIi :r.r 
AI T Kg W Pb T 
Ca 'l' Me :r:r 8i T 
Cu W Sn W 

Irrad1ation: 28 days at nv : 3.56 x 10" n/ em2/ sec 

~8})tU"ations: See diagram 

ActIvities Found at To 1n Bomb~tl: 

:81210 ( 5 d) 

Activity p!r gm Bl 

0.498 mc 

Yield: Q,,:rOlt- mc/f!J1J. B1/30 day- banba.rdment at 5~ maximum flux~ 

Cross-Sections: 

('j v • 3 A 96 x 103 barns em/see. 
IJ. 00018 bams per atom nOl'lllAl. element 
cr. 0~o18 bB.1"DS per, atom isotope 

lI'on-Bout1neErrors: A large amount of 801ids in one of the BOUl"QeS 

made it difficult to determine the disintegration 

v-t, 

rate more accurately than !. 1~ for the entire sample" 
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Dissolve in 
flN0.3 :and H2S04 

~ 
~ 

I 
Evaporate to dryne ss 

.~dd dilut e HCl 

'""A"ao In (1) 
Add Na2SOJ (2) 

. Add Tetraphenyl Arsonium. Chloride 

+ 
[Dissolve ~n CaCl'} .1 

Acid Fase ClICliPhase 

I Add" AgN03 ca:r:-rierl Evaporate to ___ --:-____ __o._ Dryness 

Take up in HN0.3 

I 
Bi 

Ppt, 

J r . 
r$1 I Residue j 

I ~10% 
.N~ 

r?Tssolve in NH40H I 

Ag(NH.3)T 

(1) Boyd~ et aID in CC=9J4 --
(2) If presentP. Cu, Pb, Sb, Cd, Hg~ and Ag will also precipitate 

98" 
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