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Chemical Procedures Used in Bombardment Work at Berkeley 

W. :Yayne M3 inke 

Department of Chemistry~ Radiation Laboratory 
University of California 

UCRL-432 

In the Nuclear Chemistry Group of the University of California 

Radiation Laboratory, chemists have for the past several years been 

using many chemical procedures, separating at one time or another tlbout 

75 of the 96 elements in the periodic table. These procedures vary from 

simple single ·step processes requiring less than a minute to tedious week 

long separations. 

With new high energy accelerators either being planned or being 

built in many places
1
it has seemed worth while to compile the procedures 

used at Berkeley. W.:any times these procedures can be .used exactly ns . 

written but more often they will serve only as a ~tarting point from which 

the individual can develop a procedure more suitable to his particular 

problem. Their great advantage is that they have actually been used in 

bombardment work for separating a particular element from all other elements 

present. 

This compilation begins with some general remarks applicable to chemi~ 

cal separations from targets that have been bombarded with high energy 

particles. The remaining pages are indexed by atomic number o.nd procedure 

number, e.g~, 40-1 is the first procedure for zirconium. Procedures for 

elements 90 and above are excluded pending declassification. 

A brief explanation of the headings used is probably in order. 

The yield and degree of purification listed for each separation have in 

many cases been determined experimentally while in other cases they are only 

the best guess of the chemist. These values are included ns ~ general guide 

to the person unfamiliar with the chemistry of a particular element to help 

him judge the applicability of the procedure to his war k. The time of 

P-18-2.93 
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separation in general refers to the time required to perform the opera­

tions listed; for fission work it does not include time for solution of 

the tnrget. Any special equipment requ).red for the procedure has been 

noted. 

The portion of the heading reading "Procedure by 11 should actually 

read "Procedure used by 11
• It is not feasible in a report of this kind. 

to acknolitledt~e all the sources of infortrl£l. tion tho. t have gone into the 

formulation of these procedures. ~y are adaptations of the fission 

product procedures(l) while others combine experimental data. with data. 

1. RADIOCHEI,.ITCAL STUDIES: THE FISSIOU PRODUCTS, Volume 9, Div. IV 

of the National Nuclear Energy Series, McGraw-Hill Publishing Co.(l950). 

presented in standard books on anfllysis. 

The t~)e of bombardment for which each separation has been used is 

also noted in the heading. Where no energies are indicated, one :mtlY 

assume the procedure a pplioa.ble to full energy bombo.rdments. The full 

energy particles of the accelero.tors used are: 

18411 cyclotron: 388 Uev o.,lpha.s, 348 M~v protons, 194 !~v deuterons 

6011 cyclotron: 37 rilv alphas, 9. 5 Mev protons, 19 Mev deuterons 

Linear accelerator: 32 Mev protons 

37 11 cyclotron: 16 Mev protons 

The purpose of this compilation wc.s to maka for our laboro.tory o. 

working file to which new procedures might be added o.s they o.re developed. 

The procedures ;vere written up by the chemists using them o.nd edited by 

the author. When ther~ were vario.tions in to.rget mo. tcrial, time for 

separation, or type of bombardment, sepnro.te procedures which may differ 

only slightly were included. This was done in order tho.t each procedure 

might be as complete o.s possible within itself. P-18-294 
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General chemical separations for the mass spectrograph. 

For the m.s., it is necessary to ha'~ the material in almost carrier-free 

form-from .2 ug to 100 ug being the range of stable carrier allowed. Purity is 

not essential, as far as decontamination is concerned, since the mass spectre-

graph does this. It~ necessary to get the sample in a small volume, with a 

minimum of carrier and a minimum of accompanying salts. 

To accomplish this for most elements is quite difficult, but methods that 

can be used are sugsested. An ion-exchange column gives the ideal product. 

Nearly all other methods depend on the .carrying properties of homologu.es 

for initial separation from the target, with subsequent separation of the 

carrier. For example, Ba may be carried on Pb, and left in soln by ppt PbS. 

Tri-positive ions may be carried on Fe(OH) 3, and the Fe extracted with ether, 

leaving a carrier free solution. 

A very good separation of Bi may be obtained by plating the Bi activity 

(chemically) en Ni foil, dissolving the Ni in HN"03 , and carrying the Di away 

on La (OH) 3• Bi is then separated from La by ppt 50 w;· of Bi with H2S from a 

very small volume of solution. 

Electroplatine offers w~ny unexploited possibilities, but should certainly 

not be lost sight of, simply because it has not been used. For many metals, 

it is possibly the best available method .• 

7/12/49 
P-18-57 
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Exerpts from Thesis or;_Spallotion Products of Arsenic with 

190 Mev Deuterons- (UCP..L- 312) H. H. Hopk;El~, ____ J!.:. 

Abstract: Purified arsenic has been bombarded with 190 Mev deuterons e ------Following chemical separation of chlorine and the 11 elements chromium 
through selenium, an analysis of the ro.dioactivi ties in each fraction showed 
·!:;he presence of a total of 40 isotopes. 

For the purpose of bombardment, several hundred milligrams of granular 
arsenic metal were wrapped with one mil platinum foil. The resulting 
envelope was approximately 25 mm long, 3 mm wide, and 2 mm thick. This 
envelope was clamped alonE one ed~e to a standard copper mount which is 
scre·wed to a water-cooled target ·head. This head moves into the cyclotron 
chamber so that the forward edge of the target meets the deuteron beam. 

The duration of a bombardment v;o.s usually one hour. The beam attainable 
was about one microampere, but costly experience proved that the dissipo.­
tion of the effective power caused volatilization of the target. Cutting 
the beam intensity to 30% eliminated this loss of arsenic us proved by weigh­
ings made before and after bombardment. 

After bombardment the envelope containing the arsenic was taken from the 
holder, and the arsenic removed. The pieces were ground in a hand mortar, and 
the resulting arsenic pmvder used for chemical operations. 

Chemical Separations: 

Tho separation of the isotopes produced by spallation into elemental'\ 
fractions was accomplished by chemical procedures. First the target was 
dissolved in nitric acid. Second, inactive carrier ions were added, corres­
ponding to those elements we o.re concerned with. Finally, separations 
were conducted by distillc.tions, solvent extractions, and precipitations. 

The degree of sepo.ration required of the chemical procedures is det­
ermined by the radiation characteristics of the isotopes of the different 
elements c.nd the relative intensities of the radiations. Thus, to identify 
conclusively tvm isotopes of different elements. of similar half-life, 
radiation properties, and yield, a separation of about fifty to one is 
required. In the case that the isotope of one element decays by electron­
capture and the other by beta emission, then for the latter a separation 
factor of only five is required, due to the relative differences in counting 
efficiencies. Correspondingly, tho e lementul fraction of the electron­
capturing isotope must be separated by o. greater fo.ctor, of the order of 
500 1 since small amounts of the beta emitter would introduce considerable 
error in counting the x-rays of the electron-capturing isotope. For cases 
where the half-lives differ considerably, other

5
§onsiderations must be applied, 

For example in the iron fraction only 47 day Fe is observed, while the 
longest gallium period is 3.~9 days. Thus whereo.s gallium isotopes are fonned 
in far greater yield than Fe , no chemical seP59o.tion is necessary, since 
all p.:ullium isotopes will be dead before the Fe has decayed appreciably. 

P-18-150 
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-13 The quun~ity of u radioelement present is of the order of 10 mole. 
Thus, while this amount would undergo distillation and extraction just as 
milligram amounts of the element, most precipitations could not occur since 
solubility products would not be exceeded. Therefore milligram amounts of 
the elements o.re added to function as carriers. The exchange of the radio­
active isotopes with ions of the added curriers is believed to be complete 
in hot acid solution. No evidence such as cross contamination or widely 
varying specific activity indicated that this wo.s not the case. Another 
reason for carriers is to minimize adsorption on precipitates. 

A description of the separation of the elements into three groups 
will be presented, followed by a discussion of specific methods for individual 
elements. 

1. The Germanium, Arsenic, Selenium Group. 

These three elements may be distilled from 9 N hydrobromic acid and 
bromine o.s the bromides. An alternative is to sublime-the arsenic before 
dissolution in nitric acid. mwn this is done arsemic o.nd radiosolenium 
separate from the other ro.dioolements. Germanium mo.y subsequently be sepo.r­
a ted from the residue by d istilln tion vri th hydrochloric acid. 

This group mo.y also be precipitated by hydrogen sulfide in aoid solution 
o.nd subsequently dissolved in ammonium hydroxide. The clear filtrate will 
contain only the thio-so.lts of germanium, arsenic, o.nd selenium. 

2. Iron and Gallium. 

The so o lome nts are readily extracted into ether, from 5. 5 to 6 N 
hydrochloric acid. Iron must be in the ferric s to. te. Wo.shing the organic 
lnycr with more hydrochloric o.cid removes other groups which extract to o. 
los so r extent. 

3. Chromium, J~ngo.nosc, Cobalt, Nickel, Copper, and Zinc. 

This group co.n be separated from the first by the usc of ammonium 
sulfide. The sulfides o.re usually dissolved in concentrated nitric o.cid 
in the presence of solid potassium chlorate, o.nd subsequent procedures 
sopo.ro.to the elements one at n time. 

s/ll/49 
:P-18-149 
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Diagram of Separation Procedures~ 
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~e_Jpts from Thesi~ 011 Characteristics of Bismuth Fission with 

~-gh EnergJr. Particles - (UCRL 251) - Robert H. Goeckermann 

Introduction: 

The yields of nuclides resulting from 190 Uev deuteron fission of 
bismuth were determined by studying the activities of 27 elements from 
Z = 20 to Z = 63 ---- Ca, Cr, Fe, Ni, Cu, Zn, Ga, As, Se, Br, Rb, Sr, Y, 
Zr, Cb, !-·~o, Ru, Pd, Ar;, Cd, Sb, Te, I, Cs, Ba, Ce, and Eu. 

Bombard~~_!_T_~;:_h~~s._u_e_: 

The circulating beam of the 184-inch frequency-module. ted cyclotron was 
used almost exclusively because its intensity is much greater than the de­
flected beams. The average beam is of the order of one microampere, but 
neither it nor its day-to-day variations were measured or known accurately. 
Th:;refore it wa§9necesso.ry to use an internal monitor--in this case 67 hr 
? -emitting l'1b ---in each b§~bardment and measure all yields relative to 
it. The absolute yield of Ho -~as later determined using a deflected col-
lima ted measured beam ( 3. 0 x 10 p.a) of 190 Uev deuterons. 

Bismuth strips 0.1 x 1 x 3 om were machined from an.ingot obtained from 
the ~nerican Smelting and Refining Company. Spectrographic analyses showed 
the absence of any impurity that might interfere with the measurements. 

Chemical Procedures: 

The irradiated portion of the bismuth was dissolved in hot 6 ! HN0
3 

and 
stored in a closed calibrated glass container. Aliquots of this solution 
were used for the study of the o.cti vi ties of a particular element. Liter 
amounts of carrier solutions had been prepared, by weighing out some suitable 
compound to contain 10 mg/ml of the element. (A few of these carrier solutions 
have been standardized and found to be accurate 1'tithin 10%.) One, or two ml 
of this solution of an element was added to the aliquot of the bismuth solution 
as carrier for the radioactive isotopes present, precautions to insure exchange 
of o.ctive and inactive a toms taken in some cases, and the element purified 
from all others which would interfere in the radioactivity measurements. 
Re-.dioacti ve isotopes of most of the elements up to astatine are probably pro­
duced to some extent but the predominant fission products are in the calcium 
(20) to europium(63) region and the predominant spallation products are in 
the hafnium(72) to astatine (85) region. From the determined fission cross 
section it is estimated that the yield of spallation products is several 
times us great as the yield of fission products. Part or all of the purified 
element was then precipitated as a weighable compound, filtered through a 
Hirsch funnel on a tared ..v 1 em diameter filter paper and the chemical yield 
determined. The filter paper is washed and dried like the prec ipi tate it will 
carry prior to taring. Nb st of the chemistry used was adapted from fission 
product procedure reports to appear as part of the National Nuclear Energy 
Series. The procedures are outlined here primarily because no compilation 
of them is yet generally available. The amounts of scavengers used are only 
approximate. All precipitates were separated by centrifugation except the 
final one in each co.se. 

8/11/49 
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Exerpi:E from Thesis on Uuclear Reactions _in Antimony with H:ij;~ 

,E,nergy Pa_rticl~ - (UCHL-143) - ~tlnfred Lindner 

Irradiation with 200-lv}:lv deuterons and 400-Mev alpha particles from 
the 184" cyclotron has, in general, given rise to so large a number of 
radioactive products that rather elaborate chemical procedures had to be 
worked out in order to identify these products. ·Thus it has been found in 
the case of antimony targets that activities were produced which differ in 
mass from the target atoms by 36 units, and in atomic number by 15 units. 
Of course, a multitude of isotopes in b,etween these limits was als·o formed. 

The elements listed below include those which were identified from the 
complex mixture of spallation products of high-energy deuterons and alpha 
particles of the 184 11 cyclotron: 39Y, 

40
zr, 

41 
Cb, 42 Ifo, 43Tc, 44Ru, 45Rh, 

46Pd, 4~g, 48 cd, 49 In, 
50

sn, 51Sb, and 
52

Te. Zr, Co, and Tc were no~ 
1nvest1gated, and rfiodium provea too diff1cult to remove from the complex 
mixture. However 1 the remaining elements 1 Y, Mo, Ru, Pd, Ag, Cd 1 In, Sn, 
Sb, and Te were investigated. Since many of the products of lower atomic 
number (Y, I\1o, etc.) were found to be formed in exceedingly lmv yield, it 
wns necessary to effect complete separation of o. given element follO'Ned by 
several rep~rification steps. A known weight of carrier (usually twenty 
milligra.."'!ls in the form of a solution of a readily soluble salt) was always 
added to the gross mixture of activities before chemical separations Were 
made. This procedure insures against the adsorption of any tracer activity 
on foreign precipitateso The following procedure was found to work satis­
factorily for the separation of those elements listed in table I except for 
Zr, Cb and Tc. 

The dimensions of the re ta.llic antimony targets were about l nun x 2 nun 
x 30 nun, weighing about 0.45 grams. 

The procedures given below serve to isolate a given element in a state 
free from any contaminating activities. In ~ny instances, the procedures 
were not suitable to the determination of periods of the order of one-hour 
half-life, due to the tire involved in separation and purifica.t ion. In 
such instances, it was usually necessary that initial efforts be concentrated 
in isolation of such a short-lived activity or that the chemical procedure 
be shortened if the separation and decontamino. tion from other e lemmts is 
not seriously impaired. 

8/11/49 
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~rpts from Thosj_s on Ro.dioactivi ties Produced in, the Platinum Group by 
-Bo.mbD.~rdmcnt of Urunium-wfti140cr·lleV1feYiuni-Ions ---

(UCRL-123) - Richard D. Wolfe 

Abstract: 

The purpose of the investigation wo.s to determine the yield of 
rudioa.ctivities of the pla.tinum group metals (ruthenium, rhodium, pc.llctdium, 
osmium, iridium, a.nd plo.tinum) produced when na.tura.l uronium is bombarded 
with 400 I::cv helium ions. The rea.son for interest in tho yields of these 
mctn ls is tha.t the la.st three lie in n region where the plot of yield vs. 
ma.ss number ma.y cha.nge from o. fission-yield curve to o. spo.llo.tion-yiel~ 
curve. In a.ddition, the first three lie in o. region which should indica. te 
whether the center of the curve ho.s a. dip (a.s does the slow-neutron fission­
yield curve), or a. single mo.ximum indicating symmetricnl fission (o.s in 
the ca.se of bismuth o.nd thorium). 

]indiochcmistr~f the Plntinum Elements 

·The chc~istry of the six platinum elements 4~Ru, 45 Rh, 46Pd, a.nd 76os, 

77 Ir, 8Ft is notoriously complex. Their sepo.ro.t1on, purifico.tion, o.nd 
quo.nti~a.tive dctcrmino.tion is n cla.ssico.l ~roblom of long sto.nding. The 
electron configuration of the first throe partially fills tho 4d orbit, with 
the possibility of o.dding 10, 9, a.nd 8 electrons respectively for ruthenium, 
rhodium_, a.nd po.lla.dium in order to fill out the 5s ::md 5p orbits o.nd form 
the sto.ble noble-gus configuration of 54xe. Similo.rly, osmium, iridium, 
o.nd platinum po.rtiully fill the 5d orb1t, o.nd can o.dd 10, 9, o.nd 8 electrons 
respectively, filling the 6s o.nd 6p orbits to a.tto.in the noble go.s structure 
of 86r~. Because of this electron structure,o.ll six elements enter into 
a. vast number of coordina.tion complexes, with almost o.ny radical or element, 
cho.rged or neutral 1 which can furnish o.n unpaired electron. Their chemistry 
is thus cho.ro.cteri~ed first by extensive complex formo.tion in which o.ll 
six boho.ve very similo.rly a.nd o.re therefore difficult to separate; nnd 
secondly by difficulty in getting the clements into solution, and once they 
nrc in solution, further difficulty in getting them quo.ntito.tively out of 
solution. 

A number of sa.tisfactory schemes o.re presented in the li~ernture for 
quo.ntita.tivc a.nd quo.lito.tive determina.tion of these clements. However, 

-----··- ----·----
4. Anc.lysis of Pla.tinum Metals, Bur. of Standards Sci. Po. per No. 532 

11936); Jour:. of Res. 3, 993 (1929). 6, 421 (1931), 9, 547 (1932); 
Jour. Am. Chern. Soc. 48, 2493, 2507 (1926), 51_, 175 \1929), 52, 42 
(1930); Ind. o.nd Eng.l:hem. Ano.l. Ed. 8, l4l-rl936), 9, 420 \1937); 

Am. !Jinero.l 22, 1016 (1937); tlicrochenl. ~~ 20 (1938)7 

those schemes nre gencra.lly ina.pplicablc, without extensive modification, 
to fission product procedures. In the first plo.co, the clo.ssic methods 
aim o.t separo.ting the plo.tinum meto.ls from orcs or na.turo.lly occurring 
sources, whore contaminating substnnces are relatively few, o.nd arc fo.irly 

P-18-208 
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well kn01:m o.s to type. Secondly, ·these schemes nim a.t qoontitntive deter­
mina.tion of the platinum elements, entniling precise, time consuming, 
cumbersome, o.nd involved chemical procedures. 

The fission product procedure for these ~laments ho.s a. different a.im. 
Although 100)~ recovery of the six elements sought .is not required provided 
their chemical yield ca.n be ascertained, decontam~nation factors from other 
radioa.ctive elements must often be o.s large cs 10 and sometimes larger, 
since a.ctivities in osmium, iridium, and pla~inum are very low compared to 
activities of contaminants. In o.d~ition, separation must be made not from 
a few known elements occurring with these meta.ls in natural ores, but from 
the mo.jority of the elements in the periodic table. Fina.lly, the sepa.rutions 
performed must be relatively specific and rapid, in order to. permit obserw.­
tion of the shorter-lived periods. 

·.ri th the foregoing requirements in mind, the li tera.ture was surveyed for 
reactions which might be combined to achieve the separations desired. Fission­
product procedures for ruthenium and po.lladil.lm o.re exto.nt. Thc.t developed 
for rhodium was insufficient, in that no sepa.ration from iridium had been 
provided for. No fission-product procedures existed for osmium, iridium, 
and platinum, although the standard qualitative method of distilling osmium 
tetroxide seemed o.daptable to the requirements. Thus the separation of 
iridium, rhodium, and platinum comprised the chief problems. 

15 seemed likely that the pyridine separation for rhodium developed by 
Ba.llou might be adaptable also to iridium, since the two me-tals behave almost 

5. Ballou, N. E., Plutonium Project Report CN 1312, An-X (ruby 1945). 

identicall~ in their chemical reactions. Further reference to the old 
literature established the existence of a number of pyridine complexes 

----.· ______ __._. __ ,..,._ .. _ ---------------------
6. Dsle'pine, li., Compt. Rend. 146, 1267 (1908), 153, 60 (1911); Bull Soc. 

Chim. (4) 3, 906 (1908), (4T9, 710, 771 (1911}; Ann. Chim. Phys. (9), 
7, 277 (19T7), (9) 19, 5, 145-(1923); A. Gutbeier und D. Hoyermann, 
Zeit. Anorr;. Che171. 89 1 340 (1914). 

--~·~-~-----------------w--------------------------
of iridium. After many weeks of trial and error. the proper conditions 
were discovered for simultaneous formation of pyridine complexes of rhodium 
and iridium, and for their extraction into excess pyridine. The method was 
finally tested using active iridium as a tracer, to prove the re'sul ts. 
The method is pnrticularly elegant since it. separates in one step from the 
bulk of uranium in the solution, and from a.ll of the non-platinum group 
fission products except silver. Subsequent separation of rhodium fr9m 
iridium wns achieved by adapting the method of Gilc?-rist o.nd Tiichers , 

7. Gilchrist, R"~ o.nd E. i'fichers, Jour. Am. Chern. Soc.~· 2565 (1935). 

-·---------------
precipitating rhodium metal from the boiling sulfate solution by addition 
of ti tanous chloride 1 leaving ·the iridium in solution. 

P-18-209 
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Based on the use of ethyl ucet~te to extract plntinum8, a number 

8. Wobline;, H., Ber. E_, 773 (1934). 

of experiments vfere performed to determine optimum conditions for pla. tinum 
extrnction. Glenn extro..ction of pl~tinum reduced by stannous chloride wa.s 
attained above four normul acid concentration. Butyl o.cetute wus found 
preferuble to ethyl ncetuto becnuse of lower water solubility. 

The target for ench bombardment cons is ted of o. small strip of ura.nium 
metal, of natural isotopic composition, 0.04 inches thick nn.d about tl'vo 
inches long. It was mounted on u copper holder, which wo.s inserted on u 
probe into the vacuum chnmber of the cyclotron such thnt the bourn struck 
the lending edge of the target perpendicular to the metal strip. After 
bornbnrdment and removul of the target from the copper backing plate, the 
unbornbo.rded portions were cut off in order not to encumber the chemistry 
with too much inuctive·muterial. It wus found desirable to clean the 
turget in nitric ncid. ~nd keep it in un evacuated desiccator until just 
prior to bombardment, to prevent formation of the difficultly soluble oxides 
of urc.nium. 

Chemical yield was determined in each case by adding a known amount of 
sto..ndardized currier at the start (en 20 mg for each element), and by determin­
ing the weight of ouch element recovered. Osmium, iridium, plutinum, ruthen­
ium, nnd rhodium wore determined us the elements by precipitation with 
mugnesium. Palladium wns determined us Pd(C4H2N2o2 )~, the pnlludium compound 
of dimethylglyoxime. Barium is determined us Bo.Cl2 •nzo· . 

8/13/49 
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!e..a_l}_::l!ion of Coyper with_ 350 Mev Protons - _E:..~ E. Batzel 

The bombarded copper foil is usually dissolved in the minimum amount 
of concentrated nitric acid. Known amounts of carriers are added and 
precipitations are carried out from this solution. The known amounts of 
carriers are added in order that a quantitative.estimation can be made 
as to the amounts of original carrier lost during chemical separations, 
this being also a measure of the amount of radioactivity lost. 

In general the degree of chem~cal purification necessary depends on 
the yield and counting efficiency~~he specific isotopes formed during 
bombardment. If the isotope is fo rm.ed in high yield and has a high 
counting efficiency the degree of chemical separation need not be too h,igh, 
but i.f the element is formed in low yield or has a low counting efficiency 
special precautions must be taken. To increase the degree of radiochemical 
purity holdback carriers are added. The holdback carriers diiute the 
acti~i~J of any elemental fraction which has a tendency to co-precipitate 
or occlude during precipitation. Another method of inoreasine; radiochemical 

·purity is the use of scavenging agents. r!ith the desired element in 
solution under conditions which will precipitate one or more of the possible 
contaminants, small amounts of carriers for the interfering elements are 
added and repeated p~ecipitations made. 

In order to remove the majority of tl1e solids from the solution, the 
copper is precipitated from a 1 N HCl solution free of oxidizing agents. 
Sulfide precipitations can be used as a volume reduction step since most 
of the elements be low copper ·which are of interest are insoluble in ammonical 
sulfide. The chemical pro~dures are usually adapted to meet specific 
conditions depending on the order in which elemental fractions are to be 
removed. 

The follovdng is an example of a separations scheme for one specific 
bombardmento 
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"SEPARATION PROCEDURE 
General .., 6 (pa.g~ ~) 

Copper Foil 

Dissolve in HN0
3

, 
distill c12 

1-----~----t, Cl colloct i•n 
H262 and KOH. Ppt 
AgCI and reppt 

add carriers in 
iN HCl and H2S 

__ ___,.!:?.S.!d.tu~nEe~· r~~.W:n:aul t~~e---------1--------~" CuS - dis so 1 ve cone. 
NH

4 
OH and H

2
S ~ HN03 - HCl to get 

rid of mro3 • Reduce 

supnt. 
Cu SCN ppt)reppt as 
CuSCN 

l 

'I 
scavenge and ppt Ca 
as cac

2
o

4
,reppt with 

additional scavenge 
~ extract 

I . 
pH 2.5 

extract So 
TTA 1 

ppt ZnS from hot 
acetic acid - reppt 
as ZnHg(SCN)

4 

6 N HCl 
extract-Fa 

Fe 
extract into H2o 
make 6 N HCl and 
and re-extrac t 

re-extract 
sa 
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sulfides 
treat with 1 N HCl 

sulfides J 
dissolve fuming HN0

3 
-

add supnt from HAc -
boil, make 12 - 14 N 
EN03 - ppt ]JJ:n02 

supernate 
1 ,!! HN03 

r 1 
H2o2 extract 
Cr wash with HzO 

reppt Un02 

.++ 
Cr- finally as 
BaCr0

4 

from hot 3 N HAc 

L 
Ni as NiDMG from acetic 
acid soln. dissolve in 
cone HCl reppt and weigh 
as NiDNG 
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General.. 7 

Fission and Sualla tion of Uranium with High Energy Particles - R. Folger 
-~----..::..r. ..... ··-·=:......:..;;;......;;.;;...:;;.:.;;..;.;;;;;.;._...;;;..;.___;..:.t---~~-----------....>;:-

General Remarks: 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

8/15/49 
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By proper choice of solvents, a number of elements may be removed 
from a single target soln., e.g., when looking for Os, I, and Br 
the target should be dissolved in HCl (No3- excluded.) After 
solution, these elements may be dis tilled from aqua regia by add 'n 
of HN03 and heating. 

Vmen looking for Ag, Ge, Sr,,the target should be dissolved in 
cone. HN03• 

Ppting uranium by passing in NH
3 

removes a large group of elements 
in the form of ammonia complexes (Co, Ni, Cu, Ag, Cd, Pd) 

The degree of purification needed depends upon the half-life and 
the relative fission yield of the isotope sought. 

Holdback carriers are added to reduce contamination by diluting 
the activity mechanically carried along.' 

Scavenges are useful both to mechanically adsorb n~rrnally insoluble 
compounds present in trace quantities and to}88r~i~ contaminants. 
Good scavenging agents,easily Pftd completely,are Fe(OH)3, AgCl 
from 4 N HNO~, CuS from 0.5 N H • 

- v -

Where chemical considerations permit it is usually helpful to add 
carriers for all elements sought directly to tho original target 
soln. The aliquot taken for a particular element is then measured 
by the chemical yield of that element. In the case of Ag this 
procedure is necessary because trace quantities of this element are 
rapidly adsorbed by glass. 
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Exerpts from Pr.pe1 on 11 1'he Fission of Thorium with Alpha Particles" 

(Phys. Rev. ~ 17, 1949) -Amos S. Newton 

Experimental Method! 

The thorium used in the bombardment was special purity thorium mctn.l 
produced by the group at the Atomic Research Institute at Iowa State 
College. ·In a long bombardment, designated as Bombardment A, of 3020 
~ah of 39-1~v helium ions (impinging energy as estimated by Dr. J. G. 
Hamilton) on the Crocker I..nboratory cyclotron, a 3 1/2-inch diameter 
thorium backing pla.te 1/8 inch thick ·was used. After bombnrdment,n 
rndioautograph of the disk was made to determine the active urea. The 
activity was then removed by milling thin layers from the active oxen. 
using a milling set-up in which the millings could be quantitatively 
collected. Eleven layers, varying from 1 to 3 mils in thickness, v.rere 
removed from this target so the fission product distribution and the 
excitation curve for fission could be determined. Tho milling removed 
about 95 percent of the total beta- and gamma-activity from the target. 
In addition to this~ three shorter bombardments of 24-hour, 2-hour, 
and 4-hour durntion, designated as bombardments B, C, nnd 2' respectively, 
were obtained on thorium foils of thickness about 30 mg/cm using the 
interceptor set-up of the Cr~cker cyclotron. In these cases it was 
assumed that all of the 2-cm area of the interceptor received bombardment. 

The technique used in determining the fission yields ·was the standard 
chemical technique as used on the Plutonium Project. The bombarded sample 
was dissolved in either hydrochloric or nitric acid, a small amount of 
ammonium fluosilicate being added as a catalyst. The solution was diluted 
to a lmo1vn volume and stored in Lusteroid tubes inside a glass tube to 
prevent loss of activity by adsorption on glass and e·vapora tion of the 
solution. Aliquots were taken for determination of each desired element. 
In each fraction, carrier was added for the element to be separated, and 
the clement chemically separated a.nd decontaminated from other activities. 
The element was then precipitated in a sui table form, we ig:hed, and the 
chemical yield determined. Tho samples were mounted on cardboard, covered 
with Cellophane, a.nd counted on the second shelf of a standard counter 
set-up. 

In all bombardments the 300-hr. Bo.140 was separated in order to offer 
a rou~h check on tho bombardment. The chemical methods used in the 
isolation wore modifications of those developed for the fission products 
by the Plutonium Project. 

8/16/49 
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~edurcs for Fil tori~ Dryin~, VTeighing and 
Mounting Precipitates 

Amos S. Ne,·vton 

The following p:,·ocedures arc. useful in methods v1here o. sui table aliquot 
of thG bombarded mo.);erial is taken so that the entire precipi to. tc of tho clement 
desired co.n be coun•;;ad. 'Ibis is the most o.ccuro.te procc;durc for determining 
chemico.l yields on~ allows maximum usc of the original bombarded material. 
A known amount of eo.rrier is added to the aliquot of the original solution, 
the element chcmicnlly purified~ and precipitated in a. suitable form. 

Precipitates which are crystalline or in other eo.sily filtered forms 
can be filtered on a. Hirsch funnel (Coors size 00 or OOoA are suitable). 
A to.red piece of fil tor pape ·. l 3/16 11 dio.metor (a half dollo.r can be used 
o.s a form for cu~ting filter paper) is placed in the bottom and the proci­
pi tate transferred to the paper. and distributed evenly on tho paper with a. 
trans fer pipeti7.J, being co.::-e ful not to o.llow the prec ipi ta to to run off the 
edges of the paper. Any washing liquids can be transferred to the filter 
paper in the S11.1ne manner. 

Precipitates are dried by evacuation or in the 110° oven. In general 
those precipi•cates which form hydrates arc dried by evacuation using a standard 
procedure for a given precipitate which has been shovm to give the desired 
hydrate. Oven drying or longer evacuation of such precipitates should be 
avoided as the com:Josition will be different. Tho filter paper should be 
trca ted wi tn the so.mo reagents, washed, and dried in the same mn.nncr as the 
finnl preciritate, and weighed in order to ect tho tared weight of the paper. 

Since filter paper tnkes up water rapidly after drying, it vlill gain 
weight rap1dly on the balance unless means are ta.l~en to avoid o.tmospheric 
contact. A suitable weighing container for these filter papers can be made 
by grinding the lips of "t'No thin 50 nun watch slasscs flat with 200 mash 
carborundum against a flat piece of glass, being careful to rotate p~ssuro 
points during grinding to keep the ground area. perfectly flat. These are 
then fitted together to form a small chamber. The uptake of water by a fil tor 

paper disc in this should not be over 0.1 mg/10 minutes while a weighing 
should be completed within 2 minutes after tnking the paper from tho vacuum 
desiccator or oven. It is both unnecessary and undosir~ble to put the watch 
(!:lass weighing chamber in tho oven or dosicca tor. If it is left in equilibrium 
vlith the balance case o.t o.ll times weights vrill be mqrc reproducible. Al.so 
of course one should avoid chipping the edge of tho watch glasses between 
taring 2. fil tor paper and the final weighing. 

A convenient method of mounting is to mount the so.mple in the center of 
a sto.ndard 2 1/2" x 3 1/2" cardboard card. It is held in place by a piece 
of 2 1/2" x 2" scotch tape in which a cellophane window 1 3/16 11 diameter 
has boon mn.dc, being careful to place the window di2ectly over the s·o.mple. 2 
The collophane ho.s o. thickness of onzy rv 2.6 mg/cm compared to rV9.6 mg/cm 
for thin scotch tape and "-.J 13 mg/cm for the 2 11 wide material. 

P-18-195 
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Tho scotch tape with cellophane windows can be prepared o.hoo.d of time 
as follows. A piece of scotch to.pe 2 1/2 11 long is cut from o. 2" wide roll 
and plo.ced sticky side do·wn on a. piece of plo. to glass. The hole 1 3/16" 
dio.meter is then cut with a. large cork borer (one can be made from the holder 
for 50 ml centrifuge cones if a suitable piece of brass tubing cannot be 
found). The center hole is lifted out, the outside section lifted up and 
placed over a. piece of cellophane 1 3/8" diameter so tho.·(; the cc llopho.nc 
is even all around tho hole. When one corner of this sample cover is 
stuck to a. bottle for storage, it will keep for about 2 weeks before tho 
stickiness of the scotch tape is lost, probo.bly due to drying out of the 
a.dhesi ve. 

Precipitates which arc ignited (Sn, Zr) arc filtered on ashless filter 
paper and i~nited in a. percelo.in crucible. Tho material is then co.rcfully 
transferred to a to.red pn.per, carefully spread and weighed. The paper is then 
moistened with a few drops of dilute collodion .in other to hold the ppt 1n 
place. It is then mounted like o.ny other precipitate. Only tho.t material 
which is mounted is weighed as tho chemical yield determination is made on 
tho nntorio.l which is counted. 

Examples of Drying and 1ifoighing IIL'Cthods 

Ppts dried at 110° 
~~-_Ppt. 

Ag Ag;Cl 

Br AgBr 

I Agi 

Mo Ag2Mo0
4 

Pd Pd(dimcthyl 

Cs CsCl04 
To To (metal) 

Ru Ru (metal) 

Cd Cd:t·UI4Po4 .~0 

glyoximo) 

Ppts ~riod by o~c~o.tion 

ElcmcYaJ.t Ppt. 

Sr Src
2
o4 

Ba. Bo.Cl
2 

Rare earths n.E. 2 (C204 )3 

8./16/49 
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Ti~?. __ (min.) 'dr;y:~E._CJ__ 

10 

10 

10 

15 

10 

10 

10 

10 

10 

Time Evucua tion 

(2 min. ,rc lease, 5 min.) 

(2 min., rc lease, 5 min.) 

(2 min.,relca.so 1 2 min.~ 
release, 3 min.) 

~gh n.s 

AgCl 

AgBr 

Agi 

Ag
2

Mo0
4 

Pd(C8N40
4
H17 ) 

CsClo4 
To 

Ru 

CdNH4Po4 ~~0 

~Toigh a.s 

Src
2
o

4 
.H

2
o 

Bn.Cl
2 

.H
2
o 

Ln2 (c2
o

4 
)
3 
~8H2 0 

Co 2 (c2o
4 

)
3 

.lOH
2

0 

. Pr 2 (c2o
4 

)3 .9H20 

y2 (C204)3. 7II20 

Eu
2

(c
2
o

4
)
3

.lOH
2
0 
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CHEMICAL SBPARAT IONS 

Element separated: Sodium Procedure by: D. B. Stewart 

Target material: Aluminum alloy Time for scp 1n: r-J 8 hrs. 
95% Al, 2.25% M~, 0.25% Cr(+Fc & Cu) 

Type of bbdt: 184 1 deuterons Equipment required: Centri­
fuge cone, beaker 

Yield: ""'- 60% 

Dc~ree of purification: 104 from Al, others unknown 

Proc0durc :· 

(1) 

(2) 

(3) 

(4) 

8/24/49 
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Dissolve aluminum in 6 N HC1. Add 50 mg Na and 10 - 20 ng cu 
carriers. 

