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DISCLAIMER 

This document was prepared as an account of work sponsored by the United States 
Government. While this document is believed to contain correct information, neither the 
United States Government nor any agency thereof, nor the Regents of the University of 
California, nor any of their employees, makes any warranty, express or implied, or 
assumes any legal responsibility for the accuracy, completeness, or usefulness of any 
information, apparatus, product, or process disclosed, or represents that its use would not 
infringe privately owned rights. Reference herein to any specific commercial product, 
process, or service by its trade name, trademark, manufacturer, or otherwise, does not 
necessarily constitute or imply its endorsement, recommendation, or favoring by the 
United States Government or any agency thereof, or the Regents of the University of 
California. The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof or the Regents of the 
University of California. . 
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I. PREP~~~i:-~EE I:~!~ig~Tg~E~Nn~MA~C~~If~N F~G~~.1IUl~l 
2 

Roy D. Maxwell , Herman R. Haymond, Donald Ro Bomberger" Warren M. 
Garrison and Joseph G. Hamilton. 

Crocker Laboratory" Radiation Laboratory" and Divisions of Medical Physics" 
Experimental Medicine, and Radiology; Uni versi ty of California~ Berkeley 
and San Francisco. 

The cyclotron is the only practical source of many carrier-free3 radioisotopes. 

'The preparation and radiochanical isolation of a number of these acti vi ties, 

produced in the 60-inch cyclotron of Crocker Laboratory, ,vill be presented in this 

paper and in subsequent papers of this series. In most cases the carrier-free 
/ 

radioisotopes were prepared for use in biological systems and the final preparations 

were in the form of isotonic saline solutions at a range of pH from 5 to 8. 

The present paper reports the radiochemical isolation of carrier-free Sn
ll3 

and In114 produced by bombarding cadmium with 38 Mev alpha-particles. At this 

energy" Snll3 and Inll4 are produced in a thick target by the nuclear reactions4 ; 

CdllO(a"n)Sn1l3" Cdln (a,2n)Sn1l3 " Cd112 (a,3n)Sn1l3 , Cdll1 ( a,p )In1l4" Cd1l2( a,pn) 

In1l4. The shorter-lived tin and indium activities together with the possible 

radioisotopes of silver produced by (n"p) reactions, were allowed to decay out 

prior to the chemical separations. 

(1) This document is based on work performed under the auspices of the Atomic 

Energy Commission. 

"" (2) Lie1J.tEnant Colonel" U. S. Army" now stationed at Walter Reed Hospital, 

, 
" 

Washington" D. 'C. 

(3) This term is used to indicate that no stable isotopic carriers have been 

intentionally added. In a "carrier-free" separation the specific acti vi ty 

is determined by the chemical purity of the reagents. 

(4) G. T. Seaborg and 1. Perlman, Rev. Mod. Phys.,20, 585 (1948) 
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The target, a block of C.P. cadtrliuzn metel, soft soldered to a water- cooled 

copper plate, waS bolI1barded with ;8 Mev e.lpba .. part1clt)s for a total ot 450 ~-hr8. 

at an average beam intensity of ,.4 j..La. After aging for one week, the bombarded 

surface was m1lled off end dissolved 1n a minimum volume of 16 N HN03' 

0.2 SIll of target cadm1um nitrate was dissolved in 25 ml. of water, and the 

tin arid indium activities were carried quantitatively on 10 mg of Fe(OH)3 

precipitated with NH40R. The Fe(OH)3 was d1ssolvedln 15 ml of 36 N B'~04 and 

transferred to an all-glass distilling flask. 5,6 9 N RBr was added dropwis6 

while a stream of C02 was 'bubbled throueh the solution at 2200 C. The distUlate, 

cantamine the carr1er- free snll', HBr, Br2 and traces of H~04 was caught in a 
, 

series of traps filled w1 th 12 N Hel; the indium acti vi ty remained in the residue. 

Carrier-free radio-tin collected in RNO, or H2S04, forms a radiocollo1d7,8 and 1s 

adsorbed onto the walls of the contain1ng vessel. 12 N KOl keeps the radio-tin in 

solution presumably as the chlorostanna.te complex. The trap contents were treated. 

with 5 ml. of 16 N HN03 to destroy HBr, l5'mg of citric aetd were add.ed and the 

solution was evaporated on a st~m bath to the 1-2 ml volume ,of R?304 carried over 

in the distillation. Ci trio e.cld prevents. the fOI'lIllatlon of radiocolloid after 

removal of HCl. 

The R~04 solution was diluted with 25 ml of water and the radio-tin was 

carried down on Fe(OH)3 precipitated with NB40H. The Fe(oH)3 Was dissolved in 

8 N Rel $I1d tron was extracted With isopropy:lether. The aqueous pba.se, contain1ng 

(5) J.A. .Scherrer, J .Research Na tl.:Bur . Standards 21, 95 (1938) 

~~ (6) J.Schwa1bold J W.Borchers and G.NagelJBiochem. Z.,306,l13(1940) 

(7) O.Hahn, A2pl1ed Rad1oehem1strz,Comell University Press,Ithaea,N.Y. 1936 

(8) The c.o1l01dal properties of carr1er-free radio-tin are being investigated. 

These results will be published elsewhere. 
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HC1, an1l3 and equilibrium amounts of the Inl13 daug.'ht.er, was evaporated to 

d:Y.'~.ess on 10 mgof sodium citrate. __ '1'heactivltyd1s801ved qua!ltitatively in

distilled water. 

The carrier- free Snl13 i~"iS ide21tified. by it!:! l05'-day half-life and by the 

0.39 Mev conversion electron of the InlJ.3daughte:r.9 •. The indium fraction from a 

chemical separation of an equilibrium mixture usi.ng Un and indium carriers, 

E·11,...·~·'<=>d t'l...e 105 -~n pe . d f T 113 , __ ... ,.,~..r! uu.. 1'10 0 ~n • 

The residue from t.he tin distillation, containing FeHt and In114,was 

neutralized with NH40H. The Fe(OH)3 plus indium activity wa.s dissolved in 8 N ReI, 

and. extracted with isopropyl ether. The HCl solution of Inl14 was evaporated to 

dryness on 10 mg of NaCl. The acti vi ty dissol yedqusnti tati vely 'With the adtH tion 

of distilled. ¥ater. The Inl14 waa identified"by the essigned 48-day half-life 

and by the 0.19 Mev conV'ersion electron 9,10. 

The authors wieh to express their arpreci8.tion to Professor G." T. Seaborg 

for his interest int-his work .• to Mr. T. Putnam and Bo Rossi an.a. t.he 60-inch 

cyclotron staff for 'b011ibard~e:ots, and to Mrs. Alberta Mozle;y o.r:d fKya. Helen Haydon 

for technical assiJUaGce. 

July 1949 

(9) S. W. Barnes, Phys. Rev. 56, 414 (1939) 

(10) J. L. Laws')n and J. M. Cork, Phys. Rev. 57, 982 (1940) 