Precipitate Al(OH)
3 

with slight excess of 1m
4

oH. Centrifuge, 
pour off supernatant. Dissolve first precip~tate in HCl and 
repeat, adding the 2nd supernatant to tho original. 

Saturate solution with ~S to precipitate CuS and remaining Al 
as Al2s3• Filter or centrifuge. 

Acidify filtrate with HCl or HN0
3 

and evaporate to dryness. 
NH

4
+ salts can be quickly destroyed by boiling with a 1:4 HC1-mm

3 mixture. Residue is mixture of NaCl and Nu 2so4 • 
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CHE1HCAL SEPARATIONS 

Element separated: ~gnesium Procedure by: D.- B. Stewart 

Target material: Aluminum alloy Time for sep'n: 4 hrs. 
95% Al, 2.25% Ll~, 0.25% Cr(+Fc & Cu) 

Type of bbdt: 184 1 deuterons Equipment required: Beakers, 
fi 1 te r funnels 

Yield: 90-100% 

Degree o£ purification: 4 10 from Al and Cu 

Procedure: 

(1) Dissolve aluminum in minimum dilute HCL Add 25 mg Ug and 5 mg 
Cu carriers. Dilute to about 0.3N- HCl. 

(2) Saturate solution with H
2

S to precipitate CuS. Filter. Wash 
procipi tate with 0.1 !!, - HCl containing a little ~S 

(3) 

(4) 

8/24/49 
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Boil filtrate to expel H2S. Volume of sol'n should be greater 
than 50 ml (or to give rJl mg Mg/2 ml solution). Add 2-5 g 
tartaric acid, or slight excess over tho amount required to 
complex the aluminum. Neutralize with NH 

4
oH and make just 

acid with 1 drop of HCl. Warm slightly. 

Add 2 g (l\lH 4 ) 2HP0
4
/100 ml solution a.nd :NH40H dropwise YJitn 

stirring, until neutral, and then 10 ml cone. NH
4

0H/100 ml 
solution. Let stand 1 hr. or more to allow fo~tion of 
Mg (NH

4 
)
2

Po
4

• 
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CHEMI GAL S EP.ARA TIONS 

Element separated: Phosphorous Procedure by: Batzel 

Target material: Cu Time for st::p'n: 2 hrs. 

Type of bbdt: .\11 18111 and 60 11 Equipment required: Standard 

Yield: 60% 

Degree of purification: Factor of 100 from all activities present except 
vanadium. Probably fac.tor of 50 from v. 

Procedure: 

(1) 

(2) 

-3 Dissolve target in HN0
3

• Add 5 mg P as P0
4 

and neutralize 
most of froo c..cid with NH

4 
OH. 

1•.hkc l N in HN0
3 

and add ammonium molybdate to tho warm solution 
(50° C )-(add 6 ml of molybdate for overy .. 4 mg of P). 

(3) Allow to settle for 15 minutes. Centrifuge and wash vd th 1% HN03 • 

(4) 

(5) 

(6) 

Dissolve w:i th NH OH citra to solution and add HCl until tho ppt 
that forms dissoivos with difficulty. A.dd 5 mg vnnadium holdback 
carrier. 

- ++ Bubble so
2 

through the solution to roduco vo
3 

to VO • 'Add 2 ml 
of cold ~~c12 mixture - allow to settle 5 minutes and add cone 
NH

4 
OH until solution is 1/4 of original volume. Allow to settle 

for 15 min. Con trifug~ and wash pr~cipi to.~ with 1:4 NH4 OH:H20. 

Add 5 mg vanadium holdback carrier o.nd repent stop (5). 

(7) Dissolve ppt in 1 !HN03 • 

(8) Repeat (2) and (3). 

(9) 1\l'eigh as ammonium phosphomolybda teo 

Ref. Scott's Standard Methods of Chemical Analysis, Vol. I, page 694. 
I. M. Kalthoff & Sundell, E.B., Textbook of Quantitative Inorganic 
Analysis, po.go 368. 

Rennrks: 

,.5 
Vanadium co ppts with phosphorus if it is in V sta to. It should be 

++ reduced to VO s to. to & the cycle rope a ted two times in o rdor to remove 
vanadium completely. 

8/24/19 
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CHEHI CAL SEPARA r IOHS 

Element separated: Chlorine Procedure b;y: Batzel 

Tcrget material: Copper Time for sop'n: 30 minutes 

Type of bbdt: All - Equipment required: standard 

Yield: 60,% 

Degree of purification: 103 

Procedure: 

(1) Dissolve the copper in concentrated HN03 containing 5 mg of chlorine 
currier (1-2 ml concentruted HN0

3 
for 0.1-0.3 grams copper foil) 

(2) Distill tho chlorine into a centrifuge tube conto.ining 2 cc of water, 
2-3 drops of concor.truted HN0

3
, and sufficient AgN0

3 
to precipitate 

the chlorine us AgCl. 

(3) Heu·l:i almost to boiling, centrifuce the precipitate and vmsh vd th 
3 co of 2.~ HN03 • 

(4) Dissolve the AgCl in 3 co of 5! NH
4

0H and add a drop of holdback 
carriers from standard 10 mg/ml solns, for Cu, Ni, Co, Zn, Fe(udd 
c.s ni tru tcs or sulfates) and then c..dd 2 drops of 0. 5 N KI. 

(5) Centrifuge and wash the precipitate with 2 cc of 5! NH
4

0H. Add 
the wash to the supernate and add excess AgN03 to precipi to. te the 
excess iodide (5 drops of 0.5! A3N0

3
). 

(6) Centrifuge and wash as before saving the supernate and vvash. 

(7) W.:ake acid with Hlif0
3 

to precipitate the AgCl, centrifuge, and· vvash 
tho prccipi tate tvlflce with 3 ml portions of 2 ! HN03 • The preci­
pitate can be plated directly or dissolved in NH

4
0H and an aliquot 

taken •. 

Remarks: If an appreciable amount of copper is to be dissolved the heat of 
reaction may drive the chlorine carrier into the receiving vessel before 
the copper is completely dissolved. If this occurs add 2.5 mg of chlorine 
carrier as chloride to the water in the receiver and after the copper is 
in solution add an additional 2.5 me to the copper solution and distil 
us stated above. In case bromine is present it may be removed by making 
the solution 0.5 H in HN03 before precipitation, adding 5 mg of' Br­
carrier, 0.25 grams of' ammonium persulfate and boiling, thus oxidizing the 
Br- to Br

2 
and volatilizing. The solution should then be reduced with 

hydrazine and the chlorine precipitated as AgCl. 

7/12/49 
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CHEMICAL SEPARATIOl~ 

Element separated: Potassium Procedure by: Brooks 

Target material: LiCl Time for sep 1n: 1 hr. 

Type of bbdt: alpha 20-60 Mev Equipment required: Small 
centrifuge tubes, 72% 
perchloric acid 

Yield: Quantitative is possible 

Degree of purification: Radio chemically pure possibly. 

Advantae;es: Simplic:. ty and speed.. 

Procedure: 

(1) 

(2) 

(3) 

(4) 

.Dissolve LiCl in about 3 co water add KCl carrier (""" 20 mg) 

Add ~ 5 cc of 72% HC10
4 

and cool in ice. 

Centrifuge. 

The KC104 may be recrystallized as many times as desired 
by heat1n~ it to~ 90°C with 1 cc of 72% HC104 and then 
cooling in ice. 

Remarks: 4 recrystallizations can be made in 1 hour of chemistry. 
About. 1/2% i~2 lost per recrysta.ll ization by doing it this fast. 
A trace of P sometimes was not removed by this chemistry. 

NH
4

+ salts interfere. Separation from Na is good. No Rb or Cs 
contamination was found. 

6/16/49 
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CHEMICAL SEPARATIONS 

Element separated: Potassium 

Target material: LiCl 

Type of bbdt: alpha 20-60 Mev 

6 5 
19-2 

• 
Procedure by: Brooks 

Time for sep'n: 40 min. 
or less 

Equipment required: Napthol 
yellow S reagent 

Yield: 50% or more depending on speed required. 

Degree of purification: Radiochemically pure is possible. 

Advantages: Fast and simple 

Procedure: 

(1) Dissolve LiCl in V" 5 cc of H
2

0 

(2) Add 10 cc of Napthol-yellow-S (5% solution) cool and centrifuge. 

(3) Recrystallize from about 5 cc of NYS 5% in ice. 

(4) The ppt can be dissolved quickly in water or weak acid. 

(5) Scavenge with Fe(OH)3• 

Remarks: NH4+ salts interfere 

6/16/49 
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CHEHICAL SEPARATIONS 

20-1 

Element separated: Calcium Procedure by: Goeckewmann 

Target material: V'llg Bi metal Time for sep'n: Few hrs. 

Type of bbdt: 16411 bbdt all particles Equipment required: Centri• 
fuge 

Yield: V'\ 20% 

Degree of purification: 30 c/m of Ca. sepa.ra ted from \,/"\a millicurie of 
fission and spallation products. 

Advantages: Separates Ca from all other elements. 

Procedure: ~ 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

.. (9) 

(10) 

(11) 

(12) 

6/27/49 
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To aliquot of I1N0
3 

sol'n of Bi, add 20 mg Ca and 10 mg each of 
Ru, Cb, Fe, & ~. N'10.ke 0.5 !_!in HCl & ppt with H2s. 

Add 10 mg Ru & Bi to supn & repeat H2S pptn. 

Boil out H
2
S & ppt with NH

3
• 

Add 10 mg Fe & Y to supn & repeat NH~ pptn. 
u 

Boil down to ~ 5 ml, add 10 mg Ba & Sr, & ppt with cold fuming 
HN03 • 

Add more Sr & Ba to supn & repeat pptn three times. 

Add Sr alone & repeat two times more. 

Boil down to ~ 5 ml, add 5 ml sat (NH
4

)
2
c

2
o

4
, & make basic with 

NH3. 

Dissolve Cac
2
o

4 
ppt in HN0

3
, destroy c

2
o

4
= with KClo

3
, & make basic 

with 1m
3

• Add Fe, La, & Y~ centrifuge. 

Add more Fe, La, & Y to supn & repeat pptn., centrifUge. 

Repeat step (5) 

Boil supn.down to V\ 5 ml, make basic with NH, heat, add 5 ml sat 
(NH

4
)2c

2
o

4 
slowly. s·tir 2 min, filter, wo.sh ~hree times with 5 ml 

H20, three times with 5 ml 95% Et{)H, three times with 5 ml ether. 
Dry in vacuum dessicator -- 2 min. evac, release, 5 min evac. 
Weigh as Ca.c2o

4 
(32 mg pe·r 10 mg Ca.). 
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CHEMICAL SEPAR.ATIONS 

Element separated: Calcium Procedure by: Batzel 

Target rna terial: Copper Time for sep'n: 45 min. 

Type of bbdt: All 60 11 and 184 11 Equipment required: standard 

Yield: 95% 

Degree of purification: 10
3 

Advantages: Pure fraction with good yield. 

Procedure: 

(1) Dissolve the copper in the minimum amount of concentrated HN0
3

• 
Add few mg carriers (Zn and below) includjng Co. and make the solu­
tion ammonical with carbonate free ~m4oH. 

(2) Precipitate the sulfides with H
2
s. Add holdback carriers and scav­

enge with another sulfide precipitation. Repeat. 

(3) Boil to remove the H
2
s and make acid with oxalic acid. Add 5 ml 

of 4~~ (lffi4 )2c2o4 and allow precipitate to settle for 10 minutes in 
a steam bath. 

{4) Wash the precipitate with water containing oxalic acid and ammonium 
oxo.late. 

(5) Dissolve the precipitate in 6 N HN03 and add a crystal of KCl0
3 

to 
remove oxalate ions. 

(6) r~ke ammonical and scavenge 2 times with Fe(OH)3 • 

(7) ·Make acid with oxalic acid and add 3 cc of 4% (NH4 )2c2o4• Allow 
to settle for 10 minutes on a steam bath, 

(8) Centrifuge, wash, filter, and dry at 100° c. The precipitate is 
weighed as CaC 2o4.H2o. 

Remarks: 

(1) Sec Scott's Standard Methods of Chemico.l Ano.lysis ~ Page 210-211, 
Vol. I~ Fifth Edition, 1939. 

8/4/49 
P-18-133 
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CHEUICAL SEPARA TI ONS 

Element separated: Calcium Procedure by: Stewart-Softky 

Target material: Copper {up to 10 g) Tim for septn:: 4 hrs. 

Type of bbdt: Neutrons 18411 Equipment required: 
200 ml stainless steel beaker 
Pt stirrer electrode 
D. C. source 
200 ml centrifuge cone 

Yield: 60 - 80% 

Dbgree of purification: 
6 

10 from Cu 

Procedure: 

(1) Dissolve Cu in minimum dilute HN03 in a stainless steel beaker, 
add 10 mg Ca carrier as nitrate and 2-3 drops of cone. E2so4 • 
Dilute to 100-150 ml. 

(2) Electrodeposit copper at 2-3 volts using tho beaker as tho 
cathode and a rotating platinum anode. Keep the stainless 
steel bo~kor in an ice bath during the electrolysis. 

(3) When solution is watcr-1r1hite remove the anode and transfer the 
solution quick~.y to a 200 ml centrifuge cone. Neutralize with 
:NH

4
0H and make just acid vfith HN03 • "\"farm in a hot v.rater bath. 

(4) Add 20 g crystalline ammonium oxe.late and stir solution for 30 
minutes~ l:e eping it warm. Transfer to an ice bath and continuo 
stirring for another 30 minutes. 

(5) Let settle, and finally centrifuge. Pipet off the supernatant. 
Y\fo.sh Cac 2o

4 
with hot water containing a little (NH

4
)
2
c

2
o

4 
until 

wash solut~on is colorless. 

8/24/49 

P-18-265 
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CHEMICAL SEPARATIONS 
----~--··"'*'--·----......... 

Element separated: Scandium Procedure by: Batzel 

Target material: Copper Time for sep 1n: 1 1/2 hr. 

Type of bbdt: All 6011 and 18411 Equipment required: Standard 

Yield: 60% 

Degree of purification: Factor of 100 from other activities present. 

Procedure: 

(1) Dissolve copper in minimum amount of HNo3• Boil to remove excess. 
Add 5 mg of So and other carriers. Adjust to 1 N in HCl and treat 
"lti th H2S (CuS out). 

(2) Boil to remove H2S, add NH40H and NH4Cl till ammonical. 
and wash ppt witfi hot NH4cr solution. 

Centrifuge 

( 3) Dis so 1 ve ppt in HC 1 and make 6 N in He l. - Extract Fe 3 times with 
equal volume ethyl acetate. Add IV 3 mg of Fe carrier and again 
extract Fe. 

(4) IJo.ke tho pH of the solution 2.0 and extract vrith equal volume TTA 
(5 ml of 0.5 111 in benzene. ) Shake for 10 minutes. '\"!ash TTA layer 
with three 4 ml portions of water. 

(5) Extract into 1 N HC1 ·with tv1o 3 ml portions. 

(6) Ppt the Sc as hydroxide with NaOH. Wash with ~0. Repeat tho 
extraction with fresh TTA. 

(7) The scandium can be weighed as Sc 2o3 after precipitation as Sc(OH)
3 and-ignition. 

8/15/49 

P-18-203 
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CHEIIICAL SEPARATIONS 

Element separated: ~adium Procedure by: Batzel 

To.rgct material: Copper foil (v- 1 gm.) Time for sap 'n: N 2 hours 

Type of bbdt: 184-inch, all. 

Yield: Fair (undetermined) 

Equipment required: Standard 

Degree of purification: Undetermined (only probably impurities, Cr and P) 

Procedure: 

(l) Dissolve tnrgct in minimum amount of. cone. HN0
3

, add curriers, Zn 
through Cl, boil off EN03, and make 1 N in HCl. 

(2) Add H
2
S, centrifuge off copper. Wo.sh copper with 1 N HCl o.nd re­

so. tura te vd th H
2
S. Add wash to super no. to. 

(3) Boil down to remove H2S, to 6 ml. add cone. HN?__s and boil down almost 
to dryness, and make vol. to 5.ml. with conco HN0

3
; cautiously add 

KCl0
3 

nnd boil for one minute. 

(4) Centrifuge off Mn02 • 1'.bsh Mno2 with 6 ! HN03 , o.nd o.dd wash to 
supernate. 

( 5) 

(6) 

(7) 

(8) 

(9) 

(10) 

Boil down to remove EN0'2 nnd HCl, o.nd make 1 N in HNO". Cool to 
0 \.) - .:l 5-10 C, and add an equal volume of diethyl other. Aad 5 drops 

of 30i~ H
2

0 and inunediately stir vigorously to extract chromium~ 
Draw off c~hcr lo.ycr, and wash water layer with onc-hnlf volume of 
ether, stirring vigorously to extract o.ny chromium left. Draw 
off ether layer and a.dd to origina 1 ether layer. 

Almost neutralize the water layer with NnOH and pour into 10 ml 
of a hot solution of 1 N NaOH. (A small nmount of Fe+++ must 
be present.) ~ntrifuge off hydroxides of Ni, Co, Fe, Ti, So, and 
Co.. Wash precipitate with 4 ml. of hot 1 N NaOH. Jl..dd wnsh to 
supernate. 

Scavenge ~y adding 1 drop of Fe+++ currier (10 mg.jml.) nnd 
500 ~ Ti + (10 mg../ml.) to the hot solution. Centrifuge and wash 
precipitate with 4 ml. of hot 1!! Nc.OH. 

Boil down to 6 ml. Make slightly acid with acetic ::-.cid and add 
5 ml. of 10% Pb (Ac) • Centrifuge off Pb (VO )

2
, and wash with 

sl~$htly acigic, difutc Pb (Ac )
2

• Add wash ~o superp.ate (conta.ining 
Zn ). 

Ma.kc 2 _!!with BN03 , precipitate Pb ns the sulfide by c.dding H
2
S. 

Centrifuge and wnsh precipitate with 2 _!! HN0
3

• Add wash to supernate. 
Boil to remove H2S. 

Neutralize with NaOH, make slightly acid with HAc nnd reprecipita.te 
vanadium us lead vc.nada"\;c. ::reig",h. 

Remarks: Reference: Scotts Standard Methods of Chemical Ann lysis, p. 1036. 
8/29/49 P-18-296 
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CHEMICAL SBf:Af.l.ATIONS 

Element separated: Chromium Procedure by: H. Hopkins 1 Jr. 

Target material: As Time for sep 'n: 3/4 hr. 

Type of bbdt: 190 Mev D+ Equipment required: standard 

Yield: 60% 

Degree of purification: V\ factor of 50 from other activities. 

Procedure: 

(1) Dissolve As in HN0
3

• Add 10 mg Cr carrier o.nd evaporate to \.1'\2 cc. 

(2) Add 1 cc fuming HN03 and several crystals KClo3 • B oil several 
minutes, adding more KCl0

3
• 

(3) 

(4) 

(5) 

(6) 

Coo1 1 add KOH and water to about 25 cc of l I-J H+. Chill in ice salt 
bath to near freezing, add 10 cc cold ether.- Add 1 dp H2o2 and 
extract deep blue color into ether. 

Add a second portion of ether and H2o2 • Wash the cold ether layers 
with four quarter volumes of water containing 1 drop cone. HNo3 • 

Extract chromate out with dilute KOH, add other holdback carriers 
and HAc to sl~ghtly acid. 

Add Ba dropwise to precipitate BaCr0
4

• 

Remarks: Procedure should be practiced so success of the oxidation and 
extraction can be recognized. 

6/27/49 
P-18-22 
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CHEMICAL SEPARATIONS 

Element separated: Chromium 

Target material: npprox, 1 g Bi metc.l 

T:;rpe of bbdt: 184 11 all particles 

Yield: Approx. 50% 

7 2 
24-2 

Procedure by: Goeckermann 

Time for sep 'n: 1-2 hrs. 

Equipment required: Centri­
c fuge, cones, 110 oven. 

Degree of purification: Fcv1 c/m separated from several million counts of 
fission and spallation proaucts. 

Advantages: Fair yield of pure Cr. 

Procedure: 

= (1) To aliquot of r!N03 soln+gf target add 10 mg Cr as Cr2o7 • Add HCl 
& HCOOH to reduce to Cr • Ppt Bi 2s3 & Sb2s3 scavenger from 1 N 
HCl soln. 

(2) Ppt Cr(OH)3 with R2co3 + H2S, by long boiling. 

(3) Oxidize in 1~ ml 0.5 ! NaOH with H2o
2

, scavenge with Fe ( OH)3 , & 
destroy H2o

2
• 

(4) T.t>.ke slightly acid with G E. H2so4 & wash with ether. 

(5) Add H2o
2 

& extract H
3
cro

8 
into about equal volume of ether. 

(6) Re-oxidize & re-extract aqueous phase. 

(7) Evaporate ether over H2o & repeat H
3
cro

8 
extrn. 

(8) Eva.p ether over H
2
o, oxidize v:i th H

2
o2 in a.lka.l ine soln, scavenge 

with Fe(OH)
3

• · 

(9) Acidify with 6 N HN03 , add 1 ml 6! HAc & 2 ml 6 N NII
4
Ac, heat, add 

several ml 50 ~1 Ba. soln. Filter, wash with hot~2o & EtOH, dry 
10 min. at 110 C. ;"Jeigh as Bo.Cro

4 
(48.7 mg pe14 10 mg Cr). 

Remarks: H
3
cro

8 
extrn tricky, easy to lose Cr by reduction before extraction~ 

6j27/49 
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CHEMICAL SEPARA. TIONS 

Element separated: Chromium Procedure by: Batzel 

Target ma. terial: Copper Time for sep'n: 40 minutes 

Type of bbdt: All 184 11 and 6011 

Yield: 50% 

Equipment required: standard 

Degree of purification: 102-103 

Advantages: .Very specific - no interfering ions. 

Procedure: 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

RelllD.rks: 

Dissolve the copper in.tho minimum amount of concentrated HNO • 
Boil almost to dryness, add carriers (Zn and bel~;) and make r N 
in HCL -

Precipitate the copper as sulfide 1 make the supernate alkaline 
with 1m4oH and precipitate the sulfides including Cr with ~s. 

The Mn is usually removed at this point (see procedure for 
lVih(25-5). Neutralize the HN0

3 
and make l ! in HN03 • 

Cool in an ice bath to 5° C and add 0.5 cc of 30% ~02 • Extract 
the blue peroxychromic acid with ethyl ether. (two ~ ml portions). 

Wash the ether layer with three 4 ml portions of water a.cidified 
with a drop of HN0

3
• 

Extra.ct the chromium from the ether layer with 3 cc of distilled 
water ma.de distinctly alkaline with NH40H. 

The Cr may be ?recipitated and weighed as BaCr04• 

(1) The Mn is usually removeg1 {step 3) so that an estimate can be 51 made of the amount of Cr formed by decay of the 42 minute Mn • 

8/4/49 
P-18-134 
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CHEMICAL SEPARA.T IONS 

Element separated: ,Chromium Procedure by: D· B. Stewart 

Target material: Aluminum alloy 
95% Al, 2.25% Mg, 0.25% Cr(+Fc & Cu) 

Tin.e for sep'n: t'\J 1 hr. 

Typo of bbdt: 184 11 deuterons Equipment required: Standard 

Yield: 60-80% 

Degree of purification: 
4 

10 from Al, others unkno·wn 

Procedure: 

(1) Dissolve aluminum in 6 N HCl. Add 25-50 mg Cr carrier, 5 ng Cu 
carrier. 

(2) 

(3) 

Oxidize Cr to dichromte by boiling with 1 g ammonium persulfatc 
and 2-3 drops of 2% AgN0

3 
solution. 

Remove Al, 1/fg, Fe by precipitation with excess NH OH. Centrifuge, 
& decant supernatant. Dissolve precipitate in Hci and repeat 
to get out more of the Cr which can be occluded. 

(4) Acidify the combined supernatants with HCl (0.1 - 0.3 N acid). 
So.~rate with H

2
S to precipitate CuS and reduce chromium to 

Cr+ • Centrifuge or filter off the CuS. 

(5) Boil· fil tra to to expc 1 H
2

S and roduco volume as far as poss iblo. 
Mnke solution basic with NH

4
0H. A gelatinous green precipitate 

of Cr(OH)
3 

forms on boiling off tho excess NH
3

• 

8/2·1/49 
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CHEUICAL SEPARATIONS 

Element separated: 11l.nganese Procedure by: W. C. Orr 

Target material: Cr, Hn, Fe, Co, Ni, Cu, 
Zn, Ga, Ge, As, Se, Br, Rb, or Sr. 

Time for sep'n: 2 hrs. 

Type of bbdt: 190 Mev deuterons, 30 min. Equipment required: 
sintered glass filters 
100 ml beakers 

50 ml vol. flask 

Yield: 60-80% 

Degree of purification: Adequate for determining 1ro
52 

and ~ID56 yields. 
Recycling should give increased purification. 

Advantages: Simplicity. 

Procedure: 

P-18-7 

(1) Target is dissolved in'-"'30 ml cone. HN03• (HCl used for Cr). 

(2) 25 to 50 mg of standardized Mn carrier is added, i.e., a 
measured val. of solution of k~own concentration. 

(3) Several mg of hold-back carriers added, all elements except J,fu 
from g + 1 to g - 12 (g = target at. no.). 

(4) Boil to expel oxides of nitrogen. 

(5) Solid KCl03 is added SLOWLYJ Wait after adding each increment 
for the evolution of Clo

2
, etc. Continue until ppttn of ~mo2 is 

complete. Boil continuously. 

(6) Filter through a medium sintered glass filter on which a layer 
of "Supercel" has been laid down. Wash with cone. HN03 • 

(7) Wmo2 is dissolved directly on the filter by cone. HN03 to which 
30% H20z is added dropwise. Solution may be drawn through the 
filter 1nto a clean filtering flask and transferred to a clean 
100 ml beaker. 

(8) The carriers of step (3) are again added. 

(9) The solution is boiled to decompose H
2

o
2

• Cone. HN0
3 

is added 
to restore vol. to \f'\ 30 ml. 

(10) Repeat steps (5) thro•JR;h (9) t1.vo or more times (see remarks, 
following). 

(11) Repeat steps (5), (6), and (7) 

(cont•d.) 
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pace 2 (25-l) 

(12) Boil to decompose H2o2 ; i.e., solution becomes colorless and vol. 
is less than 50 ml. . 

(13) Transfer to 50 ml vol. flask and dilute to ~rk. Samples of 25) 
and lOO~should be suitable for counting; Mn (2.59 hrs.) decaying 
into Mn (6 days) half-life. 

Remarks: The repetition of steps indicated in (10) should give increased 
purification. The whole procedure should include not ·less than three 
precipitations of Ivrno

2
• 

In cases where step (9) preceded step (8) good separation was not 
always achieved, presumably because the active impurity was not 
in the same oxidation state as the added carrier at the beginning 
of Wmo2 precipitation. 

Presence of sulfate is to be avoided because soluble sulfate 
complexes of Mn(III) render precipitation incomplete. 

According to Scott (Std. YJ.Gth. Chern. Anal.) oxides of W, Si, Cb, 
and Ta are also ppt'd by KCl04 as in this procedure~ 

6/24/49 
P-18-8 
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DETERlUNATION OF ~.m CONCENTRATION 

F'or determining chemical yields in a series of separations of Mn activity 
from other elements the following procedure is particularly easy and o :Can 
accuracy comparable with other methods. 

Assuming that 2.0 ml of a standard manganous nitrate solution was added 
as carrier to all starting mixtures, and assuming that after separation from 
other elements the remaining manganese was in all cases contained in 50.0 ml 
of solution, take 1.0 ml of the latter 50.0 ml by pipet and transfer to a 
50 ml vol. flask. 

Add about (0 ml of 3 ,!! HN03• 

Add enough solid NaBi0 3 so that a slight amount of' excess solid remains 
in the flask at all times (out not enough to occupy a significant volume). 

Shake for 30 seconds, then dilute with water to 50.0 ml~ Shake for one 
minute. 

Let stand overnight (or centrifuge if there is need for hurry). 

Decant a portion of the supernatant solution of ~mo4- and measure its 
optical density in a one em cell of the Beckman quartz spectrophotometer. 
Set the wavelength at the peak near 525 ~· 

Dilute 2.0 m1 of the .standard carrier solution to 50.0 ml. Take 1.0 ml 
· of t~is as the starting sample and repeat the procedure just described. 

The ratio. of the first optical density to the second is the desired chem­
ical yield. 

W. C. Orr 

6/24/49 
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CHEMICAL SEPARATIONS 

Element separated: Th~nganese 

Target material: As 

Type of bbdt: 

Yield: V\ 60% 

+ 190 Mev D 

7 a 
25-3 

Procedure by: H. Hopkins, Jr. 

Time for sep'n: 1 hr. 

Equipment required: standard 

De~ree of purification: ~factor of 50 from other activities. 

Procedure: 

(1) Dissolve As in minimum I1N03 & HCl, add 5 mg Mh and 1 mg other carriers. 

(2) Ahke alkaline with NH40H, pass in H2S for 1 minute, centrifuge, wash 
with H2o. 

(3) Dissolve with hot fuming nitric acid and add solid KCl03 to boiling 
solution to ppt. z.no2, add fuming HN03 a~d KCI03 until pptn is 
complete. . 

(4) Centrifuge and wash with H2o. Dissolve with 1 dp dilute HCl and 1 dp 
Hz oz. 

(5) Make to 5 m1 volume, 3 ~ HCl and add 5 mg As. 

(6) Pass }~S into hot solution to ppt As 2s3• 

(7) Repeat pptn of As 2s3• 1IDke supnt alkaline, pass in H2s to precipitate· 
M:l.S. Dissolve -as before arid ppt. 11h02 from a solution containing 
additional holdback carriers. 

6/27/49 
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CHE11ICAL SEPARATIONS 

Element sepo.ro.tcd: Mnngc.ncso Procedure by: Stcvmrt-Softky 

To.rgot material: Copper foil (co.. 300 mg.) Time for sop'n: 1-2 hrs for 
12 so.mples 

'l'ype of bbdt: 60 11 or 181" deuterons Equipment required: 
100 ml beakc rs 
fil'!:;or funnels 
40 ml centrifuge cones 

Yield: 90-100% 

Degree of purification: 
6 

Excellent, fo.c tor of npprox. 10 

l.dvo.nto.ges: Simplicity& rnpidity. (La.rgc number of samples can be run 
simultaneously). 

Procedure: 

(1) Dissolve copper in minimum 6,! HN0
3

• ~'..dd 1 mg Lin currier us nitro.to. 

(2) 

(3) 

Dilute to 1-2 NHN03 o.dd o.bout 100 mg of Iillr07. o.nd boil for 5-10 
m5.nutcs ~ or unt"il Hno

2 
is woll coo.gulo.tod. a 

FUtor t!uough hho.tm::tn {/=42 f:i.lter paper. Wo..sh precipitate with 
6:r:J HNO~ until no Cu blue shows in final \Yash;. 

'·- 0 

f'j_s·~o~.Y·o Mno
2 

throug..l). filter paper into a 40 ml centrifuge cone, 
''!i·r:h cone~ H0l. Add 2 mg Cu co.r·rior. Make solution stro:ngly 
nrur:1ol1icul u 

(5) Ad:3. o. few crystals of (NH
4

)?s 2o
8 

and boil off excess persulfatc in 
a hot wo.tcr bo.th. lfu0

2 
proo5.l.\i c;a.ks almost immediately. 

(G) C!cmtrifuge 1 dccunt suporno.ta.nt, and wash precipita.to with dilute 
Imt10H. 

:1: 

7/28/49 
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CHEIUCAL SEPARATIOnS 

Element separated: M:lngane~e 
~ . Procedure by: Batzel 

Target material: Copper Time for sep 1n: 30 min. 

Type of bbdt: All 184 11 and 60 11 Equipment required: standard 

Yield: 75% 

Degree of purification: 103 

Advantages: Pure fraction and is not time consuming. 

Procedure: 

(1) Dissolve the copper in the minimum amount of concentrated mm3• 
Boil almost to dryness, add carriers (Zn o.nd below) including 
5 mg of 1fu and make 1,! in liCl. 

(2) Precipitate the copper sulfide. f,hke the supernate alknline 
with NH

4 
OH and precipitate the sulfides including Mn with J12S. 

(3) To the sulfides add concentrated 16 !!_Imo3 carefully, to dissolve 
and make the volume up to 4 cc with fuming HN0

3
• Add 2 or 3 

crystals of KClo
3 

and boil gently for 2 minutes to precipito.te 
Mno 2 • 

(4) Wash the precipitate with H
2

o and dissolve in one drop of HN03 
and H2o

2
• 

(5) Again add holdback carriers and make 16 N in HN03 • Precipitate 
the lno

2 
with KCl0

3 
as in step 4. 

(6) The precipitate may be weighed as Mn0
2 

and counted. 

8/4/49 
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CHEMICAL SEPARATIONS 

Element separated: Iron 

Target material: As 

Type of bbdt: 190 ~~v D+ 

Yield: V'\ 60% 

26-1 

Procedure by: H. Hopkins, Jr. 

Time for sep'n: 1/2 hr. 

Equipment required: standard 

Degree of purification: \1\ factor of' 50 from other activities. 

Procedure: 

(1) Dissolve As in minimum HJIJ03 + HCl, add 2 mg Fe, Ga., adjust .to 6 ,! HCl, 
extract twice with equal volumes ethyl ether. 

(2) '\:'!ash e'ther layer 5 times with 1/3 volumes 6 _! HCl. 

(3) 1'vash ether lay~r twice with 1/4 portions H2o to remove Fe. lihke 1 N 
KOH and centrifuge off Fe (OH)

3
• 

(4) 

(5) 

6/27/49 

P-18-23 

Dissolve in minimum cone. HCl, dilute to 5 ml, add 1 mg Ga carrier, 
and reppt. Fe(OH)

3 
with KOH. 

. . 
Repeat until supernatants (Gallittm fractions) are inactive. 
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CH.EHICAL SEPARATIONS 

Element separated: .1!2.!L Procedure by: Goeckerma.nn 

Target material; \J11 e Bi metal Time for sep 'n: few hrs. 

Type of bbdt: 184" all po.rtiolos Equipment required: 
Centrifuge_. cones 

Yield: 1,/\ 30% 

Degree of purification: Decontamination factor V\ 10
4 

from fission & spallation 
products. 

Advantages: Fair yield of pure Fe. 

Procedure: 

(1) Extract 15 ml
3
of 9! HCl containing aliquot of HN03 sol'n of target 

and 10 mg Fe+ with 15 ml isopropyl ether. ~'J'a3h ether twelve times 
with 10 ml portions of 7.5 l'T HCl. Extract Fe+ into 10 m1 H2o and 
evap dissolved ether. 

(2) Scavenge with Sb2s
3 

from HCl solrn. repeat. 

(3) Scavenge with TeS by H
2

S pptn. 
I 

(4) Ppt Fe(OH)3 with NH3 & dissolve in HCl. 

(5) Fume twice with few ml HCl04 after adding Ru. 

(6) Ppt Fe ( OH)3 with Ii!H
3 

-- repeat. 

(7) Scavenge with Baso4 • 

(8) Scavenge with A~I (excess Ag). 

(9) Scav. with Cb2o5 by adding HN03 & KC103 to oxalate sol 1n. 

(10) • Scav. with Zr phenylarsonate (make precipitation by adding phenyl­
arsenic acid). 

(11) Ether ext Fe +3 again, ppt as Fe (OH)3 with ,NH3 , filter ~- ignite to 
Fe

2
o3 to weigh. 

Remarks: This rather involved procedure was designed to separate a very smo.ll 
amount of Fe activity from a large amount of activity spread over the 
periodic table. It can be simplified in most ca~es. There may be an 
advantare in doing one of the extractions of Fe+ out of the ether by 
treating the zther layer with 6-9 N HCl containing Hg and thereby reducing 
the Fe to Fe+ (insol. in ether). -A few mg of carriers are used in the 
scavenges. 

7/6/49 
F-18-40 · 
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CHE1.ITCAL SEPARATIONS 

Element separated: Iron Procedure by: Folger & Hicks 

Target muteriul: V'\ 4 g U metal foil Time for sep'n: few hrs. 

Type of bbdt: 184" a.ll hig,h enc rgy partiolos Equipment required: 
Centrifuge cones, crucible, 
open top cylindrical 
scparatory funnels, stirting 
motor and glass stirring 
rods. 

Yield: J\ 30% 
4 Degree of purificat~on: Deconta::nination fa.ctor \,('\10 from fission & spolla tion 

products. U'\ lO from clements 38 to 56. 

Advantages: Fair yield of pt~c Fe. 

Procedure: 

(1) Add 10 mg Fc+ 3 .to aliquot of target sol'n. Evap. to dryness twice 
with cone. HCl. Take up in 15 ml of 9 N HCL Extract twice with 
10 ml portions of di-isopropyl ether. Wash etger twelve times 
with 10 ml portions of 7.5 N HCl. Extract Fe+ into 2,5-ml portions 
H20 and evup dissolved ether. 

(2) Scavenge with Sb 2s
3 

a.nd Tes2 from 1 ,! HCl sol 'n. -- repeat. 

(3) Ppt Fc(OH)
3 

with NH
3 

wash & dissolve in HCl. 

(4) Add Ru and fume twice with faw ml HC10
4

• 

(5) Ppt Fe ( OH)
3 

with NH3 wash. 

(6) Dissolve_ in HN0
3 

and scavenge with Ba.So4 • 

(7) Scavenge with Agi (excess. Ag). 

(8) Ppt. Fe(OH)3 with NH
3 

(to reduce volume) wash and dissolve in cone. 
HN0

3
• 

(9) Add Cb and sea. venr;c with Cb2o
5 

by adding KBr0
3 

und :rmo
3 

to oxo.1a. to 
so1n. 

(10) lbke 3N in HN0
3 

and HF. J.dd Ba. o.nd senvengc with PAZrF6 twice. 

(11) Ppt Fe (OH)
3 

with NH:3 e 17ash. Disso1 ve in 9 !{ HCL 

(12) Ether ext Fe +3a.gain,re-extrnct into H o ppt as Fe (OH)
3 

with NH
3

, 
v.rush, filter & ignite to Fc

2
o

3 
to weigh. (14.3 rng Fc2o3 = 10 mg Fe) 

P-18-84 
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Remarks: This rather involved procedure w~s designed to separate a very small 
amount of Fe activity from a largo amount of activity spread over the 
periodic table. It can be simplified in most ca~es. Thoro may be an 
advantage in doing one of the extractions of Fe+ out of the other by 
treating the zthcr layer with 6-9 N HCl containing Hg and thereby reducing 
the Fe to Fe+ (insol. in ether).~ 1-2 mg of carriers nrc used in the 
scavenges. 
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CHEFIITC.i'•L SEPARli.TIONS 

Element separated: Iron Procedure by: St~fart, Softl~ 

Target mtcriul: Copper foils (300-500 me; Cu) Time for sop 1n: 2-3 hrs. 

Type of bbdt: Deuterons 60 11
, 18~ 11 

Yic ld: 80-100% 

Degree of purification: 6 fnotor of 1.1'\ 10 

Equipment required: beakers, 
fil tor funnel 
~10 ml centrifuge cones 
scpuratory funnels 

.Adva.ntages: High purity. Smull amount of currier. 

Procedure: 

(1) Dissolve copper in minimum 6! HN03 and dilute to l-2! HN03. 
Add 1 mg Fe and 1 ~~ ~m currier as nitrate. 

(2) .Add about 0.1 g KBr0
3 
~nd boil for 5-10 minutes or until 1~02 

is .-roll coagula. ted. Fil tor through Who.t:r...a.n ~!:42 fil tcr paper and 
catch filtrate inn 10 ml centrifuge cone. r.hsh precipita.to 
vd th 2N HNOr.r until wash is colorless. - ..., 

(3) Precipitate Fe(OH) 3 with excess 1ni.~OH, centrifuge, and doca.nt 
supernatant. Dissolve prccipito.te•in HCl and repent until super­
no. tb.nt is colorless. Add 2-3 mg Cu. currier as chloride o.nd 
repent twice more. 

('1) Dissolve finetl Fo(OH).3. in 1 drop of HCl etnd tra.nsfcr to a. sopuro.­
tory funnel ·with 6 H HCl. lldd an equal volume of di-cthyl ether 
pre-so. turn ted with IDJ HCl and extract tho Fo. Drav1 aqueous lo.yor 
into o. 2nd sopo.ro.tory funnel o.nd repeat. Do o. 3rd extraction 
after o.dding 1 mg Fe currier as chloride. 

(5) Collect tho other lo.ycrs in u 40 ml centrifuge cone with a small 
:l."Tlount of water. Evaporate off the solvent in a hot water bo.th. 
Recover Fe as Fe(OH) 3 by precipitation with NH40H. 

Romo.rks: 

It wa.s found tho.t unless specific separation for Mn is done, tho 
conto.mination in the iron fraction is upprociablo. (Stop 2). 

Direct cvnpor~tion of etn FoCl solution gives considerable loss, so it 
is better to ppt tho iron nnd3rc-dissolvc in some acid other thnn HCl. 
(Step 5). . 

7/28/19 
P-18-'BQ> 



0 0 0 0 7 0 J 8 6 
26-5 

CHEMICAL SEPARATIONS 

Element separated: Iron Procedure by: Batzel 

Target material: Copper Time for sep 1n: 40 min. 

Type of bbdt: All 18411 
- 6011 Equipment required: Standard 

Yield: 95% 

Degree of purification: 103 

Advantages: Pure fraction with good yield. 

Procedure: 

(1) The target n~y be dissolved in the minimum amount of either 
concentrated mro3 or concentrated HCl and H2o2 • 

(2) Five mg of Fe are added as carrier and the solution made 6 N in 
HCl - total volume 6 co. 

(3) 

(4) 

(5) 

(6) 

Remarks: 

Extract 3 times with ethyl acetate - 3 ml portions. 
acetate 3 times with 1/3 volume of 6 N HCl. 

Wash the ethyl 

Extrnct the iron from the ethyl acetate layer with 3 co of distilled 
water. Again make 6 N in HCl and re-extract as listed in step 3, 

Finally after washing the ethyl acetate thoroughly with 6 N HCl, 
extract the iron into 3 cc of distilled water and plate. -

The chemical yield can be determined calorimetrically by taking 
nliquots from the final iron solution (See 26-6), 

(1) Holdback carriers need not be added for other elements, but will 
not interfere with this procedure if added. 

8/4/49 
P-18·1~9 
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DETERliTNATimf OF Fe CONCENTRATION 

The following procedure may be used for the colorimetric analysis of iron. 

Prepare a curve of iron concentration vs % transmission as follows: 

(1) To 10 ml volumetric flasks add 5, 10, 15, 20, 25, and 30 gamma 
of Fe from the standard solution. 

(2) Add 200 (\ of a 10"/o solution of hydroxylamine hydrochloride. Dilute 
to 5 cc and add 500 (' of a 0.1 percent water solution of ortho­
phcnanthraline. 

(3) Add one drop 1~40H to bring the pH to the range of 4 to 9. 
to 10 cc and.alrow color to develop for 5 minutes. 

Dilute 

(4) Measure the % transmission of the samples against a blo.nk containing 
the hydroxylamine and orthophenanthraline at a wave length of 508 
millimicrons on a Beckman Spectrophot-ometer. 

(5) The curve follows Beer's Law. 

In analyzing the samples duplicates should be run using the above pro­
cedure. 

R. futzcl 

P-18-136. 
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Elcmcnt.scpnrnted: Iron Procedure by: R. c. Lilly 

Target Jlk"..tcrial: cobalt Time for sop 'n: 6 hours 

Typo of bbdt: Neutrons - 60 11 
Equipment roquired; Boa.Jrors, 

funnels 

Yield: t"\J lOQ% 

Degree of purificntion: excellent a.t lea.st fa.ctor of 100 from other a.ctivitics 
prcsont. 

Advnnta.gcs: Simplicity 

Procedure: 

(1) Dissolve tho Co target in HN03• Remove tho nitrates by boiling 
with HCl until no brown fumes o.rc evolved. 

(2) Add 2 mg Fe, 10 mg Ni, 10 mg Zn o.nd 50 mg U a.s tho chloride 
solutions. Dilute a.nd ppt with oxcoss lnt

4
0H. Coa.gula.to the ppt 

a.nd filter it quickly through qua.ntita.tivc pa.por. Dissolve the 
ppt through tho fil tor with wa.rm HCl a.nd rcpea.t the pptn. 

(3) 

(4) 

(5) 

Romo.rks: 

Dis sol vc tho ppt through the fil tor with warm HCl, collecting the 
sol'n in a. 40 ml centrifUge tube. ~dd hold-buck ca.rricrs of 
Cu, Ni, Zn and Co o.nd do throe more NH

4
0H ppt'ns, dissolving the 

ppt in HCl ea.ch time. 

Dissolve the final ppt in HCl so a.s to give a.n 8 N HCl sol'n; 
c.nd extract tho Fe with 3 or 4 portions of isopropyl ether. 
Combine ether lc..ycrs, o.dd ~0, boil to a. low volume, o.nd fume 
with ~so4-H2o2 until orga.n~c mutter is destroyed. . 

Ta.kc up in HCl nnd ppt with NH_~_OH - (NH
4

)2co3 sol'n., discarding 
tho supcrno.tc.nt. Dissolve in HCl o.nd repeat the ppt 'n twice. 
Dissolve the fina.l ppt if desired, or usc o.s is. 

The ppt' n of the Fe a.nd U from the bulk of the coba.lt is bast mo.de 
by· quickly a.dding a. lo.rgc excess of NH

4
0H to tho wa.rm dilute Co sol 1ne 

Ni tra.tcs must be a. voided throughout to prevent extra.ction of tho U 
by tho ether. 

59 
This procedure vms used for the propa.ro.tion of pure compounds of Fe ; 

for identification of a.ctivitios a.lono, it would bo a.dvisa.blc to tnkc an 
a.liquot nftcr dissolving the ta.rgot. 

Pnper is used for the filtration in (2) bcca.uso the ppt tends to clog 
a. sintorod filter if suction is applied. 

8/19/49 
P-18-237 
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CHH;M:rCL.L SEPARATIONS 

Eleme r.rt sepa. ra. ted: Iron Procedure by: R. c. Lilly 

Target ma.tcria.l: 1~~nga.noso Time for sep'n: 4-6 hours 

Type of bbdt: Deuterons - 60" Equipment required: bonkers, 
funnels, sintcred gla.ss 
funnels a.nd sopa.ra.tory 
funnels. 

Yield: r0 100% 

Degree of purificntion: excellent a.t loa.st fa.ctor of 100 from other 
uctivi tics· present. 

Advuntugcs: Largo o.mount of Mn does not prevent purificc.tion of the Fo. 

Procedure: 

(1) Dissolve Mn turgot in the lea.st possible amount of 6 N HCl. 
Add 2-5 mg Fe und 25 mg Cu us the chloride solutions.-

(2) Ma.ko 0.3 N in HCl, hoa.t to boiling, und puss in HzS to ppt the 
copper group a.s sulfides. Filter. Wa.sh the ppt with 0.1! HCl 
nnd disca.rd it. Add wo.sh to filtrate. 

(3) 

(4) 

(5) 

(6) 

Rcmnrks: 

Boil filtrate to 50 ml volume, oxidize Fe with 5 ml of 30% 
H2o

2 
a.nd boil off excess H202 • Wmo 2 may ppt a.t this point, 

but it will redissolve a.s tho H2o2 is expelled •. 

lbko a.lka.line with NH,OH a.nd ppt the Fe a.s Fe(OH) 3• Some Mn 
will a.lso ppt; it can'"'be disregctrdod ii.nd will be removed ln.tcr 
in the procedure o This stop scpura.tos tho Fe from a.ny lo.rgo 
o.mounts of so.lts which rnny be present to interfere with tho 
other extraction which follows. 

Dissolve ppt through filter with wc.rm 9 N HCl; tho resulting 
volume should bo 10-20 ml. Extra.ct tho Fe with 3 or 4 portions 
of isopropyl ether. Combine tho eth..;r layers, o.dd H2o, boil 
to a. low volume, and fume with HzS04-H2o2 until orga.nic mo.ttor 
is destroyed. 

Ta.ke up in HCl und ppt Fc(OH)3 with NH40H, discarding tho supor­
nuto.nt. Dissolve tho ppt if desired, or usc us is. 

This procedure was used for preparing pure compounds of Fe55 ; tho 
procedure time could bo shortened for usc on shorter-lived isotopes. 

8/19/49 
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CHE~ITCAL SE~tRATIONS 

Element separated: Iron Procedure by: R. C. Lilly 

Target material: Ni(soparntcd isotopes) Time for scp'n: 3-5 minutes 

Typo of bbdt: Neutrons - 60 11 Equipment required: sm..'\11 
beakers, q ml centrifuge 
tube, Hirsch funnel 

Yield: N 90% 

Degree of purification: factor of 5 

Ad~ntagos: Speed 

Procedure: 

(1) 

(2) 

(3) 

(4) 

8/19/49 

P-18-2~0 

Dissolve Ni foil, weighing 3-5 mg in a 10 ml beaker containing 
0. 5 ml hot cone. I:IN0'7.. Add 2 mg Co, 2 mg Cu, and 2 mg Fe QS 

2 ml of the chlorideasoltns. 

Transfer to a 5 ml centrifuge cone and ppt with NH40H. Coagulate 
tho ppt by immersing the cone in a boiling H2o batfi for a f~~ 
sooonds and centrifuge. Remove tho supernatant. 

Dissolve the Fe(OH) ppt in a few drops of cone HCl. l•dd 2 mg 
Co, 2 m~ Cu, and 2 ~ Ni as 2 ml of tho chloride sol'ns, and 
transfer tho sample to a second 10 ml beaker. 

Ppt with NH40H, coagulate the ppt by heating and filter through 
a #42 1o1Thatma.n filter paper disc hold in a. Gooch crucible or 
Hirsch funnel. Dry with a fov1 drops of acetone and mount under tape. 
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CHEMICJ.L SEPARl' .. TIONS 

Element separated: Iron 

T~rgct ~Atorinl: Cu (50-100 mg) 

Type of bbdt: · Dcuter.ons - 184 11 

Yield: N 100% 

Degree of purification: Factor of 100 
I 

Advantages: Simplicity 

Procedure: 

26-10 

Procedure by: R. c. Lilly 

Time for sep'n: 45 minutes 

Equipment required: bonkers, 
funnc ls , 40 ml c c :n tri fuga 
tuba, smo.ll centrifuge tuba. 

(1) Dissolve Cu target in cone. HCl contC~.ining a fcv; drops of cone 
Irno3 ~ Boil off the excess HN03 • Add 3 mg Fe, 10 mg Co, 10 mg Ni, 
a.nd 5 mg Zn as the chloride sol'ns. 

(2) Dilute to 50 ml with H20 and hont to boiling. Ppt Fc(OH)
3 

by 
adding NH40H in excess und coagulate the ppt well by hout~ng. 
Fil tor tho Fe (OH) '7. ppt through =//=42 Whatman paper in a glns s 
funnel and wrtsh wfth a smll amount of 1% NHLI Cl sol 1n. 

'"' 
~he filtrate contains the Cu, Co, Ni and Zn fractions and is 

worked up sopurntcly us described in tho procedures for Co and 
Ni from Cu ~~rgots, Nos. 27-p and 28-6. 

(3) Wash tho Fo(OH)3 pptwoll with l%NH
4

Cl and discard tho washings. 
Dissolve tho ppt through the puper WJ. th wn.rm 6 N HCl and collect 
the sol 'n in n 40 ml centrifuge cone. ~ 

(4) Add 10 mg Co and 10 mg Ni us the chloride sol•ns us hold-buck 
curriers; pla.ce the cone in a hot IIzO ba.th, and ppt with, NH,1oH .. 
Congulnto the ppt by heating, cc:ntr~fugo, and discard tho supernatant. 
Redissolve the ppt in HCl. 

(5) Repent step (4) ~vice. 

(6) After tho third ppt'n. cycle above, dissolve the ppt in the 
correct o.mount of HCl nnd ~0 to give 10 ml of sol 'n., 8 ! in HCl. 

(7) Extract Fo with four 10 ml portions of isopropyl ether. Combine 
ether lnyors, add ~0, boil to o. lmv volume, o.nd fume with 
H2so4-H2o2 until organic rnnttcr is destroyed. 

(8) To.ko up in HCl, trc.nsfcr to o. small centrifuge cono, and ppt 
with NH40H. Centrifuge and discard the supernatant. Prepare 
for counting o.s desired. 

Rcmn.rks: Sec Hillebrand und Lund01l (~~pplied Inorgc.nic Analysis) for 
further information on the extraction of Fe with isopropyl ether. 

8/19/49 
P-18-239 
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CHEIJICAL SI~PARATIONS 

Element separated: Cobalt Procedure by: H. Hopkins, Jr. 

Target ma terio.l: As Time for sep'n: 1 hr~ 

Type of bbdt: 190 Hev D+ Equipment required: standard 

Yield: 1./\ 70%. 

Degree of purification: V'\ factor of 100 from other activities. 

Procedure: 

(1) Dissolve As in minimum m~o3 + HO, add 2 mg Se & Ge carrier, 5 mg Co. 

(2) Make alkaline with NH4 OH, pass in H2S rapidly for 1 minute only. 
Centrifuge immediately. 

(3) Dissolve in minimum cone. HCl, add 1 mg Cu, ppt CuS from hot 1 N HCl. 

(4) Add other carriers, evaporate to small volume, make 6 ! HCl, extract 
4 times with equal volume ethyl ether. 

(5) Evaporate to near dryness, add H
2
o to 2 ml volume, add VJ equal volume 

solid ICSCN, extract 4 times with 2 ml amyl alcohol. 

(6) Extract out of amyl alcohol with 4 ml 1 N KOH. 

(7) Dissolve with HCl and reppt hydroxide with 1."0H. 

(8) Dissolve in minimum acetic acid, dilute to 4 ml, saturate with ICCl, 
and add KN02 until pptn of K3Co(N02 )

6 
is complete~ 

6/27/49 
P-18-24 
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CHEMICAL SEPARATIONS 

Element separated: Cobalt Proced_ure by: Stewart -
Softky 

Target mo. terial: Copper foils (oa. 300 mg. Cu) Time for sep 'n: 4-6 hrs. 

Type of bbdt: Deuterons 60 11 or 18411 Equipment required: 
Sta.inless steel strip 

electrodes to fit 
100 ml bea.ke rs 

30 ml tower electrolysis 
cells 

1 11 Pt discs 
Pt spira.l stirrers 
D. c. rectifier unit to 

give current up 
to 2 amperes 

100 nl beakers 
filter funnels 

Yield: 90-100% 

5 Degree of purifica.tion: Complete sepa.ra.tion a.t least by factor of 10 from 
Mn, Fe, Ni, Cu & Zn. 

Adva.nte.ges: ~tethod by which a. large number of samples can be run simultnnoosly 
for excitation functions. 

Procedure: 

(1) 

(2) 

(3) 

(4) 

(5) 

Dissolve Cu foil in minimum dilute HN0
3

• Add 1 mg. Co, Ni, & Mn 
cnrriers as nitra.tes, and 2 drops cone. H2so

4
• Dilute to about 20 

ml. with distilled water. 

E!eotro~0posit copper on stainless steel strip cathode set into 
bno.ker J~ wlrich thu foil vms disc;olved, using a rotating Pt spiral 
ancde at 2-3 volts, 1-2 amperes. 

rlhen solution is water white, remove the electrodes, add 1 ml. 
cone. H2so4 and evo.pora te to so3 fumes to remove m·m3 • 

Dilute to 35-50 ml o.nd saturate with !12.8 to precipitate residual 
C,l, Filter. Boil filtrate to expel H.~S, add 2 mg Cu currier as 
chloride and repeat;. (., 

Boil filtrate 5 minutes to expe~ H S, ma.ke solution slightly 
amTT'.onioet1, then add 1-2 ml 1% dime~hylr,;lyoxime in etho.nol to ppt 
NLYMG~ I<'il te.L". i'l'o.sh ppt with hot vmter. 

(6) 1\.:)idi.fy filtrate With HJ:if0
3 

& Oi."O.poro.te to S0
3 

fumes to destroy 
alcohol. Add a. few drops of cone. HCl and o.go.in tn.ke to so3 fumes 
to insure removal of N03~. 

(7) Transfer solution to a 30 ml tower electrolysis cell fitted with 
a. 1 11 Pt disc cn.thode, :mD.ke strongly am.,."'lonical, and electrolyze 
o.t 1-2 amperes for a'Jout 30 minutes, using o. slowly roto.ting Pt 
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anode. Cobalt deposits ns a smooth adherent plate on the cathode. 
Mn02 deposits at the same time on the nnode. 

(8) 1','hen Co is completely deposited, replace the electrolyte with 
distiLled water ·while the current is still on. Remove the o.no.de 
quickly to prevent sol'n of the Mno2 , pour off the wo.ter and rinse 
the cobalt plo.te with o.lcohol. 

Remarks: 

(In step (5) if solution is too strongly ammonico.l at this point, NiDHG 
will be incompletely precipitated.) 

(In step (7) NH40H should be added periodically during the electrodeposi­
tion. Current should be kept lower than 2 amperes to give o. smooth 
adherent plo. te.) 

7/28/49 
P-18 .. 92 
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CHEMICAL SEPATIATIONS 

Element separated: Cobalt Procedure by: Batzel 

Target material: Copper Time for sep'n: 40 min. 

Type of bbdt: all - 18411 & 60" Equipment required: 
Standard 

Yield: 30-40% 

Degree of purification: ?actor of at leas·b lClO from other activities present. 

Procedure: 

(1) Dissolve copper in minimQm amount of concentrated HNO", and boil 
to dryneRS or 17i th HC''t to C10Stroy mro3. Add 5 mg Co 5arricr and 
1-2 mg o:' the neir;hhJring e]E•::,en-'.:;s to' ;:;et as holdbacks. 

(2) Remo1re copper as sulfide frcm a 1 N HCl solution. ~7ash the 
precipito.t0 with lE_ HCl saturated with H2S. 

(3) Boil supernate to remove H
2

S and neutr::1.lize l'Ti th KOH. l'.'hke 2-3 
N i::1 ace-1::;2-c o.c:id. Saturate about 5 cc or~ water with IGJ02 and 
aclC. 0.3 c.:: of e.cetic acid. Hco.t and add to the hot solution 
of cobalt. 

(4) Allo·w to settle for 5 minutes in a steam bath. Cool. and centri­
fuge. Hash v;ith a 3J'~ KN02 solu·:;ion acidified vri th acetic acid. 

(5) Dissolve the ppt with concentrated HCl again add 1 mg each of 
holdback curriers and reprecipitate. 

(6) w·cigh o.s the potassium cobo.ltinitritc. 

7/27/49 

P-18-75 
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CHEMICAL SEPARATIONS 

Element separated: Cobalt Procedure by: Folger 

To.rge·t mo. tcrinl: Lll 4 gm. U mcta.l foil Time for sep 1n: ~ 2 1/2 hrs. 

Typo of bbdt: 184 11 full oneq.;y particles 
(high energy fission) 

Equipment required: Centrifuge~ 
cones, icc bath, 110° oven. 
:NH

3 
gas. 

Yield: ~ 50% possible 

Degree ~f purification: Separates from all clements by a facgor of at least 
10 separates from elements 38 to 56 by a factor of !.1\ 10 • 

Advantages: A small amt. of Co may be obtained pure from largo yields of 
contaminants. 

Procedure: 

(l) Uranium target is dissolved in cone. HCl (plus a small amt. cone. 
HN03 to clear up the sol 1n) or in cone. HN0

3 
(should be tlON). 

Usc N 1/4 (or more) of target sol 'n for allquot. Add 10-20 mg 
Co carrier and make basic with NH

3
• 

(2) Centrifuge and wnsh ppt twice with s.at 1 d aqueous N'Hs. Combine 
supc rna. tant and vra.sh ings. 

(3) Sco.vongc twice with Fe (OH)
3

, twice wi"l:;h BaC03 & Srco3 (add sat 1d 
Na

2
co

3 
and chock pH to be sure sol 'n is bo.sic e11oueh, AlpH 10). 

(4) lJ.."lko 0. 7 - 0.8 N in HCl. Scavenge with CuS, CdS, Re
2
s7 (for Tc) 

HgS, PdS
2 

(1-2 mg of carriers). 

(5) lifo.ke basic with NH3 and ppt CoS w. H2s. Wash to remove all NH.:'l +. 
Dissolve in l co conc.·HNo

3
• Dilute to&J14N HN0

3 
and scavenge"' 

with 1 .. 2 mg A:;Cl twice. 

(6) ~hkc basic with KOH to ppt Co(OH)2 (upon hco.ting goes to Co(OH)3 
Cent~ o.nd wash. Dissolve ppt in 3·cc 2-3 N HAc. Add 2 mg Ni 
holdback and heat. -

(7) Add 3~4 cc 6! Ht\.c so.t 'd with KN02 hot (CautionS Beware of foaming 
over). Digest 10 min hot. Chill in icc bath to retard bubbles 
and centrifuge K3Co(N02 )6 .1 1/2 H2o (yellow). 

(8) Wash, and dissolve in cone. HCl (with heating green sol 1n is 
obtnined). 

(9) Repeat steps (3) through (8). Then repeat (6) a.nd (7). 

(10) · ~a~h bvico with H
2
o, EtOH, Et2o. 

l!ife~~h as K3Co (No2 J6 .H2o. 
Filter, dry at 110° C for 5 min. 

Romo.rks: 

J?-18 ... 93 
(1) In stop (6), the Co(OH)

2 
ppt becomes r,rey-brown on heating in the 
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wo.tcr bo.th. This docs not interfere with tho procedure. 

(2) For o.dditiona.l inforrno.tion sec Scott, 11 St::tndo.rd Methods of Chomica.l 
Anulysis , 11 D. Va.n Nostrand Co., Inc .• Now York, Ed. 5 Vol. I, pp 
305-14. 

7/28/49 
P-18-94: 
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CHEMICAL SEPARATIONS 

Element separated: Cobalt Procedure by: R. C. Lilly 

Target material: Cu, Ni Time for sep'n: 1 hour 

Type of bbdt: Deuterons - 184 11 

Neutrons - 60'.' 
Equipment required: 

Bea. kers, funnels, fine 
sintered Glass filter, 
50 ml separa.tory funnels(3) 

Yield: rJ 90% 

Degree of purification: Factor of 100 

Advantages:· Purity of Co product 

Procedure: A, B & C have steps 4-9 in common. 

A. ~obalt from Ni (separated isotopes) + p,d;,n - 6011 

(1) Dissolve N"i foil, wei[';hing 3-5 mg., in a few drops of cone HN0
3 and boil off IIN03 with successive portions of HCl. Add 2 mg 

Co, 2 mg Fe and 5 mg Cu us the chloride sol 1ns. 

(2) Dilute to 50 ml with H2o and heat to boiling. Ppt Fe (OH)
3 

by adding m:.:r
4

on in excess and coagulate the ppt vwll by heating. 
Filter the Fe(OH)

3 
ppt through ~~'-42 l''lho.tman paper in o. glass 

funne 1 and wash vn th a small amount of 1% NH Cl sol •n. (The 
ppt is worked up separately as described in the procedure for 
Fe from Cu targets, No. 26-10). IvTake the filtrate slightly 
acidic with HCl. Add cone l{H

4
Hso

3 
sol 1n dropwise until all 

of the Cu is reduced (as shovm by the lack of any localized 
blue color when a few drops of ccinc NH4 OH are added). Add 
solid NH4SCN dissolved in a small amount of H20 until ppt 1n 
is complete. 

(3) Coagulate tho CuSCN ppt by heating and filter it through a 
double thickness of 4/:42 1'J'ha·bman paper in a glass funnel. 
Discard the ppt. Boil the filtrate to a volume of 10 ml 
to expel so

2 
and transfer to a 50 ml separa.tory funnel. 

B. ~lt fr~m Cu (50-100 mg) + d - 18411 

P-18-22 9 

(1) Dissolve Cu target in cone. HCl containing a fevt drops of 
cone. HNOs· Boil off tho excess HN03 • Add 2 mg Co, 2 mg Fe, 
and 2 mg Ni as the chloride sol'ns. 

(2) Dilute to 50 ml with H2o and heat to boiling. Ppt Fe (OH)
3 by adding NIJ: OH in excess and coagulate the ppt well by 

heating. Fii.ter the Fe (mi)
3 

ppt thro)lgh t1
=42 Whatman po.per 

in a glass funnel o.nd wash with a srrnll amount of 1% NH
4

Cl 
sol'n. (The ppt is worked up separately as described in the 
procedure for Fe from Cu targets, No_. 26-10 ). lhke the fil tra. te 
s lirhtJ.y- acidic with HCl. Add cone. HH

4 
HS03 sol 1n dropwise 

until all of tho Cu is reduced (as sho·wn by the lack of any 



0 0 () 7 0 :.> 9 9 
27-5 (page 2) 

localized blue color when o. few drops· of cone NH4 OH are 
added). Add solid NH4SCN dissolved in a smo.ll amount 
of B?O unti 1 ppt 1n is complete. · 

~ . 

(3) Coagulate the CuSCN ppt by heating and filter it through a 
double thickness of c1:'42 Whatrnan paper in o. glass funnel. 
Discard the ppt~ Boil the filtrate to a volume of 10 m1 
to expel so2 and transfer to ~ 50 ml separatory funnel. 

C. Cobalt from Cu (0.1-0.5 ~ms) + n - 184" ---· ··-- -·- ·-·· --- ·-·'--...:..-..------
(1) Dissolve Cu target in 10 ml of hot 6 ! HN0

3 
in a small beaker 

and boil off HN03 with successive portions of HCl. Add 2 mg 
Co and 2 me Ni as the chloride sol 1ns. 

(2) Add H2o and HCl so as to give a volume of 25-30 ml with 
0.3 N-0.5 N HCl. Heat to boiling and pass in H S to ppt 
Cus.- Coagulnte the ppt by heating a.nd filter i~ through a 
small fine sintered glass filter. V~sh the ppt with a. 
smo.ll amount of H2o and discard it. 

(3) Boil the filtrate to a volume of "'10 ml and then transfer 
it to a 50 ml separatory funnel. 

In all three of the above cases continue as follows: 

(4) Add 5 gms of solid NH4SCN and shake until all of the crystals 
are dissolved. Extract Co from this sol 'n by shaking with an 
equal volume of ethyl ether - amyl alcohol (1:1) 

(5) Draw off the H20 layer from this extraction into o. second 
50 ml separatory funnel, discarding. the few drops of mi::x:ed 
sol'ns whioh remain in the stopcock. 

(The Ni is contained in the H20 layer and is worked up 
separately as described in the procedure for Ui from Cu 
targets. No. 28-6). 

(6) Add 10 ml oi' 6 ! :NH4 OH to the organic layer in the first 
separatory funnel to destroy the complex and reextract the Co. 

(7) Draw off this ammoniacal layer into o. third 50 ml separa.tory 
funne 1 and w.ke it slightly acidic with HCL Add 2 lllg Ni as 
the chloride sol 1n and repeat the extraction as in step (4) 
o.bove. 

(8) 

(9) 

Draw off the H 0 layer end discard it. Treat the organic 
layer with ~nr46H as described in step (6) above. 

Dre~v off the ammoniacal layer into o. 50 ml beaker, boil to 
a volume of 5 ml, o.nd ppt CoS by adding NH4HS sol 1n. 
Prepare this ppt for counting as desired. 

Remarks: See Sandell (Colorimetric Determination of Traces of Metals )for 
further information on the extraction of Co from thiocyanate sol 'ns with 
ethyl ether - amyl alcohol. P~lB-228 

8/19/49 



0 0 u 0 7 0 0 
27-6 

CHEMICAL SEPARATIONS 

Element separated: Cobalt Procedure by: R. C. Lilly 

Target material: Cu, Ni Time for sep 'n: 4 hours 

Type of bbdt: Neutrons, deuterons - 184 11 Equipment required: Beakers .. 
funnels, chlorination 
apparatus. 

· For calutron separation 

Yield: ru 90% 

Degree of purification: Factor of 100 

Advnntagos: Separntion of Co from large o.Inounts of Cu o.nd Ni. 

Procedure: A and B ho.ve stops 2-8 in common. 

P-18-234 

(1) Dissolve Cu to.rgct in 50-100 ml of hot 6 N HCl containing 
5 ml of 30% H2o2• Boil off excess H2o2 ruad o.dd 25-50 mg 
Co o.nd 5 mg N~ o.s the chloride sol 1ns. Dilute the SC\ffiplc to 
rv 1 li tor o.nd o.dd NHLl_OH until tho sol 'n is ncutro.l or very 
slightly acidic. • 

B. Cobalt from Ni (1-2 gms) + deuterons - 18411 

(1) Dissolve Ni target in the least possible volumo_of cone. HNo3• 
Convert nitrates to chlorides by adding successive portions 
of cone HCl and taking to a. lov"f volume. Add 25-50 :mg Co 
and 75 mg Cu as the chloride sol 'ns • Dilute tho so.mplo to 
~ 500 ml o.nd add NH40H until the sol'n is neutral or very 
slightly acidic. 

In each of tho o.bove cases, continuo as follows: 

(2') Add cone. NH4HSo3 sol 1n., 1 ml o.t o. time, until nll of the Cu 
is reduced (a.s snown by the lack of o.ny localized blue color 
when a. few drops of cono. I'ffi40H are a.dded). Add solid NH4SCN 
dissolved in a. sma.ll amount of H2o until ppt 1n is complete. 

(3) Coo.gulo.to the CuSCN ppt by hea.ting a.nd filter it through a. 
double thickness of #=42 l'\'ho.t:mo.n pa.pcr in a large glo.ss funnel. 
Discard the ppt., 

(4) Boil the filtrnte to expel so2 nnd then ndd 3 ml of cone HCl 
per 100 ml of volume. 

(5) Add a freshly prepared hot sol'n of a.lphn-nitroso-bota.-nnphthol, 
mo.dc by dissolving 10 gms of the salt in 100 ml of 50% a.cctio 
o.cid, as long a.s u ppt is produced. 

(6) Filter the ppt through retentive pupcr. Wa.sh it well with 
warm 6! HCl, und then with wa.rm H2o until free from o.cid. 
Ignite the ppt until nll of the po.por is burned off. 



Rcmo.rks: 

(7) 

(8) 

0 0 J 0 0 7 0 J l 0 
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Dissolve the CoO in HCl c.nd o.dd 100 mg Cu o.nd 25 mg Ni o.s 
the chloride sol'ns. Adjust the o.cidity o.s in step (1) 
nnd repent steps (2) through (6) o.bovc. 

ConvGrt this CoO to CoC1
2 

by trco.ting it nith nnhydrous 
012 nt 650° C for 30 minutes. 

(If desired, pnrt o.f the CoO in step (7) mo.y be dissolved in HCl 
o.nd o. cobo.l t fro.cti9n purified still further by o.dding Cu nnd Ui 
hold-buck carriers nnd following tho procedure for Co from Ni 
to.rgets, No. 27-5.) 

Tho o.bovc procedure wo.s designed for propo.ring o. so.mplo for o.no.lysis 
in tho calutron. In co.sc o. smo.llor spcctrogro.ph is to be used, the o.mount 
o.nd finnl form of the Co mo.y need .changing. 

Sec Scott (Std. Hcth. Cham. Ano.l.) for further infornr.t ion on tho ppt 'n 
of Co by o.lpho.-nitroso-bcto.-nnpthol. 

8/19/49 

P-18-233 
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CHEMICAL SEPARATIONS 

Element separated: Cobalt Procedure by: R. C. Lilly 

Tc..rget rna terinl: Ni (scpnra ted isotopes) Time for sop 1n: 10 minutes 

Type of bbdt: Protons - 37 11 o.nd 6011 

doutc rons - 60" 
Equipment required: 

Small beakers 

Yield: f\J 9o% 
50 ml separat?ry funnels (2) 

Degree of purification: Factor of 5 

Advantages: speed 

Procedure: 

(1) Dissolve Ni foil, weighing 3-5 mg., inn 10 ml beo.kcr containing 
0.5 ml of hot 6 !. mw3. 'fu.ko to dryness on 0. preheated hot plate. 

(2) Add 3-4 drops of hot cone HCl and to.ko to dryness. Ropoa t. 

(3) 

(4) 

(5) 

Add 2 mg Co ns the chloride sol 'n and wnrm slightly. Transfer to 
n 50 ml soparv.tory funnel and dilute to 10 ml with }~0. 

Add 5 gms of solid NH4SCN o.nd shnkc until all of the crystals 
are dissolved. Extract Co from this sol 'n by shaking with o.n 
cquo.l volume of ethyl ether-amyl alcohol (1:1). 

Draw off tho H 0 layer from this extraction into a second 50 ml 
sopo.ra tory fu~el, discarding the fGVT drops of mixed sol'ns which 
rcmu in in tho stopcock. 

(The Ni is contained in the H20 layer nnd is worked up separately 
o.s described in the procedure for Ni from Ni to.rgets, No. 28-6). 

(6) Add 10 ml of 6! NH
4

0H to the organic lo.yer in the first sepa.ro.tory 
funnel to destroy tne complex and rcextrnct the Co. 

(7) Drnw off the c,mmonio.cal lo.yor into a. sm..'1.ll boo.kor 1 heat to boiling, 
o.nd ppt CoS by adding NH

4
HS sol 'n. Propo.ro this ppt for counting 

o.s desired. 

Remarks: 

Sec Sandell (Colorimetric Dctcrminntion of ·Tro.ccs of Meto.ls) for 
further information on the extraction of Co from thiocyo.no.tc sol tns with 
ethyl ether - o.myl o.lcohol. If time allows, purification from Cu may be 
obtained by o.dding 2-3 mg Cu o.s the chloride sol 'n in step (3) a.nd ppting 
CuSCN o.s outlined in.thc procedure for Cu from Ni targots. (l'Jo. 29-5). 
Filter off the CuSCN, collect tho filtrate in ~ 50 ml scpo.ro.tory funnel, and 
proceed with step (4) above. 

8/19/49 
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CHEHIC::..L SEP~lRATIOHS 

Element separated: Cobult Procedure by: Stewart-Softky 

·Target mnterial: Copper foils ( N 3 g Cu) Time for scp1n: 4-6 hrs for 
12 foils 

Type of bbdt: 60 11 or 184 11 deuterons Equipment required: 100 ml 
· ben.kers 1 centrifuge cones, 
fil tor funnc ls, sep. funno ls 

Yield: 80-100% 

Derrcc of purification: 10
5 

from Cu, Zn activities 

Adva.nta.gcs: Can be used to s,;pa.ra.tc Co from copper in o. large number of 
samples simultaneously (e.g. for excitation functions) 

Procedure: 

(1) 

(2) 

(3) 

(4) 

(5) 

Remarks: 

Dissolve copper foil in 6 N HCl o.nd a fevi drops ~f 30% ~Oz. Boil 
off tho peroxide. Add 2 mg Fo, Zn a.nd Co ca.rricr as chlor~dcs. 

PrecipitC~.t\:: Fe (OH)
3 

•·rith excess liH11 0H, centrifuge o.nd pour off 
supcrna.t~nt. Dissolve prooipita.te~in HCl o.nd ropo~t. Add 2nd 
suporno.ta.nt to the original. 

Tttl:e solutio~2about ~hl !:!, with HCl. Add a few drops of NH4HSo3 to roduco Cu to Cu (shovm by dccolorizod or pale yellow 
solution). T!o.rm to noc.r boiling. Add HI1~SCN crystnls until 
no further precipitation of CUSCN ta.kos plo.co. Let settle for 
15 minutes. Filter through 1'!h.a. tmo.n 7j'"-1:2 filter paper directly 
into a. sepo.ra.tory funne 1. 1'i.tsh prec ipi to. to with a. 1% solution 
of }T.H

4
SCN containing a. little NH4HS03• 

Add 5 g NH, SCII to tho solution in the so para. tory funnc l und 
ex true t (Nfr

4
) Co (SON) 

4 
vJi th a. 1:1 umyl a.1cohol-diothyl other 

solution. J~da 2 ml cone. HCl and 1 g NH4SCif o.nd repca t cxtracti on 
until solvent layer is colorless (2-3 cxtrnc·bions usually suffic·icnt). 
Rc-oxtro.ct cobo.l t from tho combined solvent layers with 6,!! NH

4 
OH. 

l\.'fnko solution acid (pH 2-3) with HCl o.nd o.dd nn ndditiona.l 1 mg 
of Zn us ZnC1

2
4 Suturato ·with H.,S to precipitate ZnS, ocntrif~c 

a.nd decnnt supcrnntant into anotner cone. Mtkc slit:htly nrnmoniucul . 
nnd warm to coagulate CoS prccipito.tc. 

It was found th::-.t Zn cxtro.ctcd tnrtiully from the su t'tr.l. ted thiocyo.no.to 
solution with tho o.lcohol-cthcr mixture. 

8/24/49 
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CHEMICAL SEPARATIONS 

Element separated: Cobalt Procedure by: Stewart-Softky 

Target material: Copper foils (2-3 g Cu) Time for sep'n: 
12 foils 

4-6 hrs for 

Type of bbdt: 60 11 or 184 11 deuterons Equipment required: Filter 
funnels, beakers 

Yield: f'\J so% 

Degree of purification: 6 
10 from Cu 

Advantages: Can be used to separate Co from copper in a large number of 
samples simultaneously (e.g. for excitation functions.) 

Procedure: 

(1) Dissolve copper in minimum dilute HCl + a few drops of 30% H2o2• 
Boil off peroxide. Add 2 mg FO and Co carriers as chloride. 

(2) Precipitate Fo(OII) 3 with excess NH
4

0H. Filter and wash with 
NH

4
0H (dilute). 

(3) 

(4) 

Acidify fil tr~ to to about 0.1 ,!! HCl, add a few drops of NH
4 

HS0
3 to reduce Cu+ to Cu+, (decolorized solution) and warm to near 

boiling. Add NH SCN crystals until no fUrther precipitation 
of CuSCN takes piaco. Lot settle for 15 minutes. Filter through 
~1.:42 filter paper. ·Wash precipitate with a 1% solution of NH4SCN. 

Add sufficient cone HCl to filtr~to to make about 1 N acid and 
heat to near boiling. Add 5-10 ml of a freshly proPired solution 
of a-nitroso-~-naphthol reagent. (10 g a-nitroso-~-naphthol in 
100 ml 50% acetic acid). Let stand 30 minutes to insure co~plete 
precipitation of cobalt. 

8/24/49 
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CIIEl'!ICAL SEPARATIONS 

Element separated: Nickol ·Procedure by: H. Hopkins, Jr. 

Target mo. terio.l: As Time for seprn: 45 min. 

Type of bbdt: 190 Mev D+ Equipment required: st~ndnrd 

Yield: 95% 

Degree of purification: factor of 1../\103 

Procedure: 

(1) Dissolve As in minimum H}J0
3 

+ HCl, add 2 mg Se, Ge carriers, and 
5 mg Ni. 

(2) · Add ~1I40H to alkaline and pass in H2S rapidly. Centrifuge and wnsh 
NiS with H2o. 

(3) 

(4) 

(5) 

{6) 

6/28/49 
P-18-33 

Dissolve with cone. HCl and rcppt from NH40H. 

Dissolve in minimum cone. HCl, boil out H
2
S, a.dd curriers below Ge, 

dilute to 10 ml a.nd adjust pH to ~ 3 witfi ~\c. 

Add. dimethyl glyoxime solution until precipitation is complete. 
Centrifuge, dissolve ppt in cone HN07. and boil. 

v 

Dilute to 10 ml, mo.ke alkaline with NH40H and reppt with dimethyl 
glyoxime. 
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CHE!.HC.'\L SEPARATIONS 

Element separated: Nickel Procedure by: Goeckermann 

Target material: V"lg Bi metal Time for sep 1n: 1-2 hrs. 

Type of bbdt: 184" all po.rticles Equipment re3uired: Centrifuge, 
cones, 110 oven. 

Yield: ut 60%' 

De~ree of purification: Decomtamination factor~ 10
4 

from fission & spo.lla­
tion products. 

Advanta!!es: Separates Ni in good yield from most elements. 

Procedure: 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

To aliquot of HNO soln of to.rget, add 10 mg Ni, make neutral, 
add 5 ml 1)~ dimet~ylglyoxime in alcohol, wash with H2o and EtOH. 

Dissolve Ni d-m-g in 1 ml cone: I-IN0
3

, dilute, & scnv twice with 
CuS. 

Scav three times with PdS. 

Scav with Sb2s3• 

Boil out HzS, make basic with NH3, scav bvice with Fe(OH)3• 

M:tke 0 .5 N in HCl & scav with Pd d-m-g. 

Neutralize supn & ppt Ni d-m-g. 

Dissolve in cone HN0
3

, reppt Ni d-m-g, filter, wash with H2o & 
EtOH, dry 10 min o.t Il0°C. Weigh as Ni d-m-g (29.4 mg per 10 mg 
Ni). 

Remarks: Designed to purify a little Ni from a lot of ncti vity spread over 
the periodic to.ble. A few mg of carrier are used in the scavenges. 

7./6/49 
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CHEMICAL SEPARATIONS 

Element separated: Nickel Procedure by: Batzel 

Target material: Copper Time for sep'n: 40 min. 

Type of bbdt: All - 184 11 & 60 11 Equipment required: Standard 

Yield: 70% 

Degree of purification: At least factor of 100 from other activities. 

Advantages: Quantitative and specific for this region. 

Procedure: 

(l) Dissolve copper in minimum amount of concentrated nitric acid. 
Boil to dryness. Add 5 mg of Ni and 1-2 mg of holdback carriers 
for other elements Zn and be low. Remove copper as sulfide from 
l,!i HCl~ and wash precipitate with 1! HCl saturated with ~S. 

(2) Boil supernate to remove H
2
s. Neutralize with NH40H and make 

slightly acid with acetic acid. Add 1% alcoholic solution of 
dimcthyl-glyoxime (2 m1.). Centrifuge and wash the precipitate 
twice ·with 3 cc wa. '.;er containing 2-3 drops of acetic acid. 

(3) Dissolve the precipitate in concentrated HCl and again add 1-2 
mg of holdback carriers for other elements. Add NH

4
0H to neutralize 

make sliGhtly acid with acetic to reprecipitate. 

(·:1:) Heigh ns tho Ni - o.mg. 

Remarks: 

Reference: Scott's Standard ~bthods of Chemical Analysis, Volume I~ 
page 619. 

7/27/49 
P-18- 80 



0 0 0 0 7 (} J ~ 0 8 
28-4 

CinJHICAL SEP .. l.RATIONS 

Element separated: Nickol Procedure by: Stowart-Softky 

Target material: Copper foils (300-500 mg Cu.) Time for scp 1n: 3-4 hrs. for 
12 samples 

Type of bbdt: 6011 or 184 11 deuterons Equipment required: beakers, 
filter funnels 

Yield: V'llOO% 

Degree of purifico. ti%n: Complete so para tion of Ni from Zn, Cu, Fe, Co, r.:rn 
factor of V'\ 10 • 

Advantages: Rapid method by which many samples can be run simultaneously. 
Good yield v.ri th small amount of carrier. 

Procedure: 

(1) 

(2) 

(3) 

(1) 

(5) 

(6) 

Rcmo.rks: 

Dissolve copper in 6 N HCl + a few drops of 30% ~02 and boil off 
excess peroxide. • Add ..... 0.5 mg - 1 mg Ni ca.rricr us cliloridc. 

Ncutro.lizo with NH OH and mo.kc slightly acid with HCl. Add NH.HS03 +2 4 +1 ( ) . '.i: to reduce Cu to vu only 1 - 2 ml necessary and boll off excess 
so

2
• 

Precipitate CuSCl'J from the warm solution with a few crysto.ls of 
NH SCN# being careful not to o.dd a large excess of lJH11 SCN. Let 
sc~tle for 10 minutes. Filter throue;h Y.lh.atl'lk'l.n ~'/:-12 fitter paper 
and wash the prccipito.tc with a 1% solution of NH"SCN containing 
a little NH

1
so

3
• ~ 

Add 1 ml 50% tartaric acid to the filtro.tc, ~kc very sliGhtly 
ammonical and warm to ncar boiling. Add 1-2 ml 1% dimethyl 
glyoximc in ethanol to precipitate NiDMG. 

Fil tor through Y\'htt tman ~:'40 fil tor pnpcr and wash with hot water. 

Dissolve precipitate in dilute HCl and rcpco.t (~) & (5) to reduce 
Zn & Co contamination. 

Step (1): If solution is made too strongly ammonical, NiDMGwill be 
incompletely precipitated. 

7/28/1.:9 
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CHEMICAL SEPARATIONS 

Element separated: Nickel Procedure by: Folger & Hicks 

Target material:~/' 4 g U metal foil Time for s ep'n: 1-2 hrs. 

Type of bbc:t: 184 11 all high energy particles Equipment required: Centri­
c fuge, cones, 110 oven, 

NH3 gas. 

Yield: ....... 60% 

Degree of purification: 
6

Deconto.mina tion factor\./"' 10
4 

from fission & spalla­
tion products,~ 10 from elements 38-56. 

Advantages: Separates IH in good yield from mo:.:;t elements. 

Procedure: 

(1) To aliquot of target containing(./\. 10 mg Ni pass in NH • Centrifuge 
and wash twice with sat'd AqNH

3
• Combine supernatan~ and washings. 

(2) Scavenge with l<'e(OH) 3 • Then Sr and Ba carbonutes and Fe(OH) 3 (to clean the sol 1n). 

(3) To supernutant add l-2 ml 1% dimethylglyoxime in o.lcohol. Centrifuge 
and wash with H2o. 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

(10) 

Rem9;rks: 

Dissolve Ni d-m-g in 1 ml cone. HN0
3

, dilute to 3 Nand scav twice 
with cus. 

Dilute to l Nand scuv three times with PdS. 

Scav with Sb
2
s

3 
~ 

Boil out H2s, make basic with NH
3

, scav tvvice with Fe(OH)
3

• 

~,:Take 0.5 N in HCl & scav with Pd d-m-g. 

Neutralize supn & ppt Ni d-m-g, wash with H
2
o. 

Dissolve in cone. BN0
3 

dilute and neutralize, reppt Hi d-m-g, 
filter, wash with H2.0, dry 15 min at 110° C. 1'feigh as Ni d-m-g 
(29.4 mg per lO mg Ni). 

(1) DesignGcl to purify a littJ.e Ni from a lot of activity spread over 
the ;_Jc:.r j cC::\.c '~.G.r;le. .A few rrg of ca:cr:i.G1~ ore used in the t';cavr:mges. 

(2) YJhe re cnrrio r nm0unts of. Cu a1cd Co a:c0 p;~esent in the orir:ine.l 
target Goln, it may be ne!'}es,~;:;rv to remove these before ppt'ng 
Ni-d:ng since Co and Cu form dmg complexes. 

(3) Ni-dmg is somev!ho.t soluble both in alcohoJ. a.nd in excess d.m.g. 

8/4/49 
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There is 0.1. so a s J.. i:~l1 t ~ o].l~.b i ~it~)' in \-:c !1(; , N~{11 CII. 
J; 
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CHELITCAL SEPARATIONS 

Element separated: Nickel Procedure by: R. C. Lilly 

Target material: Cu, Ni ·Time for sep'n: 1 hour 

Type of bbdt: Deuterons - 184 11 

JIJeutrons - 60 11 

Equipment required: 
Beakers, funnels, 
fine sintered glass filter, 
50 ml separa tory funnels (3), 
15 ml centri~ge tube 

Yield: rJ 90% 

Degree of purification: Factor of 100 

Advantages: Purity of Ni product 

Procedure: A, B & C have steps 4-7 in common. 

P-18-207 

A. Nickel_£ro~J.~a:--~~d-E_otope_s) + p, d, n - 60 11 

(1) Dissolve lh foil, weighing 3-5 mg., in a fev11 dro·:'ls of cone HN0
3 and boil off HN03 with successive portions of HCl. Add 2 mg 

Co, 2 mg Fe and 5 mg Cu as the chloride sol'ns. 

(2) Dilute to 50 ml with H20 and heat to boiling. Ppt Fe(OH)
3 by adding NH40H in excess and coagulate the ppt well by heating. 

Filter the Fe (OH)
3 

ppt through {/42 Wha tman paper in a glass 
funnel and wash w~th a small amount of 1% NH Cl sol 1n. (The 
ppt is worked up separately as described in the procedure for 
Fe from Cu targets, No. 26-10). M:lke the filtrate slightly 
acidic with HCl. Add cone NH

4
HS03 sol 1n dropwise until all 

of the Cu is reduced (as shown by the lack of c.ny localized 
blue color when a few drops of cone NH40H o.re added). Add 
solid NH4SCN dissolved in a small amount of H20 until ppt'n 
is complete. 

(3) Coagulate the CuSCN ppt by heating and filter it through a 
double thickness of -/,'42 rfhatman raper in n glass funnel. 
Discard the ppt. Boil the filtrate to a volume of 10 ml 
to expel so

2 
and transfer to a 50 ml separatory funnel. 

B. J!ickel fr:_?m Cu(50-100 mg) + d - ~4 11 

(1) Dissolve Cu target in cone. TICl containing a few drops of 
cone. IINO.~. Boil off the excess HN03• Add 2.mg Co, 2 mg Fe, 
and 2 mg Ni as the chloride sol 1ns. 

(2) Dilute to 50 ml with H20 o.nd hea.t to boiling. Ppt F'e (OH) 3 by adding ~IT1 OH in excess and coagulate the ppt well by 
heating. Fiiter the Fe (OH)

3 
ppt through 1\~42 Whutmun paper 

in a glass funnel and wash with a small amount of 1% NH4Cl 
sol'n. (The ppt is worked up separately as described in the 
procedure for Fe from Cu targets, No. 26-10). Make the filtrate 
slightly acidic with HCl. Add cone. NH4 HS03 sol 'n dropv;ise 
until all of the Cu is reduced (us shown by the luck of any 
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localized blue color vthen a fevt drops of cone NH40H o.re 
added). Add so1id NHJ.SCH dissoivcd in a. small amount of. 
H20 until ppttn is co~plete. 

(3) Coo.gulate fue CuSCN ppt b~r heating and filter it through a 
double th:i.ckness of {f42 1Nho.tmo.n po.per in o. glass funnel. 
Disco.rd the ppt. Boil the fi1tro.te to a volume of 10 ml 
to expel s~2 o.nd transfer to o. 50 ml separo.tory funnel, 

C. Nickol ~~~Gu (0.1- 0.5 gms)...:t,_n- 6011 

(1) Dissolve Cu target in 10 ml of hot 6! HN03 in o. small beaker 
and boil off BN03 with successive portions of HCl. Add 2 mg 
Co and 2 mg Ni o.s the chloride sol'ns. 

(2) Add ~0 o.nd HCl so as to give a volume of 25-30 ml with 
0.3 N•0.5 N HCl. Heat to boiling and pass in H S to ppt 
CuS.- Coagulate the ppt by heating and filter i~ through a 
smo.ll fine sintered glass filter. Wash the pptwith o. 
small_ o.mount of H2o and discard it. 

(3) Boil the filtrate to a volume of N 10 ml and then transfer 
it to a 50 ml scpo.ratory funnel. 

In all three of the above co.scs continue o.s follows: 

(4) Add 5 gm$ of solid NH4SCN and shake until all of the crystals 
are dissolved. Extract Co from this sol'n by shaking with 
an equal volume of ethyl ether - a~yl o.lcohol (1:1) 

(5) Draw off the n2o lo.yer from this extruction into a second 
50 ml scparatory funnel, discarding the few drops of mixed 
sol'ns which remain in the stopcock. 

(The Co is contained in the organic fraction and is worked 
up separately us described in the procedure for Co from Cu 
targets, No. ~). 

(6) Add 2 mg of Co as the chloride sol'n to the H2o layer in the 
second funnel and recxtract with an equal volume of ethyl ether­
amyl alcohol (1:1). Draw off the H2o layer into a 50 ml 
beaker, boil to a volume of 5 ml. and transfer too. 15 ml. 
centrifuge cone. Discard the organic layer. 

(7) Make tho so l'n slightly ammoniacal and add 1 ml of 1% DMG 
in alcohol to ppt Ni. Centrifuge and discard the supernatant.~· 
Wash the ppt with H2o, centrifuge, and discard the wash. 
Prepare the ppt for counting as des ired. 

Remarks: Sec Sandell (Colorimetric Determination of Traces of 11:etals) for 
further information on tho extraction of Co from thiocyanate sol'ns 
with ethyl ether-amyl alcohol. 

8/19/49 

P-18-226 
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CHEMICAL SEPl~RATIONS 

Element sopo.ro.ted: Niclrol Procedure by: R. C. Lilly 

Target mo. to rinl: Cu (10 'g,'n.S) 

Type of bbdt: Neutrons - 184 11 

For cnlutron s cpo.rotion 

Timo for scp'n: 3 hours 

Equipment required:. beakers, 
funnels, centrifuge cone 

Yield: f'J 90% 

Degree of purification: Factor of 100. 

Advantages: Separates Ni from largo amounts of Cu. 

Procedure: 

(1) 

(2) 

(3) 

(4) 

Dis3olvc Cu target in 50-100 ml of hot 6 N HCl containing 
5 ml of 30% H2o • Boil off excess H2o

2 
and add 25-50 mg Co 

and 5 mg Ni o.s €he chloride sol 'ns. D~lute tho sample to rv 1 
liter and add NH

4
0H until tho sol'n is neutral or very slightly 

acidic. ' 

Add cone. NH4HSo~1 sol•n., 1 ml at o. time, until all of the Cu 
is reduced (as snown by the lack of any loco.lizod blue color 
when o. few drops of cone. NH

4 
OH o.rc added). Add solid NH4SCN 

dissolved in u small amount of H
2
o until ppt 'n is complete. 

Coo.gulo.te the CuSCN ppt by heating and filter it through o. double 
thickness of ~'/42 Who.tmnn paper in a large glass funnel. D.i.sc[trd 
the ppt. 

Boil the filtrate too. volume of 200 ml nnd make tho sol 1n slightly 
ammoniacal. 

(5) Add 1% DlfJ.G in alcohol until no further ppt is produced. Add NH
4

0H 
until the sol'n is distinctly basic.' 

(6) ·coo.gulo.te the ppt by heating and then filter it through 1i~2 Whatman 
paper in a glns s funne 1~ Wo.sh tho ppt thoroughly with warm H2o. 
Ignite.the ppt until nll of the paper is burned off. 

(7) 

(8) 

Dissolve the NiO in HCl o.hd add 100 mg Cu nnd 10 mg Ni ns the chloride 
sol'ns. Adjust the acidity as in stop (1) and repent stops (2) ~d 
(3). 

Boil the sol'n to a. low. volume o.nd transfer to a centrifuge cone. 
~hkc slightly o.mmonio.ca.l o.nd ppt Ni with DMG a.s in step (5) nbovc ~ 
Coagulate the ppt inn hot H2o ba.th, centrifuge, and disco.rd tho 
superno.ta.nt. Propo.ro tho ppt for counting o.s desired. 

Romo.rks: The above procedure vms designed for preparing a. sample for ano.lysis 
in the co.lutron. In ca.se o. smaller spectrograph is to be used, tho 
o.mount o.nd fino.l form of the Ni mo.y noed cho.nging. 

3/19/49 
P-18-232 
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CHEMICAL SEPARATIONS 

Element separated: Copper 

Target nia terinl: A.s 

Type of bbdt: 190 1\lfev D+ 

Yield: ) 90% 

De~roe of purification: 

Procedure: 

3 
factor o:f V"'lO 

J 
29-1 

Procedure by: H. Hopkins, Jr. 

Time for s ep 'ri: 3/4 hr. 

Equipment required! stnndc.rd 

(1) Dissolve As in HCl + HN0
3

, evo.p off HN0
3

, add 5 mg Cu currier and 
1 mg other holdbncks. 

(2) Ppt from 1 N HCl with rr
2
s. Wash with H

2
o and treat ppt severo.l 

times vlith 1 N KOH. Wo.shes out .f' .. s & Ge - discard. 

(3) Dissolve remining ppt in minimum cone. mJ031 evup to dryness with 
HCl. 

(4) Dilute to 1! HCl, a.dd pinches of solid No. 2so3 o.nd No.CNS. 

(5) If the precipitate is not pure v1hite add more No.
2
so

3
• After two 

minutes centrifuge. 

(6) Dissolve with hot cone. liCl and repent precipitation. 

(7) l'!eigh as Cu SCN. 

Re:mo.rks: Holdba.cks added Cr through Sc except As _&_ Cu. 

6/28/49 
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CHEI\UCAL SEPARATIONS 

Element separated: Copper Procedure by: Entzel 

Target material: Copper Timeforsep'n: 40min. 

Type o.f bbdt: 60 11 18411 ,linear 
accelerator - all particles 

Equipment r~quircd: standard 

Yield: 80% 

Degree o.f purification: 
3 

factor of 1./\10 

Procedure~ 

(1) Add holdbnck carriers for the necessary elements. Dissolve the copper 
in as little HCl as possible adding H20

2 
to speed up the solution. 

(2) Ho.ke J. N" in HC 1. Reduce the Cu ++ to Cu + with Na
2
so

3
, cool and add 

No.C:t-TS un"til prccipito. tion is complete. 

(3) Centrifuge and vmsh the procipito.te with cold wo.tcr. 

(4) The precipitate can be dissolved in concentrated mm
3 

or HCl. 

(5) Rcprecipitation co.n be accomplished by diluting to 1 N, reduc~ng 
and reprocipi kting ni th thio~yanate. 

Remarks: 

(1) 

(2) 

(3) 

(4) 

7/6/49 

P-J.8 ... ~,3 

Copper can also be precipitated as the sulfide from 0.5 N to 1.0 N 
acid solution, and the procipitate ·dissolved in fuming HN0

3
• 

A drop of wetting agent will prevent the tendency o.f the precipitate 
to creep. 

In redissolving care must bo taken since the evolution of gas is 
profuse. 

Three prec i pit? ti ons of the Cu are enough to give a decontamination 
factor of ,·vl0°. 
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CHEMICAL SEPARATIONS 

Element separated: Copper Procedure by: Goeckermnnn 

Target material: Vl 1 g Bi mta1 Time for sep'n: 1-2 hrs. 

Type of bbdt. 18411 all partie les Equipment required: Centri­
fuge~ cones~ 110° oven. 

Yield: V) 60% 

Degree of purification: Decontamination factor 1.1'\ 104 from fission & spalla­
tion products. 

Advantages: Good yield of Cu purified from all other elements. 

Procedure: 

(1) To aliquot of HN07. soln of ·target~ add 10 mg Cu, make basic with 
NH3 ,. centrifuge o8t Bi(OH)

3 
& scavenge with Fe(OH)

3 
and BnC0

3 (aad K
2
co

3
). 

(2) 1hke supn 0.5 N in HCl. Bubble in so
2

, add KCNS until CuCNS ppts 
(slight excess} 

(3) Dissolve Cu CNS in HN0
3 

& make neutral. Add 1.'CU & scavenge with CdS. 

(4) Acidify t.. boil off HCN (caut~! ), add Sr & Y holqback, ppt GuS 
from 3N' HCl. 

(5) DissolvG in mm
3

, add HCl & destroy HN03 • Dilute to 0.5 N HCl & 
scavenge twice with AgCL 

(6) 

Remarks: 

7/6/49 
P-lG-313 

Ppt CuCNS from supn, filter, wash with H
2
o & EtOH, dry 15 min. at 

ll0°C. 1'"eigh as CuCHS(l9.2 mg per 10 mg Cu). 

Scavenges made with 1-5 mg carrier. 
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CHEMICAL SEPARATIONS 

Element sopurutcd: Copper 

Target nn terial: 4/\4 g U tw tul foil 

Type of bbdt. 184 11 all high energy po.rticlcs 

Yield: t/) 60% 

6 
29-4. 

Procedure by: Folger & Hicks 

Time for scp'n: 1-2 hrs. 

Equipment required: Centri­
o 

fugc~ cones, 110 oven. 

Degree of purification: ~econtnmination factor vn 104 from fission & spalla­
tion products. ~ 10 from clements 38-56. 

Advnnta~es: Good yield of Cu purified from all other elements. 

Procedure: 

(l) To aliquot of HN0
3 

or HCl soln of target, add 10 mg Cu, make basio 
with NH

3
, cen·crifugo out Bi(OH)

3 
& scavenge with Fe(OH)

3 
and Baco3 , 

Srco
3 

(add K2co3). 

(2) Ihkc supn 0. 5 N in HCl. Bubble in so2, add KCNS until CuCHS ppts 
(slight excess) 

(3) Dissolve Cu m;rs in HN03 & rru:1.ko neutral. Add KCN & sca.vcnge with 
CdS, As 2s3 and Tcs2• 

(4) Acidify & boil off HCN (cautio~!), add Sr, La & Y holdbucks, ppt 
CuS from 3N HCl. 

(5) Dis sol vc in minimum HN03• Dilute to 0. 5 N H+ & s ca.vcnge twice with 
AgCl. (Boiling helps coagulate AgCl). 

(6) Ppt CuCNS from supn, filter, wash with H2o & EtOH, dry 15 min. at 
110° C. Weigh us CuCNS(l9.2 mg per 10 mg Cu). 

Remarks: Scavenges made with 1-2 mg currier. 

7/28/49 
P-18-'95i 
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CHEHICI~L SEPARA.TIONS 

Elome nt se pa ro. to d: ~oj,t~~X: Procedure by: R. c. Lilly 

Target ma.terin.l: Ni (sopc.ro.tod isotopes) Time for scp'n: 4-5 minutes 

Typo of bbdt: Protons - 3711 and 6011 

Deuterons - 60 11 

Equipment required: 
S rrn 11 benkc rs., 
Hirsch funnel 

Yic ld: 50- 75% 

Dogrcc of purificntion: Fn.ctor of. 5 

.t..dvnnto.res: speed 

Procedure: 

(1) Dissolve Ni foil, weighing; 3-5 mg., in a 10 ml boo.kcr oonto.ining 
0.5 ml of hot 6 ! mm

3
.. Tako to .dryness on a. prohoo.tcd hot plo. to. 

(2) ll.dd 3-4 dro 'S of hot cone HCl o.nd to.ko to dryness. Repent. 

(3) Add t~c following in succession, warming ufter ench addition: 

(4) 

(5) 

2 mg Cu nnd 2 mg Co o.s 2 ml of tho chloride sol 1ns; 0.5 ml cone 
NH

4
Hso3 sol 1 n.; a.nd 0. 5 mllO% 1TH

4
SCN sol 1n. 

Stir a.nd wc.rm slightly. Filter the sc.mple through a. 1/42 Ylho. tmo.n 
filter pa.pcr disc held in n Gooch crucible or Hirsch funnel 
nnd prcwct with o. few drops of 0.1! 1ffi4SCN - 0.1! 1TH

4
HSo3 wa.sh 

sol 1n. 

Wa.sh with o. smo.ll umount of 0.1 N NH SCN- 0.1 _!! NH
4

HS0
3

. wash 
sol 'n follov~ed by a. few drops of-c..co%one. Mount for counting. 

8/19/49 

P-18-231 
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CBE1':ITCAL SEPARATIONS 

Element separated: Zinc Procedure by: Goeckermann 

Target ma. terial: V"\ 1 g Bi metal Time for sep'n: V'\ 1 hr. 

Type of bbdt: 184" bbdt all particles Equipment required: Centrifuge, 
cones, ice, vacuum dessicator 

Yield: 1Jt. 70% 

Dogroe of purification: lJo detectable contamination from other fission and 
spallation products, 

Advantages: Good yield of pure zinc. 

Procedure: 

(1) To aliquot of nitric acid soln of Bi, a.dd 10 mg Zn~l ml sat. H2 c2o4 , 
and make 1 N in HNO (10-25 ml). Cool in ice bath, ad:i 3 ml Zn rcagmt 
(39 g KSCN aissolve~ in 200 ml H.;O. Stir in 27 g. HgC1

2 
while diluting 

·to 1 liter), stir 5 min. (scratefi glass to begin pptn.) 

(2) Dissolve ZnHg(SCN)
4 

in 5 ml 2N HN0
3 

and dilute to 1 n. Add 1 ml sat 
H2c

2
o

4 
and 3 ml Zn reagent. 

(3) 

(4) 

(5) 

(6) 

(7) 

Repeat (2). 

Dissolve ppt in 2 N HN0 7 ·' dilv.to to 1 N, and ppt HgS. Neutralize 
supn to 0.3! HN03~vith

0Na0H and ppt Bi2s3 (5 mg Bi) three times. 

I'{ake 1 !! in NH
4
Ac and ppt ZnS. 

Dissolve ppt in 5 ml cone HBr, evap to dryness several times, take up in 
10 ml 0,5! NaOH, add 1 ml 2M Na 2co

3
• Ppt Fe(OH) 3 (2 mg) and Baco3 (5 mg) three times f'rom hot soln. 

Add HCl to mnke 1! and 1 ml sat E2c2o
4

• Add 3 ml Zn reagent to cold 
soln, stir 3 min, filter, wash three t1mes with 5 ml absolute EtOH and 
three times with 5 ml ether, dry 7 min in vacuum dessicator. Weigh as 
Zlli~g(SCN)4 (76.2 mg per 10 mgZn), 

Remarks: Standardize carrier as ZnHg(SCN)
4 

also. Final ppt poor if' radiations 
soft because of large self-absorption correction required. 

6/27/49 
P-18-2.8 
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CHEI':ICAL SEPARATIONS 

Element separated: Zinc Procedure by: H. Hopkins, Jr. 

Target :rr.atcrial: As. Time for sep'n: 1 hr. 

Type of bbdt: + 190 Mev D Equipment required: standard 

Yio ld: Ll\ 60% 

Degree of purification: factor of V'\50. 

Procedure: 

(1) Disso}vo As in 10! HN03• Add·lO mg. Zn carrier and dilute to 
1 N H . 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

Remarks: 

6/27/49 
P-18-35 

Add 0.03 H ammonium mercuric thiocyanate solution dropwise until 
pptn of Zn is complete~ 

Dissolve in cone. HN031 add other holdback carriers and rcppt. 

Dissolve in HN0
3

, evap. off mm
3 

with HCl, scavenge with cuS from 
2 N HCl; 

Ppt ZnS from solutio11 0.01 M H+ ~ -
Dissolve in 1 drop cone, HCl & dilute, 

+ Ppt from 0.01 M H , 

Holdback co.rricrs that oan be added Cr thru So except As & zn. 
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CRSUICAL SEPARATIONS 

Element separated: Zinc Procedure by: Batzel 

Target material: Copper Time for scprn: 40 min. 

Type of bbdt: all particles 18411 & 60 11 Equipment required: Standard 

Yield: 60% 

Degree of purification: 3 factor of ~10 • 

Procedure: 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

Remarks: 

The copper is dissolved in concentrated HNO., or HCl and H2o2 to 
speed up solution. Five mg of Zn and 1 or 2 mg of holdback 
carriers for tho necessary elements are added. 

The copper is removed as the sulfide from a 1 N acid solution~ NH4o~ 
added to make the soln alkaline and then H

2
S added to complete prec~­

pi tation. 

The precipitate is washed with a solution containing a couple of 
drops of NH

4
0H and saturated with H2s. 

After centrifugation 2-3 ml. of 5 lJ HCl o.re added 1 the precipitate, 
stirred well, and the solution centrifuged almost immediately (after 
o.bout one minute). The zinc and manganous sulfides nrc dissolved 
while the nickel and cobalt sulfides are attacked slowl~'· 

The supernate is boiled to remove H
2
s approx 1 ml cone~ lJHt_OH 

added to neutralize tho HCl and an equal volume (3 1 4 cc) of cone. 
HAc added. The solution is heated almost to boilinc; and saturated 
with H

2
S to precipitate tho Zn. 

The precipitate is dissolved in 1 N HCl - tho H S boiled off and 
2 mg Fe holdback carrier added. 2 to 3 pclle~s of NaOH are 
added and the ppt removed leaving the Zn in solution as zincatc. 

The solution is made 1 N in HCl and zinc reagent o.ddcd to perform 
the final precipitation~ 

(1) Tho Zn rcazent is made from 32 gm NH_~SCN & 27 t;m HgC1
2 

in 500 ml 
H20. (See Scotts Standard Methods ot Chemical Analys~s, Vol. i,p.4G) 

(2) The Zn reagent precipitate co.n be dissolved in 5-6 N mm
3

• 

(3) The Zn reagent is a satisfactory analytical procedure, but the 
gravimetric factor should be determined experimentally. 

7-/6/49 
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CHEMICAL SEPAR'I.TIQIIJS 

Element separated: Zinc 

Target material: Copper foils (c~ 300 mg) 

Procedure by: Stownrt­
Soi'tky 

Time for scp'n: 1-2 hrs. 
for 12 samples 

Type of bbdt: 60 11 or 18·111 deuterons Equipment required: 
100 ml beaker 
40 ml centrifuge cone 
fil tor funnc 1 
20 mesh aluminum 

Yield: 80-100% 

Degree of purification: 
acti vi tics. 

4 Decontamination by factor of ~10 from other 

Advantages: Simplicity. Can be used to scpa.rate Zn from copper rapidly 
in a large number of srunplcs simultaneously (e.g. for excitation 
func ti ens ) • 

Procedure: 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

Remarks: 

Dissolve Cu foil in 100 ml boo.kcr with a minimut1 amount of 6N 
E1J0

3
• Add 2-3 mg Zn carrier o.s nitrate or sulfate. 

Add 1 ml cone. H2so4 C~.nd cvapora to to so
3 

fumes to remove HN0
3

• 

Dilute to 2-3! H2so
4 

o.nd add about 500 mg 20 mesh aluminum. 
Boil until C~.ll Cu is reduced and for about 5 minutes C~.ftcr tho 
solution nppcars to be watcr-whi tc. Cool. 

Filter through Q rapid filter po.per and co.tch filtrate in a 
40 ml centrifuge cone. Wash Cu ppt with 0.1! - H2so4 ~ 

Add a drop of methyl orange to the filtrate and adjust to pH 2-3 
with !ITC~.OH nnd d~ lute H2so,1• 

Saturate with ~S to precipitate ZnS, centrifuge, and decant 
supernatant. 1vtsh with 0.01! H2so

4 
containing H

2
s. 

Plo.te ZnS & count. 

Method is designed to give rapid separation of Zn from Cu when doing 
6 to 12 samples simultaneously. There is some Cu contamination after 
only one aluminum reduction, but this is much less than O.l%whcn only 
300-500 mg of Cu is used for the target. Contamination could be 
reduced by adding 1-2 mg inert copper carrier c.s chloride or sulfa to 
after filtering (step 4) & precipitating CuS from 1 ! H2so4 with H2S~ 
After removnl, rcdu~c acidity to 0.1 - 0.01! H

2
so

4 
& ppt zns. 

7/28/49 
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CHEMICAL SEPAR/tTio:t,TS 

Element separated: Zinc Procedure by: D. B. Stewart 

Target material: Copper Time for scp'n: 2-4 hrs. 

Typo of bbdt: 60" or 184 11 Equipment required: 
150 m1 boakc r 
filtar funnel, 40 ml 

centrifuge cone, 
stainless steel electrode 

to fit 150 ml beaker 
platinum c lee trodc 
D. C. source 

Yield: . 80-100% 

Degroe of purification: Complete separation from coppe~ better than 10
6• 

J:.dw.ntuges: Only sme-ll amount of carrier needed a.s compnred to copper. 
(1 mg Zn ca.rrior can be recovered quantitatively from up to 20 g Cu) 

Procedure: 

(1) 

(2) 

(3) 

(4) 

(5) 

Remarks: 

Dissolve copper in 6!- HN03 and evaporate off excess a.cid. Add 
l mg Zn ca.rricr as nitrate ~d 0.5 ml cone. H2so4 • Dilute to about 
100 ml with wo.tcr. 

Elcctrodcposit copper on. a stainless stool cathode at 2-3 volts, 
5-10 amperes using a. rotating Pt a.nodc. Set a.ppa.ratus in a.n icc 
bath during the electrolysis. 

i\lhcn solution is water-white, turn off current a.nd quickly remove 
electrodes. Eva.':>ora.tc solution to so3 ·fumes to remove I1N03• (It 
rno.y be necessary to add a. fovr drops of H2so4 ). . Dilute to 20 ml 
{or about 1! ~so4 ). Saturate with H2S to precipitate remaining 
copper. 

Filter through Vfuatrno.n~(42 filt0r paper, ·wash precipita.to with 1 U 
H2so4 containing a. little H2s. Boil filtrate to expel excess H2s7 

Transfer solution to a. 40 ml centrifuge cone. Add a. drop of methyl 
ora.ngc indicator and adjust to pH 2-3 with UnOH and dilute H2so4 • 
Saturate with H2S to prccipita.te ZnS. Centrifuge, decant supernatant, 
and wash with 0.01! H2so4 containing E2S• 

(Step 2) Ca.thode used was n stainless stool inner jacket for tho beaker 
with a. strip extension for outs~de connection to the electrolysis unit. 
Exposed surfa.cc was about 75 em • Deposit is not very smooth at this 
current and cooling 1s necessary. 

7/28/49 
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CW':HICAL SEPARfi.TIOUS 

Element separu ted: Zinc 

Tarc;et material: V'\ 4 g U metal 

Type of bbdt: 18411 bbclt all high energy 
particles 

Yield:"'"' 70% 

30-6 

Procedure by: Folger & Hicks 

Time for sep'n: er. 2 hr. 

Equipment required: Centri­
c 

fuge, cones, ice, 110 oven 

Degree of purification: No detectable c%ntaminntion from other fission and 
spalle. tion products - :(actor of "-'10 decontc.mination. 

'.Procedure: 

(1) To aliquot of nitric acid soln of U containing r'"' 10 mg Zn add 1 ml 
sat. H

2 
c2o

4
, and muke 1! in HN0

3 
(10-25 m1). Cool in ice bath, 

add 3 ml Zn reagent (39 g KSCN dissolved in 200 ml 1!20• Stir in 
27 g HgC1

2 
while diluting: to 1 liter), stir 5 min. (scratch glass 

to begin p~tn.) 

(2) 

(3) 

Dissolve ZnHg(SCN)
4 

in 3 ml 4 N HN03 
sat. E2c2o4 and 3 ml Zn reagent. 

Repeat (2), but do not add H2c2o4 • 

and dilute to 1 N. Add 1 ml 

(4) Dissolve ppt in 2 ! :mw3 , dilute to 1 ~' and ppt CuS, Ag2s, SnS2 , 
Sb2s

3
, Bi

2
s

3
• Repeat using CuS as final scavenge. · 

(5) Hake l ll_ in NH
4

Ac and ppt ZnS. 

(6) Dissolve ppt in G ml cone. HBr, evap to dryness several times, take 
up in 5 ml ! NaOH, add 1 ml 2 !2 Na 2co3 • Ppt Fe (OH)3 (2 mg) and 
Baco3 + s~~o3 (2 mg) three times from hot soln. 

(7) Add HCl to make 1 N. Add 3 ml Zn reagent to cold soln, stir 3 min, 
filter, wash three-times with 5 ml absolute EtOH and three times 
with 5 ml ether, dry,.._, 15 min. in 110° C oven. Weigh as ZnHg (SCN)4 
(76.2 mg per 10 mgZn). 

Remarks: Standardize carrier as ZnHg{SCN)
4 

also. Final ppt poor if radiations 
soft because of large self-absorption correction required. 

8/4/49 
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30-7 

CHEMICliL SEPI' ... Ri\.T IONS 

Element sopnrntod: Zino Procedure by: R. c. Lilly 

Target material: Copper Time for sep'n: 6-8 hours 

Typo of bbdt: Deuterons - 6011 Equipment required: Pt evapor­
atinG dish, pt anode, 
stirring motor 1 DC source 
supplying 2-4 amps ntN 5 
volts, pH meter, bonkers 

Yield: rv 100% 

and funnels 

Degree of purification: excellent - at lonst factor of 100 from other 
activities present. 

Advantages: Ensy method for removing lnrgo amounts of Cu 

Procedure: 

Tho weight of Cu used should not exceed 2 gms for the quanti tics nnd 
volu.11es given below. If the amount of Cu is large, it is a.dvisa.blo -to 
dissolve the target nnd remove an nliguot. 

(1) 

(2) 

(3) 

(4) 

(5) 

Dissolve Cu ~~rget in HN0
3 

and take the sol'n to dryness. 

Redissolve the Cu(N0
3

)2 by warming with H
2

0; then ndd 2 m1 
cone HN0

3
, 2 ml cone F.ZS0

4
, nnd 2-5 mg Zn as znso

4 
sol'n• 

Transfer to a Pt evaporating dish; tho ·sol 1n volume should bo 
;v 50 ml. Using a rotating Pt anode, remove Cu by electrolyzing 
for from one to sovcrnl hours at 2-4 amps and rv 5 volts. Tho 
sol'n should become colorless. Pour tho sol 1n from tho dish 
into a bcc.kor; rinse tho Cu doposi t with several small portions 
of H

2
0 a.nd ndd them to tho main sol'n. 

Boil the sol'n to a low volum:J; add 2-5 ml 30% H 0 c.nd boil off 
cxce~s H2o2 ~ Pptwith NH

4
0H, filter, c.nd discnr& ~he ppt, if 

any J.S pro sent. 

llihke the filtrate 0.3 N in•HCl, hent to boiling, nnd pass in 
H

2
S to ppt CuS. Filter and discard the ppt. Test for comploto 

ppt'n by again passing in H2S. 

(6) Boil the filtrate to drive off excess H2S. Adjust the sol 1n to 
pH 2-3 with NHL! OH. Pc,ss in ~S to ppt zns. Filter nnd wc.sh tho 
ppt with H

2
o. "Dissolve the ZnS in 1 N HCl if desired or use as 

is. 

Romo.rks: 

The ZnS in stop (6) should be whi to. If it is not, further purifica­
tions mny be necessary for Cu a.nd Fo nnd perhaps for other metal impurities 
such as Ni and Cr. ~gis procedure hus been used for the prcpnrntion of 
pure compounds of Zn • 

Soc Hillebrand & Lundell (Applied Inorganic Annlysis) for further 
information on Cu deposition. P-18-238 
8j19/49 
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Element separated: Zinc Procedure by: Nov1ton 

Tnrgot m.a.tcrinl: Thorium metal (.1-1 gm) Time for sop 'n: . ,..._; 3 hrs 

Typo of' bbd t: 6011 ul r?hns Equipment required: Stnndo.rd 

Yield: rJ 50% 

Degree of' purification: > 10
6 

Procedure: The Th metal is dissolved in cone HCl plus u few drops of 
.2 M (NH

4
)2SiF6 to clear up tho blo.ck residue. The HCl is diluted 

to '! _!! o.xldan aliquot tuken • 

(1) 

(2) 

(3) 

('1:) 

(5) 

(6) 

(7) 

(8) 

P-18-27~ 

.Add 10 mg Zn++, 1-2 ml H
2
c2o,

1 
(sat.) nnd HN0

3 
to mako 1 ,!1 . 

(10 to 25 ml.) Centrifuge out Th(c
2

o/ )
2

•. Cool in icc bnth o.nd 
o.dd 3 ml Hr.Cl 2-KSCN reagent. Stir nnd scratch g1o.ss to ppt, let 
sto.nd 3-5 min. Centrifuge out ZnHg (SCN)

1 
ppt. 

:.r 

To ppt, ndd 1 •. 5 m1 6 _1! EN03 c.nd 3 ml H2o. Boil until ppt dissolves 
and for 1-2 minutes longer to remove decomposition products. Dilute 
to 10 m1 and cool in cold wo.tor. Add 1 ml so.t ~c2 oi!.. o.nd 3 ml 
HgC1

2
-KSCN reagent. Stir for 3-5 min to ppt. Centrifuge. 

Rcpoo. t (2) on ppt. 

To tho ZnHg(CNS) o.dd 15 ml 6 N HNO o.nd 3 ml ~0. Boil to dissolve 
o.nd for 12 min. ionger. Dilute to to ml and so.turo.tc with H

2
s. 

Centrifuge. To supernate add 1 ml 6 N No.OH, 5 mg Bi currier o.nd 
so. turo.te with H

2
S. Centrifuge. - . 

• Repeo. t Bi2S3 
scavenging tvvice •. .' .. dd 2 ml6 ~NH4.i~.c(pHrv 5), suturo.te with 
HzS , centrifuge out tho vJhi te ZnS. 

Dissolve ZnS in 5 ml cone HBr. Evap to dryness over o.n open flame. 
Repent evaporation ~tice vdth.5 ml portions of HBr. To.kc up 
residue in 10 ml 0.5 1:1 NaOH, add 1 m1 2 H No.2co3 und boil. Keep 
solution agitated and-add 2 mg Fe+++ nnd-5 mg Bo.++ dro~tisc. 
Direst hot solution 1 min., centrifuge. Repent hydroxide scavenging 
twi co on su pc rnn to • 

To tho c lenr supernate o.dd '.1 ml 6 M HCl o.nd 1 ml so.t H2c2o
1

• Cool 
in cold vra. tor o.nd o.dd 3 ml ICSCN-HgC12 reagent. Stir occo.SJ.ona.lly 
for 3-5 min. Centrifuge out ZnHg(SCN)A. 

"' 
Suspend the ZnHg(SCN), in o.bout 5 ml rr

2
o and transfer with aid of 

vmsh bottle to a wcigflcd filter pn.por J.n n smull Hirsch funnel. 
Fil tor viii th suction. 

nash ppt 3 times with 5 ml EtOH (absolute) and throe times 5 ml 
Et

2
o. Transfer paper to smnll watch glo.ss in vacuum dosioco.tor. 

Evncuute. 2 min. Rclcusc, cvo.puo.tc 5 minutes. Heigh as ZnHg 
(SCN) 

4
• 
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30-8 (po.go 2,) 

Romo.rks: To m.o.kc HgC12-KSCN rco.gont dissolve 39 gms KSCN in 200 ml ~0. 
Stir in 27 gms HgC12 vvhilo diluting to one liter. 

This method hns boon described previously (Fhys. Rev. 75 17 (1949)). 

P-18-278 
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CHEMICAL SEPARATIONS 

Element separated: Gallium Procedure by: H. Hopkins, Jr. 

Target rna to rial: As Time for sop 1n: 1/2 hr, 

Type of bbdt: 190 Mev D+ Equipment required: standard 

Yield: V'\ 80% 

Degree of purifico. tion: radiochemically pure by factor of Vll03 

Procedure: 

( ) D +++ 1 issolve As in 10 !!, HN03, add 10 mg Gn carrier & 1 mg Fe carrier, 
evap to near dryness 

(2) Add 6 N HCl and when cool extract twice with equal volumes of 
ethyl ether. 

(3) ·wash five times with 1/3 volumes 6 ! HCl. 

(4) Extract into 5 ml H2o. Add KDH to 1 Nand centrifuge. 

(5) To supernatant add HCl till just neutral, adjust pH to ~5.5 with 
traces of NH

4
0H and HAc. 

(6) Centrifuge off Ga(OH) 3• 

Remarks: .If want to check chemical yield weigh o.s the 8 hydroxy quinolatc 
precipitated from slightly alkaline solution. 

6/27/49 
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31-2 

CHEIUCAL SEPARATIONS 

Element separated: Gallium Procedure by: Goeckermann 

Target Illllterial: V"t 1 g Bimetal Time for sep 1n: 1-2 hrs. 

Type of bbdt: 184" all particles Equipment required£' Centri-· 
fuge 1 cones~ 110° oven. 

Yield: V\ 80% 

Degree of purification: Decontamination factor~ 104 from fission & spalla­
tion pro duo ts. 

Advantages: Good yield of pure Ga. 

Procedure: 

(1) 

(2) 

(3) 

(4) 

To aliquot of Hl'JO soln of target, add 10 mg Go. & V" 2 mg ]ib, 
destroy HN03 & ma~e 6! in HCl. Extract with equal vol of di-ethyl 
ether, wash with 1/3 vol 6 _!! HCl. Re-ext Ga. into 2/3 vol ~0. 

Boil out ether. 1Jake 0.3 N in HCl & add 1 ml alcohol soln of 
et-benzoin oxime to ppt Eo.-

Ppt Bi2s
3

(5 mg) three times. 

Boil out H
2
s. Mo.ke 1 _! in NaOH, Op2 M in Na

2
co

3 
& ppt Fo(OH)

3 
& Ba co3 s co. venge three times. 

(5) 11ake soln 6 N in HCl & ext with 1 1/2 vol ether. rTo.sh ether with 
6 N HCl & rc~extract Ga into H2o. 

(6) 

(7) 

Boil out ether. Evap to dryness vrith 5 ml cone. HDr three times. 
Tckc up residue in 10 rnl 6 N HCl & repeat ether cxtrn. 

Dilute H,.,O layer to 35 ml & heat to 60°C. Add 3 ml of 8-hydroxyquin­
oline so~n (5U g/1 in 2 !J HAc) c:~ 6 ,!:! NHLt.A.c dropwise until p3 rmanent 
yellow ppt f0~·ms, t!1cn add 1 ml excess.·" Add c.erosol & filter 1 wash 
with 10 ml war;n H

2
o, tvvice with 5 rnl cold H2o~ dry 15 min. at 

ll0°C. Vfeigh as da 8-hydroxyquinola te (72 mg pc r 10 mg Ga). 

Remarks: Very bulky heavy ppt per me: Ga. Gallium ferrocyanide pptns were 
included in the original procedure but were tested & discarded as unso. t­
isfac trn·y. HH0

3 
can be destroyed in step (1) by adding hydroxylamine 

o.nd heating. 

7/6/49 
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CHEMICAL SEPARATIONS 

Element separated: Germanium 

Target mate rial : As 

Type of bbdt: 190 Hev D+ 

Yield: ~rcater 90% 

32-1 

Procedure by: H. Hopkins 

Time for sep 1n: 1 hr. 

Equipment required: centri­
fuge, 100 cc dis­
tillation apparatus 

Degree of purification: radiochemically pure by factor of ~. 103 

Procedure: 

(1) Dissolve As in 10 _!'! IfN0
3

• Add 10 mg Go carrier and holdback 
(Cr through Se)carricrs. 

(2) Distil Ge from 20 ml boiling 6! HCl in slow stream of c12 • 
Catch distillate vapor in dry ice-acetone-cooled collector. 

(3) When l/4 remnins in distilling flask add more HCl and repeat. 

(4) Add :r-m
2

0H•HC1 to distillate until no further reaction occurs. 

(5) Pass H2S into the still cold solution. 

(6) Centrifuge off Ges2 • 

Remarks: When looking for a small a.mount of Go in :?rescn~o of a. la.rge 
amount of Se activity, a. bpecial separation of So &hc-.~ld be performed. 
(See 34-1). 

6/27/49 
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CHEMICAL SEPARATIONS 

Element separated: Germanium Procedure by: Newton 

Target rna terial: Thorium metal ( .1-1 gm) Time for sep 'n: N 2-3 hrs. 

Type of bbdt: 60 11 ats Equipment required: still 

Yield: undetermined 

De f · f · t · 105 to 106 
~ree o pur1 1ca 1on: 

Procedure: The Th metal is dissolved in cone HCl + a few drops .• 2 M solutions 
(NH

4
)
2
SiF to clear up black residue. The HCl is diluted to 2 Nand 

an al1quo~ taken. 

(1) Add 10 mg Ge + As. l!Jake to 15 ml, 6 N in HCl. Add crystal of 
NH

4
I and treat with ~Sat ioe temp. 1'fash with 6!! H2so4 saturated 

with ~s. 

(2) Dissolve ppt in 1 ml cone. NH40H. Dilute to 10 ml. Discard 
any residue. Transfer to glass still and add 10 mg each of 
Te, Sb and Sn carriers. Add 10 ml cone HCl and a crystal of 
KClo3• Distill all but 5 ml into 5 ml H20 in ice bath. 

(3) Pass u2s into GeC14 solution and centrifuge. Add 10 mg As to 
ppt of GeS2 and repeat GeC14 distillation (step 2). 

(4) Reprecipitate GeS 1 wnsh with H2o, alcohol, and ether. 
110° C. Weigh as2Ges2 . 

Remarks: 10 mg Ge = 18.79 mg GeS2• 

Dry at 

This method has been described previJusly (Fhys. Rev. 75 17 (1949)). 

8/23/49 
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33-1 

CHEMICAL SEPARATIONS 

Element separated: Arsenic Procedure by: H. Hopkins, Jr. 

Target material: As Time for· sep'n: 1 hr. 

Tyr.e of' bbdt: 190 Hev D+ Equipment required: standard 
distillation apparatus 
100 cc 

Yield: greater 80% 

Degree of' purification: radiochemically pure by factor of' l/1100 

Procedure: 

(1) Dissolve As in cone. m~o3 + HCL Add carriers of Se and elements 
below, (2 mg). 

(2) Separate So by procedure given undGr Se (34-1) 

(3) To supernatant add HCl to make a 3 !!_solution containing 
10 mg Asjml. 

(4) Pass H
2
s into hot solution and stir vigorously. Repeat. 

(5) 

(6) 

(7) 

(8) 

Centrifuge off' prGcipitatG and ·wash with HzO· 
Dissolve As and Ge salts with dilute KOH, leaving CuS behind. 

Separate Ge by distilling from 20 ml of boiling 6 N HCl in o. 
s lov; stream of' chlorine. fJhen 1/4 volume remains. -add 6 N HCl 
and repeat. 

Free i pita te As 
2
s 

5 
from 3 N' HC 1. 

Remarks: Se and As may first be removed together by volatilizing the 
elements along a quartz or pyrex tube. 

6/27/49 
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CHEHICAL SEPARATIONS 

Element separated: P~sonic 

Target material: ~1 g Bimetal 

Typo of bbdt: 184" all particles 

33-2 

Procedure by: C~cckcrmann 

Timo for sop 'n: Few hrs •· 

Equipment required: Centrifuge, 
tubes, all glass distilla­
tion flask, tank c12 & HCl, 
icc, 110° oven. 

Dc~roo of purification: 
tion'products. 

4 Dccontamim tion factor \f\ 10 from fission ll:. spalla-

Advantages: Project fission product procedure. 

ProcedurG: 

(1) To aliquot of HN03 soln of target, add 10 mg As & ~ 10 mg Go, 
boil nearly to dryness, take up in 15 ml 6 N HCl, add crystal of 
NH4 I, & sat with H2s at icc temp. Wash with ~S-sat 6 !_ ~so4 • 

(2) Dis solve ppt in l ml cone NH40H & dilute to 10 ml (discard an;y 
residue). Transfer to a glass still & add u,lO rng each To, Sb, 
& Sn. Add 10 ml cone HCl & distill all but 5 ml in a Cl2 stream 
into 5 ml H20 in an ice bath. Add 5 ml cone HCl & V'to 10 mg Go to 
residue in I'lask & repeat distillation •. 

(3) To residue from GoC14 distillation, pass in HCl gas to remove 012 , 
add 1 ml sat CuCl in cone HCl, and distill over 5 ml in an HCl 
stream into 10 ml cone HC1 in an icc bath. Add CuCl-HCl to residue 
& distill further. 

(4) Pass H,,S into distillate & centrifuge out As 2s3 • Dissolve in 1 ml 
cone 1fr40H, a.dd \r\ 10 mg To, Sb, & Sn & repent AsC1

3 
distillation. 

(5) Ppt As 2s
3 

again, dissolve in 1 ml cone. NH40H, add 10 ml cone. 
HCl, sat with H~_S, filter, vmsh with u2o, EtOH, & other, dry 10 
min. at 110°0. "'Weigh as As

2
s

3
(16.4 mg per 10 mg As). 

Remarks: Tank HCl & Cl~ arc rather unpleasant & corrosive to work with. 
Procedure is fairly slow. Go can be separated along vdth the As as 
indicated. 

7/6/49 
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CHEMICAL SEPARATIONS 

J 3 
33-3 

Element separated: Arsenic Procedure by: Newton 

Target material: Thorium metal (.1-1 gm) 

Type of bbdt: 60" a's 

Time for sep'n: f'.:J 2-3 hrs. 

Equipment required: still 

Yield: undetermined 

Degree of purification: 105 to 106 

Procedure: The Th metal is dissolved in cone HCl + a few drops .2 U solution 
(NH

4
)
2
SiF

6 
to clear up black residue. The HCl is diluted to 2~ and 

an ahq uot taken. 

(1) 

(2) 

(3) 

(4) 

Add 10 mg Ge + As. NS.ke to 15 ml, 6 N in HCl. Add crystal of 
NH4 I and treat with H2S at ice temp. ~Vash with 6! H2so4 saturated 
with H2S. 

Dissolve ppt in 1 ml cone. NH40H. Dilute to 10 m1. Discard any 
residue. Transfer to glass still and add 10 mg each of Te, 
Sb and Sn carriers. Add 10 ml cone HCl and a crystal of KCl03 • 
Distill all but 5 ml into 5 ml H2o in ice bath. 

Add 5 ml cone. HCl, 10 ml Ge_and KCl03 to remaining solution in 
still and repeat. (Discard). 

To residue from GeC14 distillationJ pass in HCl gas to remove C12 • 

(5) Add 1 ml sat. CuCl soln in cone. HCl and distill over 5 ml in 
HCl stream into 10 ml cone HCl in ice bath. 

(6) Add CuC1 - HCl and distill again. Pass H2S into distillate and 
ppt As 2s3• 

(7) Dissolve in 1 ml cone NH40H, add 10 mg TeJ Sb and Sn and repeat 
distillation. Ppt As 2s3 again, dissolve in 1 m1 cone. NH40H. 
Add 10 ml cone HCl, satH2S. Filter, wash with H20, EtOH, ether. 
Dry at 110°. 1Yeigh as As 2s3 • 

Remarks: This method has been described previously (Phys. Rev.~ 17 (1949)). 

8/23/49 
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CHZIJICAL SEPARATIONS 

Element separated: Selenium 

Target material: As 

Type of bbdt: 190 liev D+ 

Yield:> 90.% 

3 4 
34-1 

Procedure by: H. Hopkins,Jr. 

Time for sep'n: 3/4 hr. 

Equipment required: centr. 
tubes, etc. 

Degree of purification: radiochemically pure by factor of ~ 100 

Procedure: 

(1) Dissolve As metal in minimum 10 _!! I1N03• 

(2) Add 5 mg Se carrier, evap. to near dryness to remove xs HN03• 

(3) lhke up to 8 ml with 1 l~ HCl, add NH20H•HC1 until Se starts 
to ppt from hot · so ln. 

(4) Add 1 ml 1 ! KI, heat 5 min, centrifuge off mixture of Se and r2• 

(5) Dissolve w:ith minimum fuming rmo
3

, repeat precipitation. 

Remarks: In presence of carriers separates from all elements below Se. 

If want to weigh to check chemical yield do not add KI in step 4. 
This slows down the precipitation considerably, so much more time 
must be allowed for complete pptn of the Se. 

6/27/49 
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CHEMICAL SEPARATIONS 
I 

Element separated: Selenium Procedure by: Goeckormann 

Targ;;t rna teriu1: 1..1"\ 1 g Bi metnl Time for sep'n: ( 1 hr. 

Type of bbdt: 18411 all particles Equipment required: Centri­
fuge, and glass distillation 
flasks, cones, tank so~, 
110° oven, ice. ~ 

Yield: VI 90% 

Degree of purifico.tion: Decontaminn tion factor IA104 from fission (.; spu1la tion 
products. 

Advantages: Good yield of pure So in relatively short time. 

Procedure: 

(1) To aliquot of rnro3 soln of target, add 10 mt; So & To, 10 ml cone. 
HBr, & 0.5 ml liq Br2 in a glass still. Distill in air stream to 
3 ml residue, into 5 ml sat Br2 water in icc bath. 

(2) Keep at icc temp & reduce to So (red) with so2 or NH20H•HC1. Add 
aerosol t centrifuge. 

(3) Dissolve So in few drops cone ITN0
3

, add 10 ml cone. HCl & roduco 
Ytith so

2 
in an icc bath. Centrifuge with aerosol. · 

(4) Repeat SeBr
4 

distillation & So pptns as often ns necessary for 
desired purity. 

(5) 

Remarks: 

7/6/49 

P-13-42 

' 
Ppt So, filter, w~sh throe times with 5 ml H2o, three times with 
5 ml EtOH, three times with 5 ml other, dry IO min. at ll0°C. 
'.-~cigh as Se. 

Proc.cdure can be made sho:rt enough to co. tch half-li vos ( 1 hr. 
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CHEMICAL SEPARATIONS 

Element so para ted: Bromine Procedure by: Goockcrmann 

Target rnn terial: v"')l g Bi metal 

Type of bbdt: 18411 all particles 

Time for scp 1n: 1-2 hrs. 

Equipment required: Centri­c f'uge, tubes, 110 oven 

Yield: CJ'\ 60% 

Degree of purification: Deconta.mina t:i.on factor \11104 from fission & spalla­
tion products. 

Advantages: Good yield of puro Br. 

Procedure: 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

To aliquot of HN0
3 

soln of target, add 10 mg Br- & I-, make 1! in 
HN031 add a few drops of 0.1 ! NaU02, & extract 12 into equal vol 
CC14 • 

Add equal vol CCl to aqueous phase & add 0.1 _!! .Kivin04 dropwisc until 
color persists. inkc five extractions of Br

2
• 

Combine CC14 layers & wash with 1! HN03 containing Elm04 • Add 10 
ml H

2
o & O. I Iif NaHS03 dropwise until bo_th layers are colorless. 

Wash aq layer-with Ccl
4

• 

Make 1 E: in HNo
3

, add 1./\10 mg I-, warm a few min. to oxidize so3=, 
add few drops 0.1.!;! NaN02 & extract r2 fivo times with 10 m1 CC14 • 

Repeat K1&::.o4 oxidation & Br2 cxtrn & reduction. 

Repeat 12 & Br2 e:rtrn cycles as needed for purity. 

Uake last aq soln of Br- 1 ! in HN03, heat, add 2 ml 0.1 ! A[;lii03 , 
stir, digest few min., filter, wash throe times with 5 ml H

2
o, 

EtOH, & other, dry 10 min. a.t ll0°C. IoiG}1 as AcBr(23.5 mg per 10 
mg Br). 

Remarks: The bismuth fission work only required throe I 2-Brz cxtrn cycles. 
To provont possible losses of trace Br during dissolving of the-bismuth, 
one might dissolve tho target in 6 _!'! HN0

3 
with the carrier Br- present in 

a glass still, and distill Br2 or HBr di!cctly from this soln into H2o 
in an icc baths · 

7/6/49 
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CHElft.J:CAL SEPARJ:..TIONS 

Elemcn t so para ted: Bronirw 

To.rg;ct ma.tcrial: Tantalum 

Type of bbdt: Ta + 350 l'!Iov protons 

Yield: Vl 40% } 

7 
35-2 

Procedure by: Lindner 
Modified by: Ihumann 

Time for sep'n: 2 hours 

Equipment required: Sop. 
funnel 

Degree of purification: excellent - fo.ctor of V'\10
4 

from fission and 
spullo.tion prqducts. 

Ad~.ntuges: Provides for the separation of Br2 from targets requiring HF­
HN03 mixtures for solution of the target. In these cases glass equipment 
is ~mpossible and.tho method of distillation of tho halogens is imprac­
tical. 

Procedure: 

\ 

P-18-11]. 

"(1) 

(2) 

(3) 

(4) 

(5) 

Freshly precipito.tod AgBr (well washed to remove xs Ag+) containing 
10 mgs of bromine o.s silver bromide is o.ddod to 15 mls of 48% HF 
solution contained in o. lustcroid test tube. The target foil is 
placed in solution and cone. HN0

3 
is added as required for solution 

of the foil. (Soc (a) under remarks.) 

After the target has dissolved thv solution is o.llmvod to stand 
for 15 minutes, (Soc (b) under remarks.) the supernatant target 
solution is removed, tho .l\.gBr wo.shed twice with 10 mls hot wa tor~ 
10 mls of water is o.ddcd and the slurry is suturo.tod wi"l:;h ~S, 
then centrifuged. 

The supornato.nt solution is boiled to remove H S, 10 mgs I- is 
added, tho solution is made 1 N in EN0

3 
o. few arops of No.N02 is 

o.ddcd and tho iodine extracted into 10 mls of CC1
4

• (extract o. 
total of 5 tioos). 

10 mls of CCltl. is added to the aqueous pho.so and 0.1 M Iilllh0
4 

solution 
is added until tho Bromine color persists. Extract Br2 5 t~mcs 
(total) 

Combine tho Br
2

-CC1
4 

cxtro.ct,wo.sh vrith 1 1! HN0
3 

containing KMh0
4

, 
o.dd 10 mls ~0 o.nd 0.1 ! NuHS03 dro~1isc until both layers nrc 
colorless. '(Soc (c) under remarks.) Wa.sh aqueous layer with CC1

4
• 

(6) WAke 1 ~in mro3 a.dd 10 mgs I-, wa.rm for a. fcv; minutes to oxidize 
the S0

3
-, o.dd u few dro'!Js of 0.1 M NaN0

2 
o.nd cxtro.ct the I

2 
5 times 

·with Ccl • 
4 

(7) Ropeo.t (4) und (5) a.s nc(;dcd (A total of 3 times ·wus used 1'or 

(8) 

purification o.bovc.) 4 

:M::.ko lo.st aqueous solution 
0.1 N AgN0

3
• Stir, digest 

5 mls H20, 5 mls c
2
H

5
0H, 5 

of Br- l N in HN0
3

, hca.t, o.dd 2 mls 
u few minutes, wash throe timos with 

' 0 
mls ether. Dry for 10 mins. o.t 110 c. 
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RcmD.rks: 

(a) This reaction proceeds ro.pidly and at no time should thoro bo 
an xs of HNO • Heating is not required and lustcroid tube rnny 
be icc coole~ if necessary. 

(b) Procedure depends upon an oquilibro.tion bctvwcn AgBr and tracer 
bromide ion in tho target solution. If tho tracer bromine wore 
in a higher oxidation state this equilibration wculd be impossible. 
However, since the To. is being dissolved it mo.y be assumed reductive 
conditions exist o.nd all the tracer is in the form of bromine or 
bromide. 

(c) Unless the solution is kept a.cid Mn.02 will precipitate. The J.YTn02 
precipitation may also be avoided if the solution is warmed before 
permango.no.tc addition. 

(d) Stops (3) to (9) arc R.H.Goebkei::mn.·nn~,. procedure for bromine. (35-1) 

( o ) r2 might also be scpo.ro. ted by this procedure • 

7/27/49 

P-18-110 



0 0 J 0 0 7 

CHEMICAL SEPARATIONS 

Element separated: Bromine 

Target material: Thorium metal (.1-1 gm) 

Type of bbdt: 60" me-tal 

Yield: N- 5o% 

9 
35-3 

Procedure by: 1Jewton 

Time for sep'n: rJ 1 hr. 

Equipment required: Standard 

Degree of purification: N 106 except from I- ( rJ 104 from I-) 

Procedure: The. Th metal is dissolved in cone. HCl + a few drops .2 M solution 
(Illi4 )2

SiF to clear up black residue. The HCl is diluted to 2 N and 
an al1quo~ taken. Sa~ple added to 15 ml 1~ H1~03 in 50 ml separatory 
funnel. Add 10 mg Br carrier and 10 mg I carrier. 

(1) Add KMn04 (O,lN) dropwise until color persists (15 dro;:Js). Make 
5 successive extractions with CC14• Discard aqueous. To CC14 
layer add 10 ml water and 0.1 !NaHS03 until CC14 layer colorless 
on shakine. Discard the cc14 • 

(2) To aqueous add 2 ml HN03 and 10 mg I-, ad~ 4 drops of 0.1 M NaN02• 
Extract five times with CC14 • Add more I and repeat extraction 
with four more portions of cc1

4
• 

(3) Add IDI!n.04 to oxidize Br-. Extract 5 times with CC14 • 

(4) Extract CC14 with NaHSo3• Add Al to ppt AgBr. Filter, wash 
three times with 5 ml H2o and three time:! with 5 ml EtOH. 
Dry at 110°, 10 min and weigh. 10 mg Br = 23.5 mg AgBr. 

Remarks: This method has been described previously (Phys. nev. 75 17 (1949)). 

B/23/49 
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CH:C:IICAL SEPARATIONS 

Element separated: Rubidium Procedure by: Goeckermann 

Target material: v' 1 ~ Bi metal Time for sep'n: Severnl hrs. 

Type of bbdt: 10"1:" all r;articles Equipment required: Centrifuge, 
tubes, small Pt dish, ice, 
110° oven 

Yield: Rb 1./\ 30% 

Degree of purification: Rb looked very clean by a factor of at least 103 • 

Advantages: Supposed to give Rb pure of all elements and separate it from Cs. 

Procedure: 

P-18-63 

(1) To aliquot of HN0
3 

soln of target, add 20 mg Rb L Cs & 5 m1 cone. 
HClO • Evap to fuming, cool, transfer to cent tube with 15 ml 
absoiute EtOH. Cool in ice bath 10 min. with stirring. Wash ppt 
~vice with 10 ml absolute EtOH. 

(2) Dissolve in dilute IICl & scav with Te, Ru, Sn 1 Sb, & Ag sulfides 
(2 mg each) by adding H

2
s. 

(3) Scav with NH
3 

pptn of La, Ce, Y, Zr, & Cb (2 mg each). 

(4) Sca.v with Sr ~: Ba carbonates (1 me:) 

(5) Acidify with HCl, repeat (2). 

(6) Repeat (3). 

(7) Scav with La ( OH) 3 . 

(8) Scav with Sr & Ba carbonates & Y, Zr 1 & Cb hydroxides. 

(9) Acidify with HCl 1 evup to dryness in a Pt dish, destroy l'JH
4

Cl by add­
ing a few drops HliJ03 and baking carefully (do not overheat or Cs may 
be lost). 

(10) Dissolve in a minimum of H2o, transfer to a cone & cent out any 
residue, evap to dryness in the cone. Add 6 ml H

2
Ptcl

6 
& 6 ml EtOH, 

wash Rb & Cs chloropla. tina tes with EtOH. 

(11) Dissolve in HCl & repeat Te sulfide scavenging. 

(12) Repeat NH
3 

pptn of La & Fe hydroxides. 

(13) Repeat Sr & Ba carbonat·e soav 

(14) Aoi~ify with mw3 , add HCl 1 eva.p to dryness 1 bake off ammonium salts 
carefully again. 
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Page 2 (37-1) 

(15) Cs - Tal~e up residue in 20 m1 6 N HCl, add 1 m1 silicotungstic 
acid soln & digest. (Save this supn. for Rb fraction). 

(16) Rb - Ppt a Cs si1icotungstate scav from the supn saved, Evnp 
until crystallization begins, add ~PtCl6 &: EtOH, filter, wash 
with EtOH, dry 10 min. at ll0°C. r\eigh as Rb2PtC1

6 
(33.9 mg 

per 10 mg Rb). 

Remarks: Noyes &: Bray recommend ppting the Rb away from the Cs with sodium 
6-chloro-5-nitroto1uenemetasulfonate, which we now have on hand, & then 
ppting the Cs silicotungstate. This may give better Cs-Rb separation. 
It may be better to weigh the Cs as Cs PtC1

6 
after purification. · .· 

It has been alleged that 2Bii
3

•3Csi pp~n is specific for Cs. I tried 
the pptn of Rb away from Cs w1th cold sat sodium titartrnte but the 
results were very poor. More Cs silicotungstate pptns with Rb holdback 
present would probably give clean Cs. 

The fuming of HC10
4 

canre done easily in 40 ml pointed centrifuge cones. 

For Cs sep 1n from same tnrget see (55-1). 

7/12/49 
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37-2 

CHE1HCAL SEPARATIONS 

Element separated: Rubidium Procedure by: Karraker 

Target material: NH4Br 

Type of b bd t: 40-140 Mev a 

Time for sep 1n: V' 30 min. 

Equipment required: No special 
equipment 

Yield: ""40% 

Degree of purification: Good, at best a factor of 100 except from.other 
ulkuli metals. 

Advc.ntages: Fast, easy, and gives almost carrier-free activity. 

Procedure: 

(1) NHdBr in porcelain crucible, add a few drops of dil. HCl, then 
heat strongly in hood, using burner, NH

4
Br sublimes off, Kr acti­

vities evaporate. Continue heating tili no more solid is visible. 
~'lash crucible with a small amount o.f' dilute H.N03 • (For mass 
spectrographic purposes, this is sufficiently pure). 

(2) Add about l m~ Rb carrier, and scavcn3e the solution with few mg 
of Tc (OH)

3
, ligC0

3
, Ar.;Cl, and any sulfide. This, practically 

speaking removes all impurities except alkalis. 

Remarks: It should be noted that r,10 separation is obtained from other 
alkalis. 

If Rb is not to be used in mass spectrograph, carrier may be added 
initially. 

7/14/49 
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CHEHrGAL SBPAJATIONS 

:Clement separated: Rubidium 

Parent material: SrC104. (tracer or with 
50 )l gm carrier) in IO :M-HClO 

4 

Type of bbdt: Milking experiment 

Yield: V\50% 

37-3 

Procedure by: S. Castner 

Time for sep 'n: 20 Min. 

Equipment required: 
Std, cones, etc. 

Degree of purification: Less than 2% Sr carried along. 

Procedure: 

(1) Sol'n is heo.ted in boiling ~0. (So.l'n. volume= 1 ml). 50 Jl gms 
RbN03 are added. Stir. 

(2) Cool in ice bati1 and let stand for 5 minutes. Centrifuge and 
remove supernatant for later milking. (The RbCl04 may be dissolved 
in any sol'n if heated). 

(3) Add 250 )\sat. Na2c2o4 sol 1n and heat until just dissolved. 

(4) Add 50 )l gms Sr++ sol'n and centrifuge the ppt while the sol 'n is 
still hot. 

(5) The supernatant contain inc; the Rb is then removed. 

Remarks: The majority of tne Rb loss is carried away in the Sr scavenge as 
the sol'n cools rapidly. The Sr parent sol'n contains only approx. 1% of 
the Rb after the milking. 

7/27/49 
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CHE.i':ICAL SEPARATIONS 

Element sep~rated: Strontium Procedure by: Goeckerm~nn 

To.rget w.a teri~l: V') 1 g Bi metal Time for sep'n: 1-2 hrs. 

Type of bbdt: 181 11 all ~rticles Equipment required: Centrifuge, 
tubes, ice, vacuum dessi-
ca. tor 

Yield: <J'ISO% 

Degree of purification: Decontamination factor ~104 from fission & spallation 
products. St decontaminated~ 100 from Bo.. 

Advantages: Good yield of Ba & Sr, separation from o.ll other elements except 
Ra, very good sep~r~tion of Sr & Ba from each other. 

Procedure: 

(1) To ~liquet of HN0
3 

sol'n of target, ~dd 10 mg. Sr & Ba, 30 ml fuming 
HN0

3
, digest cold l-2 min. . . 

(2) Dissolve ppt in 2 ml H
2
o & reppt with 15 ml fuming HN03 • 

{3) · Dissolve_ppt in 5-10 ml H2.0' add 5 m(';Fe+3 , t. ppt Fe(OH)~ with tank 
NH

3 
(C0

3
- free I) Repeat Fe (OH)

3 
scav. 

0 

(4) Neutralize supn with 6 N HN0
3

, ~dd 1 ml 6 ~ Hfl.c & 2 ml 6 ~ NH
4
Ac. 

Heat to boiling & ~dd 1 ml 1. 5 ~ Na 2Cr0
4 

dropHise with stirring. 
Digest one min. (Save the supn for Sr fraction). 

( 5) Sr - Ppt 5 mg BaCro
4 

scav from supn saved from Bo. sepn. Add 2 ml 
cone. NH

4
0H, heat, add 5 ml sat (l.\m

4
)
2

ox slowly. Stir 2 min, filter, 
wash three times with 5 ml H

2
o, three times with 5 ml EtOH, three 

times v•ith 5 ml ether, dry .hke Bac1
2

• Tveigh as Src
2

o
4 

·H2o (22 .1 
mg per 10 mg Sr). 

Remarks: Procedure adapted for use when Sr activity much greater then Ba. 
Ra. follows the Ba. well, can be separated from it by use of a resin 
column. 

For Ba scp'n from same target sec 56-2. 

7/12/49 
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CHEUICAL SEPARATIONS 

Element separated: Strontium Procedure by: s. Castner 

Target material: RbCl (V\ 30 mg) finely 
· divided 

Time for sep 1n: 35 min without 
oolumnj 1 1/2 hr. with column 

Type of bbdt: 184 11 deuterons and protons Equipment required: 1 ml cones, 
pipettes, etc. 

Yield: V'\ 90% 

Degree of purification: Excellent - v\5% Rb contamination without column • 
• 2% or less Rb contamination with column. 

Advantages: Quick, may be modified to gi~e carrier free Sr. 

Procedure: 

(l) Dissolve target in 500 A of Na
2
c2o4 (3 gms/100 ml). Hea~ in 

boiling water for 1 min. Stir. 

(2) Add Sr carrier, stir and cool in ice bath centrifuge, withdravl the 
supernatant. (5 p gms of Sr++ produce visible ppt) see remarks :{/=1. 

(3) Wash the ppt with Na2c2o4 (500 "'), stirring up and then centrifuging 
and discarding the wasfi sol 1n. 

(4) Repeat wash 3 times. 

(5) VJashwith H20 (500 1\) twice (see remarks) =1/=2. 

(6) 

Remarks: 

+ Dissolve the ppt in 100 A ll.OM-HC1o
4

• Heat. Add 5 p. gms Rb , 
stir, cool in ice bath and centrifuge. This gives the Sr practically 
carrier free in V\100 ')\of sol 1n. 

(1) and (2) 1'Jhile 5 )l gms of Sr++ produce a visible ppt as stated when 
washed with 1 ml of H20, 25% of the ppt will dissolve • 

. 
(3) If carrier free Sr++ is desired, 10 ~ gms of Ba++ carrier may be 

added instead in step {2). The ppt is not washed but is dissolved 
in 0.1 N HCl and ~laced on a 2 mm diameter ion exchange column, 
2" long'7 The Sr+ comes off well after the Rb+. (Flow rate of 

7/27/49 
P-18-7 6 

~ 1 drop/2.5 min.) 

SrC03 carries Rb with it in lo.rge quanti ties. 
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CHEHICii.L SEPARA.TIONS 

Element separated: Strontium Procedure by: Folger & Hicks 

Target material: rv 4 g U metal Time for scp'n: 1-2 hrs. 

Typo of bbdt: 184" c.ll high energy 
pnrticlos 

Equipment required: Centri­
fuge, tubcs 1 icc, vncuum 
desiccator 

Yield:""' 80% 

Degree of purificntion: Dccontnmination factor ~04 from fission and 
spnllation products. Sr decontaminated~ 100 from En. 

Advnntngos: Good yield of Eh & Sr 1 separntion from all other clements 
except Ru, very good sopnration of Sr & Bo. from each othor, nnd Sr 
from Ru (which follows Bo.). 

Procedure: 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

To aliquot of HN03 so1n of target ~~ntnining 10 mg ench Sr & Bn, 
and reduced in volume to tV 1.5 m1~7I2-13 ml fuming :rmo3, digest 
cold 5 min. 

Dissolve ppt in 1 ml H20 & reppt with~ 13 ml fuming HNo3• 

Dissolve ppt in 5 m1 H20, add 2 mgFo+ 3
1 nnd ppt ~o(OH)3 with tnnk 

NH
3

(co
3
= free1) Repeat Fo(OH) 3 scnv. (1 mg. Fe+ ). 

Ncutra.lizo supn Ylith cone. mm3 
6 M HAc & 2 ml 6 M NH4Ac. Heat 
dropwisc with sti"rring. Digest 
fraction). 

to methyl orange end point ,ndd 1 ml 
to boiling & add 1 ml 1.5 ,! Nn2cro4 one min. (Save the supn for Sr 

Ppt 5 mg BaCr04 scav from supn saved from Ba so pn. Add 2 ml 
cone. NH

4
0H, heat, und ppt SrC03 by adding satd Na2co3• Digest 2 

min, ccn~rifugo und dissolve in 6 ! HCl (minimum). Boil out co2• 

Wake basic with }~ nnd ndd so.td Na2c2o ~ Stir 2 min (hot), 
cool, filter, wr-.sh three times with 5 mf H20, three times with 
5 ml E~OH, three times with 5 ml ether, dry like Bo.Cl2• Weigh as 
src2o

4
.H2o (22.1 mg per 10 mg Sr). 

Remarks: Procedure adapted for use when Sr activity much greater than Bu. 
Ro. follows the En woll 1 can be scpo.rntod from it by use of a rosin column. 
Soc AECD 1998 (E~va:rd R. Tompkins) 

For Ba sop 'n from so.mo target soc 56-1. 

In step (4) add 1 drop Mc-orungo to tho sol'n before neutralization starts. 

8/12/49 
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CHEMICAL SEPARATIONS 

Element separated: Strontium 

Target material: Au foil, about 1 g 

Typo of bbdt: Full energy protons, helium 
ions, or deuterons 

Yield: Sr 50% 

7 
38-4 

Procedure by: Lippmann and 
, Goeckermann 

Timo for scp 1n: 1 hr. for 
Sr 

Equipment required: Ice bath 
and hot water bath 

Degree of purificatiqn: Good - about 105 from Au and spallation products 
and at least 10° from fission products. 

Advantages: Sr, Ba and Ib can all be separated from the same target materiaL 

Procedure: i. 

Dissolve tnrgot in hot solution containing 10 mg each of Sr, Ea, and 
Mo, 5 ml of 12 _! HCl and 5 ml of fuming HN03• Cool solution in icc 
bath and slowly add about 30 ml fuming HN03• Sr(N03 )2 and Ba(N03)2 precipitate. Centrifuge. 

Dissolve precipitate in 5 ml IIzO, add 5 mg Feiii, warm in hot water 
bath, and Pf11ipitate Fe(OH)3 with 6 M NH40H. Centrifuge. If desired 
add more Fe and centrifuge out Fe(OH)3 again. Neutralize supernat~nt 
with a. few drops of 6 l!£ HC2H3o

2
, heat to boiling, and add 2 ml of 1.5 M 

Na2Cr04 drorw;iso. Digest Bacro4 precipitate in hot water bath and 
centrifuge. 

Heat supcrnatent from first BaCr04 precipitation to 'boiling, add 1 ml 
of Ba carrier drop·wisc, digest in hot water bath, and centrifuge. To 
supernatent add 2 ml of 15 ! MI40H (color of solution should just 
cho.ngc from orange to ycllm·.r), fico.t to boiling, add 5 ml saturated 
(NH4 )2c2o4 dropwise, digest in hot v1atcr bath, cool, filter, wash 
throe t1mes with 5 ml H20, three times with 5 ml alcohol, and three 
times with 5 ml other. Dry in o. vacuum dcsicco.tor by pumping 2 minutes, 
lotting in air, and then pum~Jing for 5 more minutes. Weigh as Src2o4 ·HzO· 

Remarks: 

All additions of ~~ming or concentrated HN0
3 

should be made cautiously: 
they tend to react violently ~ftor o. short 1nduction period. 

8/12/49 
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CHEMICl:.L SEP .. "..R.'l.TIONS 

Element separated: Strontium Procedure by: Newton 

Target material: Thorium metal ( .1-1 gm) Timo for sep 'n: 1 hr. 

Type of bbdt: 6011 alphas 

Yield: 75% on Sr 

Equipment required: Standard 

Degree of purification: 6 10 other F.P. N 10
3 

from bariut! 

~dvnn~ges: Ba and Sr can bo taken out in same procedure. 

Procedure: The Th mcta.l is dissolved in cone HCl plus a. few drops of 
• 2 M (NH

1
)2SiF 

6 
to clear up the black residue. The HCl is diluted 

to 2 N and a.n aliquot taken. 

(1) 

(2) 

(3) 

(1) 

Add 20 mg each Eh and Sr carrier and 30 ml fuming nitric acid. 
Cool 1-2 minutes with stirring and centrifuge. (If so

1
- present 

add H2S0
11 

to ppt Bo.SO.~. Wash with 10 ml H2o. MoJGathcsiza with 
50% K?.CO~ by boiling 5 min. Centrifuge, wash with wator. Dissolve 
ppt in 1 N mro3 • Discard residue. Then m.'1ke fuming nitric acid 
pptn.) -

Dissolve ppt in 2 ml H20• Rc-prccipita. te .with 15 ml fuming IDJ03 • 

Dissolve ppt in 5 to 10 ml H20. 
by adding 2 ml co.rbona.tc free 6 
ppt Fe(OH)3 ~ Centrifuge. 

+++ . 
J~dd 5 mg Fe ~ ppt Fo(OH)3 

M NH
4 

OH or pass in NH3 gas to 

Neutralize supernate with 6 !_HN0
3

• Add 
NH4Ac. Heat solution to nearly boiling. 
dro~vise with stirring. Let stand 1 min. 
supernate for Sr. 

1 ml 6 M HI: .. c 1 2 m1 6 M 
J~dd 1 ml of 1 c5 ! Na.2cro1 

Con trifuge. Reserve 

(5) To clear supernate add 2 ml cone IiH11 0H. Heat nearly to boiling. 
Add 5 ml so.tura.tcd ammonium oxala.tc""slowly with si.;irring. Stj.r 
1-2 min., filter with suction into a weighed filter paper. Wash 
throe times with 5 ml dil hot l\1H 1 0H~ three times with 5 ml 95% 
EtOH, throe times with 5 ml Et2o; Dry by vacuum 2 min, rolca.se, 
5 min •• Weigh as Src 2o

4 
.~o. 

Remarks: This procedure has been described previously (Phys. Rev. 75 17 
(1919)). 

For separation of Ba from this procedure sec (56-7). 

Preparation of carrier solution: Dissolve 2•:..1 gms of Sr(N03 )2 in 
wa. tor and dilutc~to~f li tor. 

Standardization: Titke 5 ml carrier add 30 ml H2o. Add 5 ml sa.turo.tod 
oxalic a.cid and hca.t nearly to boiling. ~l.dd 2 ml cone NH,,_OH dropwisc with 
stirring. Lot stand 10 minutes, cool in ta.p wa.tor. Filter into a. sintorod 
glass crucible. Tfnsh 3 timos with hot wa tor containing a slight amount 
of NH

4 
OH, throe times with 95% EtOH and three times with 5 m1 portions Et2o. 

Evacuate in va.c desiccator for 2 min.,roloase wo o.nd cvacuo.tc five minutes 
longer and weigh as Src

2
o

11 
.H

2
0. Rcpca t evo.cua tions until ·weight constant to 

0.2 ~· ~ P-18-281 
8/23/49 



0 0 9 
39-1 

CHElHCAL SEPARATIONS 

Element separated: Yttrium (Y-grou-~ rare earths) Procedure by: Gocckormann 

Target material: V'\ 1 g Bi metal Time for sop 1 n: "'2 hrs. 

Type of bbdt: 184 11 all partie les Equipment required: Centri­
fuge, tubes, ice, vacuum 
dess icator' tank so2 & 
1JH3 

Yield: If\ 70% 

Degree of purifico.tion: Dacontamination factor V'l 10
4 

from non-RE fission & 
spallation products, Y-group separation from La-group probably fair. 

Advantages: Designed to separate a lot of Y activity from a hot target which 
has little rare earth activity, especially Y-group RE. 

Procedure: 

(1) To aliquot of HNO soln of target, add 10 mg Y, La, Ce, & Zr, 
make 2 N in HCl, ~add 2 ml cone. HF. Wash ppt with 10 ml 1 N 
HCl containing HF. 

(2) Dissolve in 1 ml sat H3Bo
3 

& 8 ml cone HN03 • Add 0.2 g IWr03 & 20 ml 0.35! HI0
3

, dlgest 3 min in ice bath. Cent Ce(ro
3

)4 • 

(3) Add second portion KBro3 to supn, 10 mg Ce & Zr, digest 5 min in 
ice bath. 

(4) Add 9 ml 19 T,[ NaOH to supn. Y!ash ppt with H
2
o. 

(5) Dissolve ppt in 1 m1 cone HCl, dil to 8 ml, reduce with so
2

• Ppt 
hydroxides with NH

3 
& wash with slightly alkaline H

2
o. 

(6 / Dissolve in HCl & scav with Bi
2
s

3 
twice. 

(7) Boil out H
2
s, make 2 ~in H+ & add 2 ml cone. HF. Wo.sh with :rr

2
o. 

(8) Metathesize with pellet NaOH in o. little H20 & wash hydroxide 
ppt (wo.tch out for peptizo.tion1) Dissolve in HCl & cvap to dryness. 
Add 3 ml 50% Y~co3 & heat to dissolve ppt. Add 20 ml H2o & heat 
until gelatinous ppt becomes crystalline (occurs suddenly o.fter 
long heating), then 2 min longer. Cent La-group ppt. 

(9) Acidify supn with HCl, ppt Y(OH)
3 

with NH
3

, & wash twice with H
2
o. 

(Pihy repeat Ln.-group scpn.ration). 

(10) Dissolve Y(OH)
3 

in 1 ml S ! HCl, add 15 ml H2o, boil, add 15 ml 
sat :a,c2o

4
, digest l-0 min in ice bath, fil tcr, wash with 3 ml 

H2o, three times with 5 ml EtOH, three times with 5 ml ether, dry 
in vacuum dessicator -- 2 min. evnc, release, 2 min evac, release, 
2 min cvac. neigh as Y

2
(c

2
o

4
)
3

·10H
2
o (35.0 mg per 10 mg Y). 

P-18-50 
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Paso 2 (39-1) 

Remarks: Sometimes no separation from Ce or Lo.-group activities was made 
in the bismuth fission work. Real separations of Y and the lanthnnides 
can be done with rosin columns. 

7/12/49 
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CHEMICAL SEPARATIONS 

Element separated: Yttrium Procedure by: Lindner 

Target rna terial: Sb (N. 5 gm metal) 

Type of bbdt: 184" D
2 

& a. 

Time for sep 'n: N 2 hour 
I 

Equipment required: 
Lus.tero id tubes, centrifuge, 
cones 

Yield: rJ 95% 

Degree of purification: At least factor of 100 

Procedure: 

(1) 

(2) 

(3) 

(4) 

(5) 

To dissolve the Sb metal, add 15 drops of 27 N HF to it in a 
lusteroid tube in a hot water bath. Add conc-HN0

3 
dropwise until 

dissolved (nJ 10 min). Dilute to~ 20 ml. 

To the SbF
4
- solution add 20 mg each of Te, Sn, In, Cd, Ag, 

Pd, Ru, Mo and Y carriers as soluble salts. Add 2 drops cone HCl. 
Centrifuge the yF

3 
and AgCl ppts. 

Wash the ppt with 1 ]! HF. 

+ Dissolve out the Ag from the ppt by adding l ml cone. NH
4

oH. 
Centrifuge. 

Dissolve the YF
3 

in 0.5 ml sat H B0
3

, 1.0 ml cone IUW
3

, on a 
hot water bath. Add 5 ml 6! NabH and centrifuge. 

(6) YJash the Y(OH)3 ppt with alkaline sol 'n and dissolve in one drop 
cone. HCl. Dilute to 20 ml. Add l gm NH

4
Ac. Add 2 mg In+++ 

soln. Saturate with H
2
S and centrifuge. Discard the In2s

3 
ppt. 

(7) Boil the supn to expel H2s. Add 3 drops 27 N f~. 

(8) Dissolve the YF3 ppt in·H3Bo3-HN03 ~nd ppt Y(OH) 3 as in (5). 
Mike to 20 ml in 2 N HCl. . 

(9) Add 2 mg SbC1 3 carrier to sol'n. Saturate hot with H2s. Centrifuge. 

(10) Discard the Sb2s3 ppt. Repeat the fluoride cycle (7) & (8). 

(11) Dilute aliquot to 10 ml. Boil and add 5 ml sat H2c2o
4

• Centrifuge 
out the Y2 (c2o

4
)
3

.10H20 ppt. 

(12) Wash with 3 ml H
2
o, then 5 ml EtOH, 3 times with ether. D~ in 

desicca.tor under vacuum. Weigh as Y
2 

(c
2
o

4
)
3

.10H2o (35.0 mg per 
10 mg Y)~ 

8/18/49 
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CHEMICAL SEPARATIONS 

Element separated:Ytt~-~­

Tnrget material: Srco3 

Type of bbdti Protons 184 11 

Procedure by: s. v. Cnstner 

Time for sep'n: 20 min. 

Equip~ent required: Centrifuge, 
cones, hot water bath 

Yield: 100% by radioactivity (see remarks) 

Dcgroe of' purificc.tion: ( 1% Sr carried with Y. 

Advantages: Crystnlline ppt which is easier to centrifuge and/or filter 
than usual hydroxide curds 

Procedure: 

(1) Dissolve srco3 in YC13 soln contnining H+ sufficient to dissolve 
the carbonate (1/3 mg{ml of ¥C1

3 
& H+ = .025 N). 

(2) Add lfl vo1 of soln mo.de as follows: 0.17 mg ~~~ (8 hydroxy 
~~/ 

N OH 

quinoline) dissolved in 12.5 ml of acetone diluted to 50 ml with 
H2o. (turns yellow due to acidity of distilled H2o). Stir. 

(3) Add cone N.H
4

oH dropwise until odor of NH
3 

can be detected above 
so ln. 

(4) Place in boiling wntcr ba.th for 10 minutes, centrifuge. Yttrium 
will ppt a.s very finely divided grayish green crysta.ls,Sr remains 
in soln. In chemical yield run,.> 99% Sr recovered after yttrium 
was ppt. r ppt mny be dissolved in H+ or H+ + acetone. 

Remarks: 

(1) 

(2) 

(3) 

(4) 

8/16/49 
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On a. second ppt of Y from Sr bombardment by above method no 
activity (< 30 c/m n.bovo baake;round) wa.s detected in Y frc.ction. 
Initial Y fraction had> 10 c/m in loss than 1% of the fraction. 

All Y ro.re earths co.rry \'dth Y • 

No expt tried to see if lanth~num rare earths cnrry or not. 

After the yttrium has been coo.gulated and centrifuged the soln, 
being basic, is colorless and clear. Filtering through dense 
filter paper on a. Hirsch funnel will also remove o.ll ppt. 
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CHE.MICAL SEPARATIONS 

Element separated: Zirconium Procedure b:;: Goeckormnnn 

Target ma terinl: V'l 1 g Bi me tal Time for sop 'n: 1-2 hrs. 

Type of bbdt: 184a all particles Equinment required: Centrifuge, 
I' 

tubes, lustcroid cones, icc, 
small porcelain crucible. 

Yio ld: """" 60% 

Dce;rce of purification: Decontruninntion factor V\ 104 from fis sian and 
spallation products (no Th e: negligible Hf activity present). 

Advantages: Good yield of pure Zr, if no Hf nativity present. 

Procedure: 

(1) To aliquot of BN0
3 

soln of target, add 10 mg Zr, make sample up 
to ~ 5 ml of 5 ! BN0

3 
in a lustcroid cone. Add 2 ml cone. HF 

& 10 mg La. Repeat LaF
3 

pptn. 

(2) Add 50 mg Ba to supn. Wnsh Ba.ZrF 
6 

ppt. 

(3) 

(4) 

(5) 

(6) 

Dissolve ppt in 2 ml 5% H
3

BO 1 add 1 ml cone. HN0
3 

& 5 ml H2o, 
repent I.e.F3 pptn twice (as i~ (1) and (2) ). 

Rc peat fu ZrF 
6 

pptn. 

Dis solve with 2 ml H;2Bo
3

, 2 ml cone. Hcl, & 5 ml H2o. Add 1 drop 
cone HzS04 & cent ouw BaS04 . 

Dil supn to 20 ml & add 2 ml 6% oupforron in icc bath, filter, wash 
with cold 1 N HCl containing cupfcrron, ignite in n porcclnin 
crucible. V.'Oigh as Zr02 (13.5 mg per 10 mg Zr). 

Remarks: This procedure probc.bly effects no separation from Hf. Th I don't 
know about. Zr can ~c scpo.ratcd from Hf by the usc of TTA or anion 
excho.n gc res ins. 

7/6/49 
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CHEMICAL SEPAP..ATIONS 

Element separated: Zirconium Procedure by: Newto11 

Target material: Thorium metal (,1-1 gm) 

Type of bbdt: 60 11 alphas 

Time for sep'n: 1-2 hrs. 

Equipment required: Standarq 

Yield: r-J 60% 

Procedure: The Th met..1.l is dissolved in cone HCl plus a few drops of .2 'M 
(NH

4
)2SiF

6 
to clear up the black residue. The HCl is diluted to 2 N­

and an ahquot taken. 

(1) Use a lusteroid tube, add HN03 to make 5 ml of soln ~ to 5 molar 
in HNO • Add 20 mg Zr carrier 1 2 ml cone HF and mix well. 
Centriruge off ThF 

4
• 

(2) Add 10 ~ La+++ carrier. Mix well and centrifuge. 
10 mg La ++ and centrifuge down on top of 1st ppt. 

Add a second 
Decant. 

(3) Add 50 mg Ba++ to supn. Mix and let stand 1 min. Centrifuge. 

(4) 

(5) 

(6) 

Dissolve ppt by adding 2 ml 5% H.,.Bo3 and s ti rrin~+ Add 1 ml cone 
HN0

3 
and 5 ml H

2
o. Add 2 ml 27N~F and 50 mg Ba • Stir until 

ppt forms and let stand 1 minute longer. 

Repeat (4), 

Dissolve with 2 ml H
3

Bo
3

, 2 ml cone HCl and 5 ml H
2
o. 

cone H2so
4 

and,centr1fuge off Baso4 • 
Add 1 drop 

(7) Transfer supernate. Dilute to 20 ml and ppt Zr at ice temp with 
2 rn1 6% cupferron reagent. Centrifuge. Wash ppt wi 'Gh l ml cold 
HCl containing a few drops of cupferron. Filter at once. 

(8) Ignite ppt to Zro2 in porcelain crucible. Weigh. 

Re:rmrl:s: '!his procedure has been described previously. (Phys. Rev.~ 17(1949)), 

Preparation of carrier solutions: Dissolve 29.40 gms ZrO(lf03 )2 .2~0 
in water, adding a few drops of HN0

3 
if necessary to clarify the solution. 

Dilute to 1 liter. 

Standardization: Take 5 ml carrier. W~ke 2 Min HCl and cool in 
ice battlto 10° c. Add a slight excess of 6% cupferron solution. Filter 
and ignite in a porcelain crucible with care to prevent splattering of 
oils distilled from cupferron •. Final ignition temper a ture 600° C. Weigh 
as Zr0

2
• (6% cupferron solution: · 6 gms cupferron and pinch of (NH4 )2co3 

in 100 ml H20• Solution slowly decomposes.) 

8/23/49 
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CHEMICAL SEPArtl~TIONS 

Element separated: Columbium Procedure by: Goeckermann 

Target rna. to rial: tf\ 1 g Bi mota.l Time for sop 'n: Vl 2 hrs. 

Type of bbdt: 184" all particles Equipment required: Centrifuge, 
tubes, icc, lustcroid cones, 
crucible 

Yi.e ld: npprox. 50% 

Degree of purification: Dccontnminn tion factor )'10
3 

i'rom fission & spo.lla­
tion products. 

::.dvo.nta.r;es: Fair yield or.' pure Cb 

Procedure: 

1. 

2. 

3. 

5. 

6. 

Remc.rks: 

Add equal volume of concentrated HN03 to aliquot of HN0
3 

so1n of 
target, 1 ml 6! HCl, 1 ml saturated H2 c2o~, 20 mg Cb, and 10 mg 
Zr. Hco.t and add 0.5 6 KBro

3 
in smn11 po~tions. Digest 5 min. 

and centrifuge Cb2o
5

• Hash precipitate hot with 3 ml 6.!;! HN0
3

, 
2 ml 6 ! ~ti10H, and 5 rnl H20• 
Dissolve in l-2 ml sa.turated II

2
c2o

4 
+ 10 drops 6 N HCl. Make up 

to 20 m1 of 6.,! HCl, 0.05~ H
2
so

3
, and a.dd 10 ml CHCl • Cool in 

icc bath, o.dd 2 t1l fresh 6% cupforron and shake welt Extro.ct 
o. second time vrith more CHC1~ o.nd cupfcrron. Vvash CHC1

3 
with 

20 ml cold 6! IICl and 0.05,!! ~so3 con·baining more cupferron. 

Boil with 10 T!11 conccntrc-.tcd mro
3

, o.dding KBrO until CHC1
3 

is gone, 
solution is pale yellow and Cb2o

5 
has prccipit~tcd. 

Transfer to lusteroid with dil. HN03• Dissolve by o.dding 1 T!ll 
concentrated IIF. Add 2 ml 6!, HN03 , 10 mg Zr, o.nd 5 ml ~0. Add 
50 mg Bo. dropvisc o.nd contrifugo BnZrF6 • 

Add 6 ml concontratcd NH40H to supernatant (to pH 8-10). Centrifuge 
Cb2o

5
, and wash with 3 mi 6!, NH4 OH, 1 ml 6!_ HU03 , and 5 ml H2o. Usc 

a second wo.sh to transfer procipito.tc back to glo.ss. 

Dissolve hot in 2 ml sa.tura.ted H2c
2

o.1 plus 10 drops 6_!! HN0
3

• Add 
3 ml H

2
0, 5 ml concentrntod 1mo

3
, hea:e, o.dd 0.5 g KBr0

3 
slowly, 

digest 5 min., centrifuge. Stir precipitnto up with 3 ml 6,! mm
3

, 
2 ml 6_!! NH

11 
OH, o.nd 5 ml H2o, hco. t, fil tor, igni to in o. crucible 

15 min. ~7cigh o.s Cb
2
o

5 
(14. 30 mg per 10 mg Cb). 

The oxtrn is suppo sod to sopo.ra to Cb from Zr, To, & Mo. 

The cxtrn sopnra.tiou vm.s substituted for heavy motc.l 
sulfide scav.to remove Tc and Mo. Tho cxtrn procedure co.n possibly be 
combined with carrying of tho Cb tracer on r..m.o2 pptd from 10 ]! HN03 
for a carrier free procedure. 

7/29/19 
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CHEMICAL SEPLR.l\. TIONS 

Element separated: M~lybdo~um Procedure by: Gocckcrmann 

Target material:~ 1 g Bimetal Time for scp 1n: (/'I 1 hr. 

Type of bbdt: 184 11 o.ll pnrticlcs Equipment required: Centrifuge, 
tubes, icc, 110° oven 

Yield: npprox. 50-80% 

Degree of purification: 
lation products. 

4 
Decontamination factor> 10 from fission and spnl-

Advantages: Good yicl d of pure Mo 

Procedure: 

1. 

2. 

3. 

4. 

5. 

.Add 10 mg Ho ro.nd concentrated HCl to aliquot of r::N0
3 

soln of target 1 

destroy IDJ0
3

• ~.in.ke up to 5 ml 6,!! HCl, add one drop Br2 water, 
extract twice with 15 ml ether. Combine ether layers o.nd wash 
bvicc with 2 ml 6N HCl. Evaporate other over 5 ml H

2
o. 

Boil out ether, dilute to 20 ml, o.dd 5 mlj Fe +3 nnd prccipi to. te with 

NH3' 

Add 6 ml concentrated HN0
3 

and 1 ml saturated H
2
c

2
o

4 
to supcrnato.nt, 

cool, add 5 ml 2;~ solution of a-benzoin oxime in alcohol, digest 
2 min., n.dd aerosol nnd centrifuge 5 min. (If the 1fo oxime docs 
not settle well, dilute the solution with C

2
H

5
0H). Wo.sh bvioe with 

20 ml 1_! HN0
3

• · 

Add 2 ml concentrated mro
3 

and l ml concentrated HC1011 o.nd boil 
3 co.rcfully to fuming. Cool, dilute to 15 ml with H

2
o, .ro.dd 5 mg Fe+ 

o.nd precipitate with NH
3

• . 

.t.dd 1 drop methyl orange to supernatant and make just o.cid with 6N 
H2SO ~. Buffo r with 1 ml 10% CH

3
COONa, boil, add 10 drops 1! AgN0

3
, 

cool~slowly with stirring, filter, wo.sh five times with 5 ml 0.03 
_!! AgNO~, throe times with 5 ml C2H

5
0H, dry 15 min. o.t 110° c. 

Woig;h ns Ag
2

Mo0
4 

(39.16 mg; per 10 mg Mo). 

Remarks: More cycles of ether extrc.ction and oxime precipito.tion rwy be 
added if needed for purity. T·ffo oxime c::'.n be di ssol vecl completely by 
6! NuOH & repptd by acidifying & adding more a-benzoin oxime. 

7 !29/49 
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CHEMICAL SEPARATIOl~S 

Element separated: MOlybde~~-

Target material: Au foil 1 about 1 g 

Yield: 65% 

42-2 

Procedure b~,: Lippmann and 
Goeckormo.nn 

Time for sep'n: 2 hr. 

Equipment required: Icc bath 
and hot water bath. 

Degree of purif'icati§n: Good - about 105 from Au and spallation products 
and at least 10 from fission products. 

Advantages: Sr, Ba and Mo can all be separated from the same· target material. 

Procedure: Dissolve target in hot solution containing 10 mg each of Sr, 
Ba, and I2o, 5 ml of 12 ~.~ HCl and 5 ml of fuming HN03 • Cool solution 
in ico bath and s.l.oY"J:l. add about 30 ml fuming IDJ03• Sr (N03 )2 and 
Ba(N03 )

2 
precipitate. Centrifuge. 

Heat supernatant from precipitation of Sr(NOoz)
2 

and Bo.(N0
3

) 2 inwa.ter 
bath to destroy HCL Cool in icc bath and sTowly add K Fe (CN)6 solution 
until no further precipitate appears. Centrifuge. Was~ precipitate 
with 10 ml of 6 ~ HN0

3 
containing a few. drops of K4 Fe (CN)6 solution and 

centrifuge again. Dissolve prccipita.tc in 10 ml of 6 l\1 HCl with heating, 
dilute to 30 ml with alcohol, cool in icc bath, and add 5 ml of 2% 
solution of a-benzoinoximo in alcohol. Centrifuge. Wash precipitate 
with 10 ml alcohol and centrifuge again. Dissolve precipito.te by 
slowly adding 4 ml of 16! HN03, heating gently in hot water bath when 
reaction slows down. When all of precipitate has dissolved add 1 ml 
concentrated HC10

4 
and heat cautiously over a flame until thick, white 

fumes have l~~e off for several minutes. Dilute to 15 ml with ~0, 
add 5 mg Fe , warm in water bath, precipitate Fe (OH) 3 with 15 [! NH40H · 
and centrifuge~ To the supernatant add a drop of methyl orange, make 
just ac:td with 6 ~ H2S04 ~ buffer with_l ml of 1 M NaC2H

3
o2 , heat to 

boiling~ add 10 drops of 1M Ag1~ 3 ~ d1gcst in hot water bath, cool, 
fil tor, wash :ivc t~mes with 5 ml of' H2o cont~ining n few grops,_ o: 
AgN0

3
, five tuws WJ.th 5 ml alcohol, dry 15 m1nutos at 110 C. 1Ingh 

as AgMo0
4

• 

Remarks: 

In order to destroy the Mo a.-benzoinoximo tho solution must be heated 
until white fumes havo boiled off for several minutes. If all of the 
a-benzoin oxime is not .destroyed, Mo a-benzoin oxime will reprccipi ta to 
when the solution is made basic. 

All additions of fuming or concentrated HN0
3 

should be made cautiously: 
they tend to react violently after a short J.nduction period. 

8/12/49 
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CHEMICAL SEPARATIONS 

Element separated: Molybd.enum Procedure by: Newton 

Target material: Thorium metal (.l-1 gm) 

Type of bbdt: 60 11 ats 

Time for s ep 1n: N 3 hrs. 

Equipment required: Standard 

Yield: rv 60% 

Degree of purification: rV 105-10
6 

Advantages: The Th metal is dissolved in cone HCl + a·.few drops .2 M solution 
(NH

4
)

2
SiF6 to clear up black residue. The HCl is diluted to 2 Nand 

an a.llquot to.ken. 

(1) 

(2) 

(3) 

(4) 

Remarks: 

Add 10 mg IJo to sample in HCL Add Br to oxidize Mo. Make 
6 N HCl. Extract three times vli.th doutle volume ether. Combine 
ether layers. ~7ash twice with 2 ml 6 N HCl. Evaporate et}].e r 
over water. (M3.y repeat Et20.extro.ction after Fe (OH)

3 
scavenging. 

To evaporated solution add 5 ml 6 N HN0
3

, 1 ml sat I~C 2o4 (complex 
Cb), ppt by stirringwith 5 ml 2%a-benzoin oxime. (ppts Mo, Cb 
&: Pd). Let stand 2 min., washwith 20 m11 .,!!HN0

3
• 

Add 2 m1 cone HNo3 &: 1 *s 70% HCl04 ~ Heat to fuming, cool, add 
20 ml H2o. Add 5 mg Fe &: 2 m1 cone NH

4
0H. To supernate add 

6 ml cone HN0
3 

&: re-ppt with 5 ml a-b-o, wash. Repeat pptn of 
Fe for higher purity. 

Dissolve in 2 ml cone HN0
3 

& l ml 70% HC10
4 

& heat to fuming. 
Dilute to 30 ml, add l drop methyl orange, make just alkaline 
with 0.5 to 1 ml 6! NH40H. l~ke just acid with 6 ! H2so~. Buffer 
with 2 ml 10% NaAc, boii, add 0.5 m1 1 ~ AgN03 • Cool witn stirring. 
Filter, wash 7 times with 5 ml 0.03nAgNO , three times with 5 ml 
95% EtOH. Dry 15 min at 110°. Cool in ~esicco.tor. Weigh as Ag 2Moo4 • 

This method has been previously described in (Phys. Rev. ~ 17 (1949)). 

Mo oxime can be dissolved completely by NaOH (6N) and repptd by adding 
acid and more a-b-o. 

Stock solution of carrier - 18.4 g (NH4 ) 6 1fo
7
o24 .4Hz0 in 1 1 iter H2o. 

To standardize carrier: Put 5 ml carrier in 250 ml beaker. A~d 150 ml 
H

2
0,methyl oro.nge, several drops 6! NH

4
0H to alkaline, just acid ·with 

6 N H?So
4

• Add 1 gm Na.Ac ;. boil, add 2. 5 ml 1 N AgN0
3

, stir. Cool slowly 
to -25<:5 C. Filter on tared sintered glass filter. Wash and weigh as 
mentioned before. 

10 :mg Mo = 39.15 mg Ag
2

Mo0
4 

(M.rr. 375.71) 

8/23/49 
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CHEMICAL SEPARATIONS 

Element separated: :Molybdenum Procedure by: Folger 

Target material: rJ 4 g U metal Time for sep 'n: rJ 2 hrs. 

Type of bbdt: 184 11 all high energy particles 

Yield: Approx. 50-80% 

Equipment required: 
wide-mouth cylindrical sep. 
funnels, stirring motor 
and glass stirring rods, 
ice bath, centrifuge and 
cones 

Degree of purification: r\J 104 from all F.P. activities 

Advantages: Gives pure No in good yield 

Procedure~ To aliquot of sumplc in solution: 

(1) 

(2) 

(3) 

(4) 

Add 10 mg Mo and concentrated HCl, destroy mro
3

• ~~fa..~e up to 5 ml 
6 _!! HCl, add one drop Br2 water, extract t'vdcc with 15 ml ether 
allowing N 5 min equilibration. Combine ether layers and wash 
trdce with 2 ml 6 N HCl o Evaporate ether over 5 ml H

2
o •. 

Boil out ether, dilute to 10 ml, add 2 mg ~+3 and 2 mg Cb(as 
oxalate) and precipitate with 1m

3
• 

Make supernatant 0.5! in HCl and add 1 ml saturated H2c
2
oll.' cool. 

Add 3 ml 2% solution of a-benzoin oxime in alcohol, digest-2 min. 
in ice bath, t3,dd aerosol and c.ontrifuge 5 min. (If the W,o oxime 
do~s no~ settle woll, dilute the solution with C2H50H). Wash 
tl.nce vn th rv 2 ml o. 5 ! ~so4 • 

Add 2 ml concentrated HN0 3 and l ml concentrated HC10
4 

and boil 
car~f'ully to fuming. Cool, dilute to 10 ml with H

2
o, add 2 mg 

FeT , and precipitate with 6 N NaOH. 

(5) Repeat (3) by making: 0.5! in H2so4 instead of HCl. Repeat (4). 

(6) . Add 1 drop methyl orange to superna ta.nt and make just acid With 

Remarks: 

(1) 

(2) 

(3) 

8112/49 
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6 !H2so4 • Buffer with 1 ml 10% CH
3
COONa, boil, add 10 drops 1! 

Aglm.,..? cool slowly with stirring, f~ltc:r, wash five times with 
5 ml.:~0.03 M AgiJ0

3
, th:reo times with 5 ml c

2
n

5
mr .• dry 15 min. at 

110° C. Weigh as P.g
2

Mo0
4 

(39 .16 mg per 10 mg Mo). 

More cycles of other extraction and oxime precipitation may be 
added if needed for purity. 

Mo-a-benzoinoximo can be completely dissolved in 6 N NaOH and 
re-pptd by making the so ln 0.5 ! in It and adding a:"b-o. 

Continued fuming with cone HNo3 and cone HClO 
4 

will ppt a form of 
molybdic acid v:hich can be dissolved readily ~n 6 ! NaOH. 
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CHEUICAL SEPA&'.TIONS 

Element sepurutcd: Ruthenium Procedure by: Gocckormnnn 

Target mD.torio.l:fl'\.1 g Bi motul Time for sop 'n: ~2 hr. 

Type of bbdt: 18411 a.ll pc.rticles Equipment required: Distil­
ling fluskd icc, centrifuge, 
tubes, 110 oven 

Yield: npprox. 60% 

Degree of purification: Decontamination factor> 104 from fission and spul­
lu t ion pro duets • 

. t~.dvnnta.r;cs: Fair yic ld of pure Ru 

Procedure: 

l. 

2. 

3. 

4. 

Add 10 mg Ru und Os to nl iquot of HU0
3 

soln of target, boil 6! 
mm

3 
so!ution to vola.tilizc Os0,1 • Transfer to glass still, a.dd 

10 mg I , 0. 5 G Na.Bi0 3 , 1 ml concontra ted H3Po,1, a.nd 10 ml 70% IIClO • 
Boil in a.ir stream without bumping nnd dist1ll over RuO~L into 4 
12 ml 6!, l{o.OII in a.n icc ba.th. Dis·t;ill until 1-2 ml of HC10

1 
ha.vc 

distilled (2-3 min. a.ftcr fuming be-·ins ). 

To distilln to, o.dd 3 ml c
2

H
5

0H and boil 1-2 min. until Ru oxide is 
coa.gulutcd. Wush with 10 1;11 H2o nnd l ml 6! NtlOH tli:ld boil. 

Distill Ru0 1 a.go.in; if necosso.ry, and rcprocipitutc oxide. 
'.I:; 

Dissolve procipita.te in 2 ml hot 6N HCl tlnd dilute to 12 ml. Add 
V'l 0.2 g Mg chips or course powder-slowly (a.dd nero sol) until 
solution pnsscs through blue stage a.nd Ru

0 
uppenrs. Boil gently 

until coa.gula.tcd. Add 5 ml concentra.tcd rro1 to remove excess 
Mg a.nd boil, filter, wa.sh three times with 5 m1 hot H 0, three· 
times with 5 ml C2H50H, three times with 5 ml cthor, ary 10 min. 
a.t 110° c. Weigh a.s Ru

0
• 

Remo.rks: Some Ru rnay be lost from boiling a. cone. HN0
3 

soln. Os & Tc do 
not ppt with the EtOH. The Na.BiO converts I to 1odutc to prevent 
vola.tiliza.tion. Tho H

3
P0

4 
prevents vola.tiliza.tion of sma.ll a.mounts 

of Mo. 

7/29/49 
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CHEMICAL SEPAPJ1TIONS 

Element sopar~tod: Ruthenium - Procedure by: Folger & Hicks 
.Also by Wolfe 

Tn.rget mo. to rinl: rv 4 g. U mcta.l Time for scp'n: rv 1 1/2 -2 hr. 

Typo of bbdt: 184" n.ll high energy pa.rticlcs Equipment required: 
"Ruthenium still 11 (all glnss) 

Yield: n.pprox. 60% 

4 Degree of purification: rv 10 from all F. P. n.ctivi tics. 

Adw.nto.r;cs: Fo.irly ra.pid, simple procedure for obta.ining a. good yield of Ru. 

Procedure: 

(1) 

(2) 

(3) 

(4) 

8/16/49 

P-18-184 

Add 10 mg Ru a.nd Os, boil 6 l! HN0
3 

s:lution to volatilize OsO . 
Tro.nsfor to glo.ss still, a.dd 10 mg I , 0.5 g Na.Bio3 , 5 mg Mo ftold­
ba.ck, 1 ml conccntrc,ted H P0

4
, a.nd 10ml70% HC104 • Boil ;in a.ir 

strcr.m without bumping a.n~ d~still over Ru04 into 12 ml 6! Na.OH 
in a.n icc bo.th. Distill until 3-4 ml of HCI04 ha.vc distilled 
(5 min. a.ftcr fuming beg;ins ). · _ ....... __ ... 

To distillate, o.dd 3 ml C2H50H a.nd boil 1-2 min. until Ru oxide 
is coagulo.tcd. Wa.sh with 10 ml ~0 nnd 1 ml 6 N Na.OH a.nd boil. 
(loa.vcs Tc behind). 

Distill Ru0
4 

uga.in, if necessnry, a.nd reprccipi ta.te oxide. 

Dissolve prccipitnto in 2 ml hot 6 N HCl end dilute to 12 ml. 
(Tnke a. liquet for counting hero if des ired) • Add rv 0. 2 g Mg 
chips or coo.rse pmvder slowly (a.dd a.orosol) until solution pa.ssos 
through blue sto.ge a.nd Ru0 a.ppca.rs. Boil gently until coa.gula.ted. 
Add 5 ml concentra.tcd HCl to remov.:, excess Mg a.nd boil, filter, 
wnsh three times with 5 ml hot H

2
o, three times with ~ ml c2H

5
0Hd 

three times with 5 ml ether, dry 10 min. a.t l10° c. Heigh ::-.s Ru • 
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CHEMICAL SEPARATIONS 

Element separated: Ruthenium Procedure by: Lindner 

Target material: Sb ("'.5 gm metal) Time fo r sept n: · AJ 2 hr • 

Type of bbdt: 184 11 D &: a 2 
Equipment required: "Ru still" 

Lusteroid tubes, centrifuge, 
cones. 

Yield: 50% or greater 

Degree of purification: At leust factor of 100 

Procedure: 

(1) 

(2) 

To dissolve the Sb metal, add 15 drops of 27 N HF to it in a 
lusteroid tube in a hot water bath. -Add cone !mo

3 
dropwise 

until dissolved (,.._, 10 min.) Dilute to (",J 2J) ml. 

To the SbF
4

M solution add 20 mg each of 
Ru, MO and Y carriers as soluble salts! 
CentrifVge the YF

3 
and AgCl ppts. 

Te, Sn, In, Cd, Ag, Pd, 
Add 2 drops cone. HOl. 

(3) To half of the supn add 5 ml of 1% dimethyl glyoxime in alcohol. 

(4) 

Centrifuge. 

Place the s upn o.n an ice bath, add 5 ml 2~ 
digest 2. min. Centrifuge. 

a benzoin oxime and 

(5) Evaporate suptn to near-dryness on hot plate. Add 10 ml H2o, 2 ml 
cone. H2so4 and e:ap to fuming for 20 min. 

(6) Transfer to 11Ru.distilling flask", add 5 ml 70% HCl04 • Boil to 
fuming for 10 min, catching distillate in 5 ml 6 ! NaOH. 

(7) Add 2 ml EtOH to the Ruo4 in NaOH, boil and centrifuge. 

(8) Dissolve the Ru02 ppt in a minimum 6! HCl. 

(9) Add 5 ml 7o% HClO 4 • Repeat steps 6-8. 

(10) Add 0.2 t?;m Mg patlllder to aliquot of the Ru +++ sol 1n slowly. Boil 
gently to coagulate Ru. 

(11) Add 5 ml cone HCl to dissolve excess Mg and boil. 

(12) Plate the Ru metal and count. 

8/18/49 
p .. l8-2a2 
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CHEMICAL SEPARATIONS 

Element ser:nrntcd: Ruthenium Procedure by: Newton 

Target material: Thorium metal (.1-1 gm) Time for sep'nt 1 hr. 

Typo of bbdt: 6011 alphas Equipment required: 
"Ruthenium still" 

Yield: r0 106 

ProcGduro: The Th metal is dissolved in cone HCl plus n few drops of .2 M 
(NH

4
)2SiF

6 
to clonr up tho black residue. The, HCl is diluted to 2 N 

and nn o.hquot taken. 

(1) Place aliquot in a distilling flo.sk, o.dd 20 mg Ru carrier, 
10 mg I- carrier, 0.5 gm No.Bi0 3, l ml 85;0 H,.,PO~ a.nd 10 ml 70% 
HCl0

4
• Heat gently to boiling and distill ~tncnium rapidly, 

(a.vo~d bumping) into 12 ml of 6 N NaOH in a 50 ml centrifuge 
tube in an icc ba.th. Distill till 1-~ ml of HCl0

4 
have dis­

tilled (1-2 min o.ftor fuming begins). 

(2) To distillate o.dd 5 ml EtOH. 
over a flrumc and centrifuge. 
containing 1 ml of 6 ~ NaOH. 

Hca.t gently to boiling by swirling 
Suspend pptd Ru in 10 ml H 0 
Heat to boiling and centrd\~go. 

(3) Dissolve ppt by heating to boiling in. 2 ml 6 M HCl. Add 10 ml 
H2o. Add 0.2 gm Mg powder in small portions,-shuking with ouch 
aadition. Add a few drops 0.1% aerosol to minimize frothing. 
Boil gently until Ru0 in well coagula ted. Continuo boUing 2 nti.n. 
Slowly add 5 ml of 12 MHCl to remove excess magnesium and again 
boil 2 min. 

(4) Fil tor by suction on a wei-ghed fil "bor paper in a small Hirsch 
funnel. Y!ash three times with 5 ml hot H20, three times with 
5 ml 95% EtOH, and throe times with 5 ml Et2o. Dry 10 min. o.t 
110°. ITeigh o.s Ru0

• 

Remarks: ·· 

Propo.ration of Carrier Solution: Dissolve 28 gms commercial 
ruthenium chloride (RuCl 3RuC1

4
,x H2o) in wo.ter and dilute to 1 liter. 

Sto.ndo.rdization: Tr,kc 5 ml carrier in 250' ml crlomncyer. Add 25 ml 
H2o, 2 ml cone. HCl. .Add 0. 4 gms powdered ma.gnosium metal in small 
portions, shaking o.ftcr eo.ch addition. .Add a few drops 0.1% aerosol 
sol to prevent frothing o.nd boil gently till the ruthenium is coagulated 
and the supernate clear nnd colorless. Continue to boil 2 min. Add 
10 ml 12 N HCl to remove excess Mg and boil 2 min. (Add more Mg if 
supcrna.to-not clear). Filter, wash three times wi'l:;h hot H20, thrAa 
times with 5 ml portions EtOH, throe times with Et2o. Dry nt 110° 
und weigh as Ru metal. 

This method has been described previously (Phys. Rev. 75 17 (1949)). 

P-18-2-.56 
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5 nim ID 

19/38 ST ·. ) 

23 em 

30 em 

I 

50 ml flask 

Ruthenium Still 

8/24/49 

P-19-257 
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CHEMICAL SEPARATIONS 

Element scpnrntcd: Rhodium Procedure by: lifolfe 

Target mntorio.l: Urr-.nium metal (r.J 1 gm) Time for sop 'n: r-J 1 1/2 days 
when sopnro. ted with 
Pt o.nd Ir. 

Typo of bbdt: 388 Mev nlphns Equipment rcquir~d: · Spocinl 
distilling flask, centrifuge, 
sop funnels, Lus toroid 
tubes,. stnndr.rd. 

Yield: 10% 

Degree of purificntion: 104 from fission products (l!ono from Ir) 

Procedure: 

(1) Cut out the contrr-..1 portion of tho target a.nd boil with cone HCl 
to dissolve it und to expel Go. 

(2) Add 5 mg I- o.nd ro
3

- und boil tho solution a.guin to expel iodine. 

(3) Add 20 mg Os, Ir., Pt, und Au cnrricrs plus 20 mg Bo., Ru, Rh, r.nd 
Pd curriers. Wi thdrr.w u 20% o.liquot for dotcrmin.". tions of B..'\, 
Ru r.nd Rh. · 

(4) To the 20% aliquot o.dd HNO ,5 mg Ru currier o.nd 5 mg I- o.nd ro
3
-o 

Boil tho solution to cxpcT Os o.nd I. (CAUTION: Oso4 very po1sonous.) 

(5) 

(6) 

(7) 

(8) 

(9) 

Plo.cc tho .solution in n s pccic,l ::tll-glo.ss distilling flo.sk like 
thnt used for tho osmium distillation. Add 0.5 gm Nc.Bi03 , 1 ml 
cone H

3
Po4 ., o.nd 10 ml 70% HCl0

4
• Boil in nn o.ir stroc.m vri thout 

bumping end distill over Ru0
4 

1nto 12 ml 6 ! Nc.OH in nn icc bo.th. 
Distill until l-2 ml of HCl0

4 
ho.vc distilled (2-3 min nfter fuming 

begins.) Sec (44-2). 

The residue from this Ru distilln.tion is fumed strongly with the 
HC104 • 

Cool tho solution, dilute to 4 N o.nd o.dd 20 ml pyridine. 

Boil tho solution for five minutes, plo.ce in a. sopo.ro.tory funnel, 
o.nd o.dd 19 N No.OH to scpo.rntc tho frec-bo.sc pyridine lo.yor (the 
high cone of No.OH is Ill0rcly to keep tho volume low.) 

Wo.sh tho do.rk blue pyridine bycr three times with oquc.l volumes of 
dilute HCl, scpo.ro.ting tho lo.ycrs co.ch tim:; with 6! Na.OH. 

(10) Add o. few drops of 6 N No.OH to the pyridine lo.yer o.nd ovc,poro. to 

(11) 

P-18-183, 

the pyridine off. -

Po.ss H2S into the boiling o.lko.linc solution for sovcro.l minutes, 
while tho solution is o.cidifiod dropwiso with HCl. Sulfides of 
Rh nnd Ir ppt. 
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(12) Dissolve the ppt in a little aqua regia.. Add 5 mg of Au, Ft, 
and Pd curriers. 

(13) 

(14) 

(15) 

(16) 

(17) 

(18) 

(19) 

Make so1n 4 N in HCl and cxtrnct twice with equal volumes of 
butyl ncctntc to dccontnminntc from Hg ~nd Au. 

Dilute tho solution to ubou t 0.5 N in H+, add 5 ml dimothyl-glyaxime 
solution (1% in alcohol) nnd filter off" tho Pd ppt. 

Fume the rom.'lining solutionw ith H2so4 , di!uto, noutra.lizo to the 
brom cresol purple end point, a.nd add Br03 to ppt tho hydrated 
oxides of Rh and Ir, leaving Pt in solution. 

Dissolve tho oxides in cone HCl and dilute to known volume. 

An aliquot of proper size to givo nbou t 5000 c/m is wi thdro.vm 
and o. known amount of Rh carrier is added to it. 

Fume with H
2
so

4
, dilute w;onty ·to one, boil a.nd ppt Rh metal by 

adding TiC1
3 

dro~viso until a very slight excess is present. 

Plnto this Rh metnl and count. 

Remnrks: 

In uranium bombardments the o.ctivi~3 in step 16 is due almost entirely 
to Rh, tho activity of Ir being nbout 10 that of Rh --- even though no 
scpa.rntion has boon mnde from Ir. In some other bombarding arrangement where 
tho activities of Ir and Rh arc more closely equal, Ir could bo separated 
from tho Rh by a procedure 3imilar to tho last part of (77-3). 

Rh, Ir nnd Pt should be sopnratcd from one bombardment leaving Os, Ru, 
nnd Pd for c. second bom~'lrdmcnt unless sovcrnl pcoplo nrc cooper~ting on 
the procedure. 

For other platinum metal - fission product sopnro.tions sec: 

Pln tinum: 78-3 
Osmium: 76-1 
Ruthenium 44-2 
Palladium 4G-5 
Iridium 77-3 

8/16_/49 

P-18-182 
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CimMI CAL SEP:ffil:.. TIONS 

Element soparntcd: Palladium Procedure by: Gocckcrmnnn 

To.rgot mntorinl: V'\ 1 g Bi moto.l Time for scp'n:IJ\ 2 hrs. 

Type of bbdt: 18·111 o.ll particles Equipment required: Centrifuge, 
0 tubes, 110 oven 

Yield: tl\>- 60% 

) 4 Degree of purification: Decontamination fo.ctor 10 from fission o.nd 
spallation products. 

Advantages: Fair yield of pure Pd 

Procedure: 

1. 

2. 

3. 

To aliquot of HNO soln of to.rget o.dd 10 mg Pd+2,mnke up to 20 ml 
O.SN HCl, o.dd 5 mT dimcthyl-~lyoximc solution (1% in alcohol). 
Wo.sn with dilute IICl. 

Dissolve prccipit%tc in l ml conccntro.ted mi03 , dilute with 10 ml 
u

2
o, add 5 mg Fe+ o.nd rnv.kc basic with NH

3
• 

J .. dd 10 mg Ag to suporno.to.nt o.nd enough I- to prcc ipi to. to o.ll tho 
il.g. Ropco.t Agi scavenging. 

·1. Mlkc supernatant 0.5 N in HCl and centrifuge out o.ny l•gCl. Add 
5 ml dimethylglyoximc7 Wo.sh. 

5. 

6. 

Remarks: 
ppt. 

7/29/19 
P-18-105 

Repent purification cycle if needed for higher purity. 

Filter lo.st Pd dimothylglyoxime, wo.sh with H20 and C2H50H, dry 
10 min. o.t 110° c. Weigh o.s Pd dimethyl~;lyoxii!lo (20. 70 mg per 
10 mg Pd). 

Zr and Ag arc the principle contc,minnnts of the dimcthyl-glyoximc 
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CHEMICAL SEPARli.TIONS 

El em on t s ;; po. ra. to d: . P::tlladi um Procedure by: Folger & Hicks 

Target mo.terio.l: ru 4 g. U mcto.l Timo for sop 1n: rv 2 hr. 

Typo of bbdt: 184 11 o.ll high energy "?nrticles Equipment required: Centrifuge, 
cones, vnc. filter 

Yic ld: 1\/ 60% 

Degree of purification: "'104 from all F.P. activities. 

Advantages: Good yield pure Pd. 

Procedure: 

(1) 

(2) 

(3) 

Add 10 mg Pd+
2 

o.nd 10 mg Ni, make 0.4 N in HNO or HCl, o.dd 3-5 ml 
dimothyl-glyoximc solution (1% in nlcohol). V~shwith dilute 
HCl or HN0

3 
(0.2 _!! ) 

Dissolve prccipit%tc in 1 ml concentro.tcd HN03 , dilute with 5 ml 
H

2
0, o.dd 2 mg Fe+ und mo.k<; bo.sic rlith NH

3
• centrifuge und rcpco.t 

Fc(OH)
3 

sco.vcngc. 

Add 10 mg Ag to supcrna.to.nt o.nd enough I to prccipiir.tc o.ll the 
Ag. Centrifuge o.nd repent Agi sco.vcnging. 

(4) I.~ko suporno.to.nt 0.4 N in HCl o.nd centrifuge out o.ny AgCl. Add 
3-5 ml dimothylglyoximc. Wo.sh. 

(5) 

(6) 

Remarks: 

Rcpoo. t purifico. tion cycle (steps 2, 3 ,4) if needed for higher 
purity. 

Fil tor lo.s t Pd dimot~ylglyoxime, wc.sh -v-Ii th H20 o.nd c
2
H50H, dry 

10 min. o.t 110° C. Weigh o.s Pd dimethylglyoximc (20.70 mg per 
10 mg Pd). 

Pd-d-m-g is quito bulky o.nd may not centrifuge. In such co.sc, fil tor 
with suction. The ppt mo.y be dissolved by o.dding cone HN0

3 
o.nd catching tho 

solution which runs through tho filter. 

8/16/49 
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CHEMICAL SEPATA TIONS 

Element separated: Palladium Procedure by: Lindner 

Target material: Sb (~ .5 gm metal) Time for sep 1n: rv 1 hr. 

Type of bbdt: 184 11 D & et 
2 

Equipment required: 
Lusteroid tubes, centrifuge 1 

cones. 

Yield: Grea·l;er than 50% 

Degree of purification: Factor of at least 100 

Procedure: 

(1) To dissolve the Sb metal, add 15 drops of 27 N HF to it in a 
lusteroid tube in a hot water bath. Add conc-HN03 dropwise until 
dissolved (,..., 10 min.) Dilute to r-.1 20 ml. 

(2) To the SbF
4

- solution add 20 mg each of Te, Sn, In, Cd, Ag, 
Pd, Ru, lh & Y carriers as soluble salts. Add 2 drops cone. HCL 
Centrifuge the YF

3 
and AgCl ppts. 

(3) To half of the supn add 5 ml of 1% dimethyl glyoxime in alcohol~ 
Centrifuge. 

(4) 1'!ash the Pd 11 DM.G 11 ppt with water and dissolve in aqua regia. 
Evaporate to dryness. Add 10 ml 2 N HCL Add 1 mg Sb, Sn, In .. 
and Cd holdbacl: carriers and 5 ml 1ro 11 DMG 11 reagent in alcohol. 

(5) Repeat (4) twice (do three times altogether). 

(6) Wash the ppt with water and then alcohol. 

(7) Plate the Pd "DI.:G" ppt. 

8/18/49 

P-18-223 
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CHEMICAL SEPARATIONS 

Element separated: Palladium 

Target material: Thorium metal (.1-1 gm) 

Type of bbdt: 60" a's 

Yield: rv 80% 

6 + Degree of purifica. tion: N 10 except from Ag 

46-4 

Procedure by: Newton 

Time for sep 1n: rJ 1 hr. 

Equipment required: Standard 

Procedure: The Th metal is dis sol vcd in cone. HCl + a few drops .2 M solution_ 
(NH

4
)
2
SiF

6 
to clear up black residue. The HCl is diluted to 2 N 

ani an o.liquot taken. 

(l) 
++ 

To sample a~~)20 mg Pd • 
oxidize Pd. 

If sample in HCl, must add HN0
3 

to 

(2) Dissolv~3ppt in 1 ml cone HU0
3

, cool, dil with 10 ml H20, $dd 
5 mg Fe _, make basic with excess ~~4oH. Add 10 mg Ag and 
enough I to ppt Ag. Centrifuge and repeat scavenging. 

(3) l1:Take 0.4 N in HCl and centrifuge out a.nyAgCl. To supernate add 
3-5 ml dimethyl glyoxime, wash. 

(4) Repeat purification cycle in 2 & 3 for further purity. 

(5) Wash dimethyl glyoximo ppt with H2o and EtOH. 
110°. l!Teigh. 

Remarks: Zr and Ag+ aro principal contaminants, 
10 mg Pd = 31.6 mg PdC8N404H17 

Dry· 10 min at 

(1) The Pd is in Th as colloidal metal. Is not oxidized to Pd++ by 
HCl and does not exchange with carrier. 

This method has been described previously (Phys. Rev. 75 17 (1949)). 

8/23/49 

P-18-285 
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CHEMICAL SEPAR.'i.TIONS 

Element sopurutod: Pulludium Procedure by: Holfo 

·Tnrget mn teriul: Ur::-..nium (mctul) Time for sop 1n: ""1 dny when 
sepnrntod with Os und Ru 

Type of bbdt: 388 Mev a's Equipment required: Special 
distilling flnsk, centrifuge, 
sop funnel, Lusteroid tube, 
stnndnrd 

Yield: ,...., 50% 

Degree of purification: 103 from fission products 

Procedure: 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

(10) 

(11) 

P-18-246 

Cut out the centrnl portion of the tnrzet nnd boil with conccntrntcd 
HCl to dissolvo it nnd to expel Go. 

Add 5 mg I- a.nd I03- a.nd boil tho solution uguin to expel iodine. 

Add 20 mg Os, Ir, Pt nnd J~.u curriers plus 20 mg Bu, Ru, Rh nnd Pd 
curriers. Y!ithdrc.w c. 20% nliquot for lntor determinations of Bu, 
Ru, nnd Rh. 

Plnco the remaining solution inn special nll-glnss distilling flnsk 
having n thistle tube entry nnd nn uir entry. Add concentrntcd 
In~03 through th~ thistle tube, a.nd distill Oso4 into 6 ! NnOH in 
un ~co bnth. (0a.vo for Os determination). 

Plnce tho residue from the Os distillation inn beaker, a.dd 10 ml 
70% HC104 und boil tho solution to fumes of HC104 to expel Ru. 

Dilute the solution, ndd 5 mg more Ru currier, nnd 5 mg more I- nnd 
10

3
- nnd repent tho fuming. 

Add one ml dilute HCl, dilute tho solution to 4 n nnd oxtrc.ct twice 
with equnl volume butyl a.cctntc to decontnminnte-from Hg nnd from Au. 

Dilute tho solution to ~0.5 U in H+, o.dd 5 ml dimothylglyoxime 
solution (1% in nlcohol) nnd filter off tho po.llndium ppt. 

Dissolve ppt in HN03 ~diluto to 0.5! in H+, o.nd reppt the Pd dmg. 

Dissolve ppt in HN0
3

, a.dd 2 mg In+++ currier o.nd ppt the hydroxide 
by ndding NH40H. D~ssolve ppt in HN03 nnd ppt hydroxide twice more. 

Add 10 mg Ag+ to supn nnd enough Cl .. to ppt ull the Ag. Centrifuge 
c.nd repent LgCl scc..venges "b.vice. Con trifuge ·off nll AgCl. 
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(12) Dilute supn to known volUI!l.), tra.nsfor to c.. pla.s·::;ic lustcroid 
conta.incr (to prevent adsorption of J\g daughter a.ctivity on glass 
walls) a.nd vrra.~ in po.ro.film to prevent cvc..porc. tion. 

(13) Allow tho s oln to st::mh~or 12-16 hours until tho 3. 2 hr Ag
112 

do.ughtor of 21 hou.r Pd hns grown j_nto equilibrium. Therco.ftcr 
112 

a.t intervals of c-.bout ::t dc..y, known a.liquots nrc "milked" £fzthc l: .. g 
daughter by Ar;Ol pptns in order ~o dct..:rminc dcca.y of Pd • 

Remarks: os, Ru nnd Pd ca.n be taken from one bombardment leaving Rh, Ir 
and Pt for a. second bombardment unless several people a.ro cooperating 
on the procedure. 

For other pla.tinum moto.l - fission pro duet scpa.ro. tions ·soc: 

Platinum 78-3 
Osmium 76-1 

8/17/49 

P-18-245 

Iridium 77-3 
Ruthenium 44-2 Rhodium· 45-1 
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CHEMICAL SEPARAT 101-TS 

Element separated: Silver Procedure by: Folger & Hicks 

Target material: ~ 4 g. U metal foil Time for scp'n: ~2 hr. 

Type of bbdt: 18411 all high energy purticlcs Equipment required: Centri­
fuge, cones, microburncr, 
110° oven 

Yic ld: \A 80% 

Degree of purification: ).103 from all F. P. activities 

Adv~ntages: Relatively simple procedure giving good separation in high yield. 

Procedure: 

(1) * Dissolve target in..) 10 ! HN0
3

• Tnke c.liquot o.nd dilute to V'\ 5-6 
!_ m~o3 • 

{~) ** Add aorosol and precipitate AgCl with 1 ml 0.5 N HCl. Wash 
twice with 10 ml 1 ! mm

3 
containing 1 drop 2 £!-HCL 

(3) Dissolve AgCl in 2 ml 6! HH
4

0H, dilute to 10 ml, and add 2 mg Fc+ 3 

Centrifuge Fc(OH)
3 

und repeat scavenge {may be done in sumo tube.) 

(4) So.turo.to suporna.to.nt with ~S in the cold, wash Ag2s. 

(5) Dissolve Ag
2
s in 2 ml concentrated HN03 ,boil, dilute to npprox. 

4 N (8 ml) and precipitate AgCl with l ml 0.5 N HCl. Wo.sh twice 
with Hl~03 containing 1 drop 2 N HCl. 

(6) Repent {3). 

(7) Ropoo.t (4). 

(8) Dissolve Ag2S in 1 ml concentrated ~~o3 ,boil to destroy or remove 
all II

2
S dilute to 6 ml, add 1 mg Fe , o.nd mnke basic with NH

3
• 

(9) Add aerosol, make 2! in mro3, add 2 dro~s 6!! HCl o.nd boil to 
coagulate. Filter, wash three times with 5 ml 0.5 !HN0

3 
three 

times with 5 ml C
2

H
5

0H, dry 10 min. o.t 110° C. ~'leigh as AgCl 
(13.28 :rn.g per 10 mg Ag). 

Remarks: 

7/28/49 

* li.g carrier should be added to tho container in 1i1Thich target is dissolved 
in order to prevent loss of trace Ag by absorption in the glass. An 
amount of carrier should be added so that the aliquot will contain 
10-20 mg. 

*~'Boiling tho solution over a microburncr with stirring (being careful to 
avoid loss by bumping over) ca.usos rapid and complete coagula.tioil of 
AgCl. 

In step 2 addition of a few· drops Be, & Sr plus 2 drops 50% KzC0
3 

vlill 
provide additional decontamination from these clements. p_

18
_

107 
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CHEl.ITCl~.L SEPll.RATION'S 

Element separated: Silver Procedure t.y: Goockcrmnn 

Target nntcrinl:<.n 1 g Bi mcta.l Time for sop 'n: ·U'\ 2 hrs. 

Equipment required: Contri­
fuco, tubes, icc, 110° oven 

Type of bbdt: 184 11 a.ll partie los 

Yield: tA,SO% 

Degree of purifica.tion: Dccontnminc.tion factor.,.),. 10
4 

from fission and 
spa.lla.tion products 

"·-dva.ntagos: Good yield of pure i'l .. g 

Procedure: 

(1) 

(2) 

(3) 

(4) 

(5) 

To nliquot of II:H0
3 

soln of' target ndd 10 mg .. tg, a.crosol, dilute 
to 20 ml, a.nd precipitate ~\gC:l with 1 ml 6N HCl. Wo.sh with 10 ml 
n

2
o. -

+3 
Dissolve AgCl in 2 nl 6N NH~OH, dilute to 10 nl, o.nd a.dd 5 ~ FO • 

- :.r 

Sa. turn to supcrno. ta.nt with H
2

S in the cold, wo.sh :~g2s. 

Dissolve .. ~g2s in l ml conccntro.tod ~03., d~lute to 20 ml, nnd 
procipitntc .ll.gCl with 1 ml 6!!, HCl. hush w~th H

2
o. 

Ropca.t (2). 

(6) 'Ropeo.t (3). 

(7) Dis~olvc Ag
2

S in 1 ml concentro.tcd HN0
3

, dilute to 10 ml, udd 5 mg 
Fe +v 1 o.nd ooke basic with N~. 

(8) Ldd 5 dro'~s 6N HCl to supernatant, a.dd o.crosol, rnt:l.ko lN in HN0
3

, 
heat, filtar,,va.sh three ti:rros with 5 ml H

2
0, three tiiiils with 

5 ml c
2
n5oH, dry 10 min. a. t 110° C. Weigh o.s .ll..gCl (13. 28 mg per 

10 mg • ..g). 

llcrna.rks: li'!ilkinson suggested o.n electrolysis procedure involving plo.ting 
Ag

0 
on the co. thode from 2-3 I:!. HN?3 nnd then trnnsfo~ring it to the 

anode in a cya.nide bo.th -- tlns J.S good unless Pt, .i1.u, Ir, or Os a.rc 
present. 

7/29/19 
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CHEMICAL SEPAR/\.TIQliJS 

Element separated: Silver Procedure by: R. c. Lilly 

Target mo.terial: Cd (separated isotopes) Time for sep 1n: 30-40 minutes 

Type of bbdt: Deuterons and protons - 60 11 Equipment required: beakers, 
funnels, Hirsch funne 1 

Yield: N 90% 

Degree of purification: good - at least factor of 100 from other nativities 
present~ 

Advantages: Simplicity 

Procedure: 

(1) Dissolve the Cd target, weighing 10-15 mg, in a few milliliters 
of cone. HN0

3 
in a small beaker. When all of the material has 

dissolved, evaport\te to dryness to drive off excess HN0
3

• 

(2) Add 3 - 4 mg In and 3-4 mg. Ag as the nitrate sol 1ns and 
dilute to ,.v 10 ml vii th H

2
o. 

(3) Addl N h~l dropwise until·the Ag is completely ppt 1d as AgCl. 
Coagulate the ppt by heating and filter through a smo.ll ="42 
Yfuo. tmo.n filter pn per in a. short-stemmed g ln s s funnel • (~he f il tru te 
contains the Cd and In fractions and is worked up separately as 
described in the procedures for Cd and In from Cd targets. Nos. 
48-3 and 49-1. · 

(4) 'V\'Ush. the AgCl ppt several times with 0.1 E_ mro
3

, discnrding the 
washes. Dissolve ppt throueh paper with 6 N NH

4
0H, collecting 

the soln in another small beaker. -

(5) To sca.vange for In, add 2-3 mg ~ as ~s ml of FeCl~ soln, stirring 
well during the addition. Coagulate the ppt by hea~ing, filter, 
and discard it. 

(6) Re-o.c idlfy the filtrate with HN0
3 

and add n few 
to make sure that the AgCl is completely ppt'd. 
ppt by heating and filter through a ft42 V\lhatmun 
in a Gooch crucible or Hirsch funnel. 

drops of l N HCl 
Coo.gula te the 

paper disc held 

(7) Suck the sample as dry o.s possible and then pour 1-2 ml acetone 
through the paper to remove the residual H2o. Vfuen the paper 
disc is dry, mount under tape. 

Rem.arks: ·See Scott (Std. Meth. Chern. Ana.l.) for complete infornn tion on 
the ppt'n of AgCl~ 

8/17/49 
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CHEMICAL SEPARATIONS 

Element separated: Silver 

To.r get material: Sb ( rv • 5 gm metal) 

Type of bbdt: 184 11 D & a 2 

Yield: Equal or greater than 50% 

Degree of purification: l~t least factor of 100. 

Procedure: 

47-4 

/ 
Procedure by: Lindner 

Time for sep'n: rv 1 hr. 

Equipment required: 
Lusteroid tubes, centrifuge, 
cones 

(1) To dissolve the Sb metal, add 15 drops of 27 N HF to it in a 
lusteroid tube in a hot water bath. Add cono-HN0

3 
dropwise 

until dissolved (<VlO min). Dilute to ..v 20 ml. 

(2) To the SbF4- solution add 20 mg each of Te, Sn, In, Cd, Ag, 
Pd, Ru, M' & Y carriers as soluble salts. Add 2 drops cone. HCL 
Centrifuge the YF 3 and Agel ppts. 

(3) · Wash the ppt with 1 ! HF. 

(4) + Dissolve out the Ag from the ppt by adding 1 ml cone. NH40H. 
Centrifuge. 

(5) Dilute the supn to 5 ml and add 2 mg Fe+++ carrier. 
and discard the ppt of Fe(OH) 3 • 

Centrifuge 

(6) Add 1 mg each Sb, Sn, In And Cd carriers. Add 1 ml cone. HN0
3 

and 
1 drop cone. HCl. Centrifuge out the AgCl ppt. 

(7) Add 1 ml cone. NII4 OH to the ppt and rc peat ( 6). 

(8) Add 2 ml 6 N NaOH to the AgCl ppt. Digest 10 minutes in hot 
water bath.- Dilute to 10 ml & centrifuge. 

(9) Wo.sh the Ag; 2o ppt with water and then dissolve in 1 drop cone. 
HN03 • 

(10) This solution can be plated or if chemical yfeld is to be determined 
the Ag should be weighed as AgCl. 

8/18/49 
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Element separated: Silver Procedure by: Newton 

Tnrgot rr~tcrial: Thorium metal (.1-1 gm) 

Type of bbdt: 60 11 ats 

Time for sep'n: 1 hr 

Equipment required.: Standard, 
tank H

2
S 

Yic ld: f'\J 85/~ 

6 
Degree of purif'ico.tion: N 10 except from Pd 

Procedure: Th meto.l dissolved in cone HCl + o. few drops .2 M solution 
(NH

4
)
2

SiF
6 

to olac.r up blo.ck residue. The HCl is diluted to 2 li o.nd 
c.n o.ll.quot token. 

(1) Add 20 mg Ag+ to sample o.fter diluting to 0.3 N HCl. Digest a 
few min. Centrifuge AgCl ppt off c.nd wash vrith 10 ml 1120• 

(2) 

(3) 

(4) 

(5) 

Remarks: 

Dis2ol vc AgCl in 2 ml 6 N NH
4 

OH. Dilute to 10 ml nnd add 5 mg 
Fe+ • Centrifuge off FeTOH)

3
• i:..dd more Fe and rocentrifuge. 

Saturate supernate with H
2
s. Precipitate Ag2s. Hash Ag2s. 

Dis sol vc ppt in 1 ml cone HN0
3

• D~l to 10 m1+
3 

Neutralize with 
6 N NHL1: OH and add 1-2 ml excess. lldd 5 mg Fe • Discard ppt. 

Repeat Af2S and Fc(OH)3 pptns. 

To last Ag(~IH3 )~ + sol. add 5 drops 6 ! HCl, aerosol c.nd 2 ml 
6 N HN0

3
• Hea. t"'and filter. Wash three timas 5 ml H

2
o, three 

times 5 ml 95% EtOH. Dry 10 min. at 110° and weigh a.s AgCl. 

10 mg .. '\..g+ = 13.3 mg ~"..e;Cl (M. W. 143 .. 34) 

This method has been described previously (Phys. Rev.~ 17 (1949)). 

;lg+ is c.dsorbed vory rapidly by glo.ss in carrier free solution. Dissolve 
and treat in quartz or lustoroid till carrier added, otherv1isc most of 
active i1. g + 1M y be 1 o st • 

8/23/49 
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48-1 

CHEMICAL SEPARATIONS 

Element separated: Cadmium Procedure by: Folger, Hicks, 
Miller 

Target material: ""'4 g. Umetal foil Time for scp'n: 2-2.5 hr. 

Typo of bbdt: 184 11 n.ll particles 

Yield: tA 701~ 

Degree of purification: .>10
3 

from all F. p. nativities. 

Procedure: 

(1) 

(2) 

(3) 

Add 10 mg Cd and Cu o.s indica. tor a.nd make basic with N~, centri­
fuge. Wash ppt with NR4 OH o.n~ combine washings. 

Saturate supernatant with ~S and centrifuge, wash. 

Dissolve precipitate in minimum quantity cone. HCl and cvo.poro.to. 
. . +++ +++ +++ . D1ssolve 1n 10 ml H20, add 5 ~ Fe , La. , o.nd In :a.dd NH3 

· and centrifuge. Ada more Fe++ a.nd con trifugc on top of first. 

(4) Pass ~.S int~ suporno.tant nnd centrifuge. 

(5) Dissolve ppt in 3 ml cone. HN0
3 

and dilute to 8 ml. Add Ag+ o.nd Cl­
and con trifugc. 

(6) 

(7) 

(8) 

(9) 

(10) 

7/28/49 
P-18-104 

Neutralize supernatant with NH
3

, o.dd enough solid K~~ to complex Cu 
and pass in E2S• · 

+2 Dissolve CdS in 2 ml 6N HCl, dilute to 6 ml, add 10 mg Pd , heat, 
and so. turn to with H

2
S.-

+3 Add Sb to supcrno.to.nt and scavenge with Sb2s
3

• 

To supernatant add excess NH40H and so.turo.te With ~s. 

Dissolve CdS in o. few drops of HCl, evaporate to dryness. Dissolve 
in 9 ml of n. solution containing 3 ml 6 N ~c o.nd 6 -ml of 6 N NH .: .. c. 
Hoo.t, add 2 ml 1.5 ~ (NH

4
)2HP04 , and di~?st hot for 15 min. -Fil%cr, 

wash with H
2
o, dry 10 min. n.t Il0° C. 'UVcigh a.s CdNH4Po4 .~o 

(21.66 mg per 10 mg Cd). 
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CIIEVITCAL SEPARATIONS 

Element sepnratod: Carn~ium Procedure by: Goeckermann 

Target material:·\~ 1 g Bi metnl Time for sep 'n: V\ 2 hrs. 

Type of bbdt: 18411 all particles Equipment required: Centri­
fugg, tubes, H2s tank, 

Yield: I/) 70'/o 110 oven 

Degree of purification: Dccontanino.tion factor )t104 from fission and 
spallation pro duo ts. 

i~dvn.ntn.c;es: Good yield of pure Cd 

Procedure: 

(1) 

(2) 

(3) 

(1) 

(5) 

(6) 

(7) 

(8) 

(9) 

(10) 

7/29/19 

P-18-103 

To aliquot of HN03 soln of target add 10 mg Cd and make basic 
with N~, centrifuge out Bi(OII)

3
• · 

Add 10 ml concentrated HCl to supernatant and evaporate to dryness. 
Ta.ko up in 20 ml 0.2 N HCl and sa turn to with n

2
s. Wa.sh CdS with 

n
2
s water. 

Dissolvc3CdS in 1 ml 6! HCl, boil out H2s, dilute to 10 ml, add 
5 mg Fe+ nnd 6! NH

4
0H droowisc until Fe(OH)

3 
precipitation begins. 

Redissolve 1-2 dro·,s HCl, hent, add 4-5 dro'~S 6! CH3COONII~, centri-
fuge out basic ferric acetate precipitate. ~ 

Add 10-15 drops 6! HCl to supernatant nnd precipitate CdS. 

Dissolve CdS in HCl and e~pcl H2s, add several mg In and precipitate 
with NH3 • 

Ra-ncidify and prccipitnte CdS. 

+2 
Dissolv~ CdS in 2 ml 6N HCl, dilute to 10 ml, add 10 mg Pd , heat, 
o.nd sa turn to with H

2
S .-

+3 
~dd 5 mg Sb to supernatant and scavenge with Sb2s3

• 

To supernatant add excess NH40H and saturate with ~S. 

Dissolve CdS in a fow drops of HCl, expel ~2s, add 2 ml 3M HCl, boil, o.dd 2 ml 1! (NH
4

)
2
Hro

4
, 

15 min. ··. Fil tor, wash with H20, dry 10 mJ.n. nt 
CdNH

4
P04 •H2o (21.66 mg per 10 mg Cd). 

dilute to 15 ml, 
and digest hot 
ll0°C. Weigh as 



0 0 0 0 7 0 J ~ 7 9 
48-3 

CHEHIC~..L SEPl>R.\TIOlTS 

Element separated: Cadmium Procedure by: R. c. Lilly 

Target :me.tcrial: Cd(scpo.ratcd isotopes) Time for scp'n: 2-3 hours 

Type of bbdt: Deuterons and protons·- 60 11 Equipment required: Beakers, 
funnels, Hirsch funnel~ 
sepc.ro.tory funnels, pH meter. 

Yield: rJ 90% 

DJgree of purification: good - at lca.st factor 100 from other activities 
present. 

Advantages: Good sepo.ration 

Procedure: 

P-18-215 

(1) Dissolve the Cd target, weiehing 10-15 mg, in a few milliliters 
of cone HN0

3 
in n small banker. Vfucn all of tho material has 

dissolved, evnpora tc to dryness to drive off excess HN03 • 

(2) Add 3 - 4 mg; In and 3-'l m~ .t.g o.s the ni tra~~ sol 'ns and dilute 
to rJ 10 ml vd th ~0. 

(3) l...dd 1 N HCl dropwisc until the ~\g is completely ppt'd as AgCl. 
Coagulate tho ppt by heating and filter through a small '1'l=42 
Y!ho.tmo.n fil tor paper in a short-stemmod gJn ss funno 1. Tho fil trn to 
contains the Cd and In fractions. (The ... 'l.gCl ppt is v1orkcd up 
separately o.s described in tho procedure for ... '..g from Cd t..'l.rgots, 
No. 47-3). 

(4) lhke the filtrate ammoniacal and a.d·d another 3-4 mg l.g as the 
ni tra to so l'n. .il.c idify v;i th HNO and add a few drops of 1 N 
HCl ·to insure complo to ppt 1n of igcl. Coa.gu la to tho ppt by­
heating, filter on =//=42 paper, and discard. 

(5) Adjust .. the pH of tho filtrate to 3.5 with NH
4

0H nnd transfer 
to n 50 ml separatory funnel. 

(6) Extract the In by shaking with three portions of 0.02 M 8-hydroxy­
quinoline in CH~Cl, drawing tho organic layers off into a second 
separatory funnel o.ftor each pass. Discard the few drops of 
mixed sol 1n which remain in the stopcock after separation of 
layers. (The In is contained in this organic layor and is worked 
up separately as described in the procedure for In from Cd 
targets, No. 49-1). 

(7) Add 3-4 mg In as the nitrntc sol 'n to the HzO layer remaining in 
the first funnel. Repeat the extrQctions as outlined in (6) 
above, but this time disco.rd tho three organic layers containing 
the scavenger In. 
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(8) Draw the H20 layer into a bea.ker, boil off rcsi dual CH
3
Cl, a.nd 

a.dd 1~ OH to ppt Cd as the 8-hydro~~quinola:te. Filter through 
a =1/=42 ~o.tman pa.per disc held in c, Gooch crucible or Hirsch 
funnel. Suck the so.mplc on the paper o.s dry as possible a.nd th<m 
complete tho drying under o. hca.t la.mp before mounting under ta.pc. 

Romo.rks: 

Sec Scott (Std. Hcth. Chcm. Ana.l.) for complete i!lfornntion on tho 
ppt'n of J\.gCl. 

Sec S::mdcll (Colorimetric Determina. tion of Tra.ces of 11etnls) for further 
informntion on the cxtro.ctio11 of In wit;h a-hydroxyquinoline. 

8/18/49 
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CHEliiiCAL SEPi.RATIONS 

Element scparo.ted: Cadmium 

Target material: Sb (N .5 gm metal) 

Type of bbdt: 18411 a & D . 2 

Yield: 5Wo or greater 

a 

Dogrec of purification: At least factor of 100. 

Procedure: 

48-4 

Procedure by: Lindner 

Time for sop 'n: f'J. 2 hours 

Equipment required: Lusteroid 
tubes, centrifuge, cones, 
tank H2S, so2 

(1) To the target add 15 drops 27 N HF in lusteroid tube in hot water 
bath. .il.dd cone ENO.,. dropwisc until dissolved (10 min.) Dilute 
to rV 20 ml. 0 

20 
(2) Add/mg each To, Sn, In, Cd, Ag, Pd, Ru, Mo, Y carriers as soluble 

salts. Add 2 drops cone HCl. Centrifuge. 

(3) Divide supn into two equal parts. 

(4) Evaporate one part to near-dryness. Cool, add 20 ml 3 N HCl. 

(5) Boil the supn to expel so
2

, add 5 ml H
2
o. 

(6) Saturate ~~with HzS until Sb
2

s
3 

pptn complete. 

(7) Evaporate the supn to near dryness. Take up in 15 ml 1! NaOH. 

(8) Wash the Cd and I~4hydroxide with very dilute NaOH, dissolve in 
HCl. Add 2 mg Sn holdback. 

(9) Repeat NnOH p~tn, dissolve and make to 15 m1 in 2 N HC1. 

(10) Add 5 mg Sb+++, 2 mg Teo
3

- and saturate with ~S. 

(11) Boil supn to expel H2S. Add excess NH40H. Centrifuge. 

(12) To the supn containing the Cd (NH3)4++ complex add 2 mg In+++. 
Con tri fugc off the In ( OH) 

3 
ppt. 

(13) Saturate sup 'n vrith H
2
S. Centrifuge CdS ppt. 

(14) Dissolve CdS in HCl. 

· (15) Dilute an aliquot of solution to 15 ml. Add· 11 ml 3 ~ NH4C1, 1 ml 
1.5! (NH4 )2 HP04 and weigh the Cd1~4Po4 .H20 ppt for.med. 

8/18/49 
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CHEMICAL SEPABATIONS 

Element s cpa ra. ted s Cadmium Pro co duro by: Nev.rton 

Target material: Thorium metal (.1-1 gm) 

Typo of bbdt: 60 11 a.'s 

Time for scp'n: 2 hrs. 

Equipment roquired: 
Standard, tank H2S 

Yield: N 50% 

Degree of purification: (V 105 from fission products 

Procedure: The metal dissolved in cone HCl + a few drops .2 M solution 
(NH4 )2SiF6 to clear up b1aok residue. The HCl is diluted to 2 Nand 
an u11quot taken. 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

Add 10 mg cadmium carrier. Dilute to 0.2 N HC1 1 pass in H2s, 
ppt CdS. Wash with ~S wa. ter. -

Disso1 ve CdS
3
in 1 ml 6 N HCl. Boi5 out ~S. Diluto to 10 ml. . 

Add 5 mg Fe+ 1 5 mg La +o, 6 mg In+ ~ add ttH
4 

OH. Pre o ipita te 
Fe(OH)

3
• Centrifuge. Add more Fe+ and scavenge again, centri­

fuging do·rm on top of first. 

Pass n2s into supernate, ppt CdS. 

+ Dissolve CdS in 1 m1 6 N HC1, boil, dilute to 10 m1, heat, add Ag , 
ppt AgCl, digest a few min., centrifuge~ 

Add NH
4

0H until a.lkalino_,pass in ~s, ppt CdS. 

Dissolve Cd in 2 ml 6 N HC1. Dil to 10 ml. Add 10 mg Pd+
2 

heat 
and saturate with H

2
S,-ppt Pds~· Rcpeo.t sulfide scavenging v.rith 

5 mg Sb. 

(7) Tq supcrno.te add 2 m1 6! NH40H saturate n2s. Ppt CdS. 

(8) 

Remarks: 

Dissolve CdS in a few drops HCl. Boil to expel H2s. Dilute 
to 15 ml. Add 1.5 ml 3! NH4Cl, boil, o.dd 1.5 ml 1.5 M (N.H )2 
HP04 and digest hot 15 minutos. Fu tcr. vVnsh with H2~, d~ 
10 min. o.t 110°. 1'!eigh a.s Cd(NH4 )P04 .H2o. 

10 mg Cd = 21.63 mg CdNH
4
Po4 .H

2
0 (M.W, == 243.4~) 

This method ho.s been doscri bed previously (Phys. Rev. 75 17 (1949)). -

8/23/49 
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CHEMICAL SEPARATIONS 

Element separated: Indium Procedure by: R. C. Lilly 

Target material: Cd (separated isotopes) 

T-;pe of- bbdt: Deuterons and protons - 60 11 

Time for sep'n: 2-3 hours 

Equipment required: 

Yield: rJ 90% 
Beakers, funne ls, Hirsch 
funnel, separatory funnels, 

' pH meter 

Degree of purification: good - at least factor of 100 from other ~ctivi ti.es 
present. 

Advantages: Good separation 

Procedure: 

(1) Dissolve the Cd target, weighing 10-15 tnG 1 in a few milliliters 
of cone HN0

3 
in a small bt.aker. Vlhen all of the material has 

dissolved, evaporate to dryness to drive off excess IJN0
3

• 

(2) Add 3-4 mg In and 3-4 mg Ag as the nitrate sol'ns and dilute 
to rv lO ml Ydth ~0. 

(3) Add 1 N HCl dropwise until the Ag is completely ppt'd as AgCl. 
Coagulate the ppt by heo.ting and filter through a small ~)',42 
Vfuatman filter paper in a short-stemmed glass funnel. The filtrate 
contains the Cd and In fractions. (The AgCl ppt is worked up 
separately as described in the procedure for Ag from Cd targets, 
No. 47-3). 

(4) M:~ke the filtrate ammoniacal and add another 3-4 mg Ag as the 
nitrate sol 'n• Acidify with HNO and a.dd a few drops of 1 N 
HCl to insure complete ppt 1n of lgcl. Coagulate the ppt by­
heating, filter on ~'/=42 paper, o.nd discard. 

(5) Adjust the pH of the filtrate to 3.5 with NH40H and transfer 
to a 50 ml separatory funnel. 

· (6) Extract the In by shaking with three portions of 0.02 M a-hydroxy­
quinoline in CH3Cl, drawing the organic layers off into a second 
separatory funnel after each pass. Discard the few drops of 
mixed sol'n which remain in the stopcock after separation o:f' 
layers. (The In is contained in this organic layer; ) .. 

!he Cd remains in the ~~0 layer o.nd is worked up separately ~s 
described in the procedure for Cd from Cd targets, No. 48-3. · 

(7) Treat the organic layers in the second funnel with an equal 
volume of pH 3.5 HCl sol 1n to remove traces of Cd. 

(8) Draw off the organic layer into a beaker, add dilute HCl and boil 
off the CH Cl. Add NH OH to ppt In as the 8-hydroxyquinolate 

and filter ~hrough o. 'i~~~ Whatman paper disc held in a. Gooch 
crucible or Hirsch funnel. Suck the sample on the paper as dry 

P-18-214 
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as possible and then dry the disc carefully under a lump and mount 
under tape. 

Ilemarks: 

See Scott (Std. Heth. Chem. Anal.) for complete information on the 
ppt'n of AgCl. 

See Sandell (Colorimetric Determination of Traces of ]Jetals) for 
further information on the extraction of In with a-hydroxyquinoline. 

8/18/49 
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CHBl.IICAL SEPARATIONS 

Element separated: Indium 

Target mate rial: Cd (separated isotopes) 

Type of bbdt: Deuterons and protons - 60 11 

Yield: 50-75% 

Degree of purification: good - at least 
factor of 10 from other activities 

Advantages: speed 

Procedure: 

8 
49-2 

Procedure by: R. c. Lilly 

Time for sep'n: 10 minutes 

Equipment required: 
Small beakers 
Force lain filter crucible 
Filter flasks 
Gooch crucible & holders 
Glass funnel & filter ring 
Test tube 

(1) Dissolve the Cd target material, weighing a few milligrams, in 
a few drops of hot cone. HN0

3 
in a 20 ml beaker. Add 2 mg Ag 

and 2 mg In as the nitrate sol'ns. The total volume at this 
point should be I'V 5 ml. 

(2) Add a few drops of methyl orange and neutralize with NH
4 

OH until 
the sol'n is slightly basic (yellow). Coagulate the ppt for a 
few seconds on a pre he a ted hot plate. 

(3) Filter the sample through a porcelain filter crucible into a 250 ml 
filter flask, using suction. 'Flash the ppt with a small amount of 
1% lJH

4
No

3 
sol in. 

(4) Place the crucible containing the ppt on a rubber filter ring in 
a glass funnel and arrange a test tube in the filter flask in 
such a way thHt the tip of the funnel drips into the tube. Dissolve 
the ppt in HN0

3 
and suck it through the filter into the test tube. 

(5) Lift the tube out of the flask and pour the sol'n into another 20 ml 
beaker. Repeat the ppt'n as in (2) and filter the In(OH)3 through 
a ~V42 Wha tman filter paper disc held in a Gooch crucible or a Hirsch 
funnel. 

(6) Suck the sample as dry as possible and then pour 1-2 ml acetone 
through the paper to remove the residual H2o. When the paper disc 
is dry, mount on a card under tape. · 

Remarks: 

In practice a segmE?nt consisting of rv 10% of the total was usually cut 
from the dried paper disc and mounted separately for use in counting the short 
half lives; the remainder, which was too active to count originally was then 
used to follow the longer half lives. 

8/18/49 
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CHEMIC.AL SEPARATIONS 

Element separated: Indium Procedure by: Lindner 

Target material: Antimony (~ .5 gm metal) Time for sep 1 n: 1-2 hours 

Type of bbdt: 184 11 a. & D 
2 

Equipment required: Lusteroid 
tube, centrifuge, cones, 
tank N2s, so2 Yield: 50% or greater 

Degree of purification: At least factor of 100 

Procedure: 

(1) To the target add 15 drops 27 N HF in lus teroid tube in hot water 
bath. il.dd cone I-UT0

3 
dl'Opi'V'ise until dissolved (10 min.) Dilute 

to rv 20 ml. 
20 

(2) Add/mg each Te, Sn, In, Cd, Ag, Pd, Ru, Mo, Y carriers as soluble 
salts. Add 2 drops cone HCl. Centrifuge. 

(3) Divide supn·: ,:t· into two equal parts. 

(4) Evaporate one part to near-dryness. Cool, add 20 ml 3 N HCl. 

(5) Boil the supn to expel so2, add 5 ml H2o. 

(6) Saturate~ with H2s until Sb2s
3 

pptn complete. 

(7) Evaporate the supn to near dryness. Take up in 15 ml 1 N NaOH. 

(8) Wash the Cd and I~4hydroxide with very dilute NaOH, dissolve in 
HCl. Add 2 mg Sn holdback. 

(9) Repeat N"aOH pptn, dissolve and make to 15 ml in 2 N HCl. 

(10) Add 5 mg Sb+++, 2 mg Teo
3
= and saturate with H

2
s. 

(11) Boil supn to expel H
2
s. Add excess NH

4
0H. Centrifuge. 

(12) Dissolve the In(OH)
3 

ppt in HCl. Add 2 mg Cd++. Repeat 1rn:
4

0H 
treatment. 

(13) Dissolve the In(OII)
3 

ppt in HCl and plate an aliquot. 

8/18/49 
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CHEMLiAL SEPARATIONS 

Element separated: Indium Procedure by: Wilkinson 

Target material: Uranium (,v 1 gm) Time for sep •n: 1'\J 1 hour 

Type of bbdt: 18411 (high energy fission) 

Yield: 75-80% 

Equipment required: Standard 

Degree of purification: 10
5
-106 from activities present 

Procedure: 

(1) To aliquot of target solution add 5 mg of holdback carriers; 
(Rare Earths, Ba, Sr, Zr, Rb, Cs, Te., Mo and rest of the sulfide 
group me tal s) plus 5 ll'.g In and Cd carriers. 

(2) Adjust acidity to 0.4 - 0.5 N HCl and saturate with EZS• 

(3) Repeat steps 1 & 2 twice. 

(4) Add lffi4"'lc ;?lus acetic acid, ppt In & Cd sulfides. 
cold 

Discard 
ppt. 

(5) Dissolve ppt injl! HCl and repeat steps 1-4 three times or 
until tho acid sulfide fraction is inactive. 

(6) Dissolve the In & Cdsulfidcs from last sulfide pptn in cold 
1 If HCl (only Cd & In sulfides soluble in cold 1 ! HCl, Sn 6 
Sb-soluble in hot 1 !HCl). 

(7) Add R. E., Ba & Sr carriers, make slightly alkaline \'lith NH
4

0H. 
Then add HCl until faintly acid. 

(8) Add excess NaAc and boil. Centrifuge off the basic indium 
acetate. (Cd remains in solution) 

(9) Dissolve the ppt in dilute HCl. Add 5 mg Cd carrier and repeat 
stops 7 o.nd a. 

8/24/49 

P-18-252 
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CHEMICAL SEPARATIONS 

Element so para ted: Tin (f"'-' 10 mg) Procedure by: W .R. l!cDonell 

Target material: Recovery from chemical 
wastes after bbdt including 50 mg Fe, 
30 mg Sb, 20 mg Cu 

Time for sep'n: 3-4 hr. 

Equipment required: Centrifuge 

Yield: 90-95% 

Degree of purification: Atlenst factor of 100 from meto.ls present in 
mcro· o.mount. 

Advantages: High recovery yield. 

Procedure: 

(1) 

(2) 

(3) 

(4) 

Combine vmv~~s, crush and dissolve residues in HCl (l), 1JN03 or 
aqua. regia. , using allmli fusions (No.2co

3 
or No.OH) where necesso.ry. 

Neutralize with NH
4

0H or i-lo.OH, mnke .25-1.0 N acid with HCl, puss 
in H2S to so.turntion, ppt black (usually) acid sulfide group+ 
sulfur. Centrifuge, decant. 

Add 15 co No. S soln (Z) to ppt. Reo. t 60-80° C with sti.rring. 
Add rvl5 ml no~ 0.6 N NaOH, centrifuge, decant. Wash with 
2nd portion of Nn 2S • Combine fil tro. te s. Acidify slowly with 
HCl to neutral litmns, then muke .25-1 N acid. Saturate with 
f2S• Centrifuge, decant. 

Add co!}.q' HCl, vmrm with stirring to dissolve sulfides and coo.r;ulte 
sulfur~ 0 

• Centrifuge, decunt. Yfo.sh sulfur with hot 6 I'! HCl. 
Combine solutions, which new contain Sn, Sb (nnd As if £ii.y origino.lly 
present) o.nd only small amounts of Cu group metals. 

(5) Do the tin antimony separation as outlined in f~2. 
(selecti vo sulfide ppt or!"V Fe reduction, etc.) 

procedure'· 

Remo.rks: 

(1) 

(2) 

(3) 

(4) 

8/11/49 

Avoid boiling cone. ohloride solutions of Sn, since SnC14 is 
somewhat volatile. 

Nn.2Sx i~ used instead of . (FH4 ) 2 ~x: ~ceo. use it affords a better 
seraratJ.on from Cu, n maJor cornamJ.no.nt. (Ref. A System of 
Chemical Ano.lys is, E. H. Swift, Prentice-Hall. Inc., New York, 1940 
P· 215.) Specifications for Nn S soln! dissolve 480 g Na 2S·9H20 
+ 40 g. NaOE in minimum runt of ~o.ter, dissolve 16 g powdered 
sulfur in this soln, dilute to 1 liter. 

1\ lo.rge quantity of sulfur is present in the ppt. Ho·wever, it 
coa.gulo.tes very well on heating in' acid solution, ·while adsorbing 
very little of the sulfide, allowing satisfactory cxtro.ction. 

Traces of Cu o.re dissolved by No.
2
s solution. This, however, 

follows the Sb in the subsequent S~-Sn separations. (Selective 
sulfide pptn or Fe reduction). 
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CHEMICAL S:8PARATIONS 

Element separated: Tin Procedure by: Newton 
& McDonell 

Target material: Tin (plus Cu of target 
holder) 

Time for sep'n: 1 1/2 hrs. 

Type of bbdt: low energy d,p,n Equipment required: centri­
fuge, hot plate, glassware 

Yield: 50-70% 

Degree of purification: rv 106 

Advantages: Simpler than oxalate or distillation procedures 

Procedure: 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

Dissolve target in HCl,heating(l) and adding dro~2~r2 or few drops 
of HN0

3 
where necessary to effect rapid solution • Add 10 mg 

So, In carriers. 

Mr.ke 3-4 N HCl. Add iron powder to excess (hydrogen evolution), 
heat with-stirring,ppt Sb and Cu metal (blaclc),filter by vacuum 
through sintered glass filtering crucible. 

. ( ++ +++ ++ ++++ To f1ltrate add drop of Br2 Fe ---t Fe , . Sn ~ Sn 
Neutralize with N1I40H to appearance of red Fe(OH)3, add just 
enough HCl to redissolve Fe t9¥)3 (acidity < 1 N), pass in !i2S to 
saturation, ppt yellow SnS2 • 

Dissolve SnS
2 

in HCl (3 co of 12 !) by heating(l), stirring. Add 
10 mg Sb carrier, stirring. Dilute to 2.5 1~ acid (IV 14 co), heat 
in boiling water bath, pass in H2s to saturation, ppt orange Sb2s 3• 
Centrifuge hot (sns 2 may ppt in cold), decant. Dilute to 1.5 ! 
(~ 25 cc), pass in H2s~ ppt SnS2 (yellow). Repeat step 3 once 
or twice. 

Dissolve SnS in 1 oc 12! IICl. Add Fe+++ carrier(~~O mg). Dilute 
slightly, o.da excess NaOHwith stirring~ heat well • Centrifuge. 
Add further In and Fe(S mg each) carrier to basic soln, ppting 
hydroxides. Centrifuge on top of previous ppt,decant. Repeat (4) 
if necessary. 

Acidify to"" 1! HCl. Pass in ~S, ppt SnS 2• Centrifuge, decant~ 
Dissolve ppt in minimum cone HN03, add 3-5 co fuming HN03, o. knife 
point of NH4NO • Boil several m1nutes to ppt white meta-stannic 
acid. Evo.pora.~e Lcliq~;,ots of the slurried soln on wa tchglass and 
mount for counting. To determine chemica.! yield dilute after 
ppting H2Sn0 , add filter puper pulp. filter through ashless 
paper, recycXtg~ filtrate till clea.r, dry, and ignite to Sno2• 
Weigh as Sn02 

P-18-165 
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Reoorks: 

(1) A~oid boiling concentrated Cl- solns of Sn; SnC1
4 

appreciably 
~olatile. (Also SbCl

3
, SnC1 3, etc.) 

(2) A black residue replates out on the dissol~ing Sn, sometimes 
necessitating a mechanical aeitation of the Sn surface. 

(3) InS3 ppts properly only o.t ( .05 N HCl, however, it is po.rtially 
co-precipitated at higher acidities with other sulfides of the 
Sn o.nd Cu groups. 

(4) In(OH)3 is peptized by fixed alkali hydroxides but reppts on 
boiling. It is very slightly amphoteric. 

(5) Do not use Pt crucible for ignition a.s Sn meto.l is produced which 
alloys badly with Pt. Porcelain crucible should be used. 

(6) Sno2 difficult to dissolve after igniting,has been found to go 
into HCl soln after fusion with Na2co3 (anhyd.) in Pt crucible. 

8/12/49 
P-18-156 
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CHEMICAL SSPARA TIONS 

Element separated: Tin Procedure by: Lindner 

Target Dlll terial: Sb ( N .5 gm metal) Time for sep 'n: N 1 hr. 

Type of b bdt: 184 11 a. and D
2 

Eq~ipment required: Lusteroid 
tubes, centrifuge, cones, 
tank so2, H

2
o 

Yield: So% or greater 

DegrGe of purification: At least factor of 100. 

Procedure: 

(1) To the target add 15 drops 27 N HF in lustoroid tube in hot water 
bath. Add cone HN0

3 
dropwise until dissolved (10 min.) Dilute 

to rv 20 ml. 
20 

(2) Addjmg each To, Sn, In, Cd, Ag, Pd, Ru, l!o, Y carriers as soluble 
salts. Add 2 drops cone HCl. Centrifuge. 

( 3) Divide su·pn into tvto equal parts. 

(4) Evaporate one part to near-dryness. Cool, add 20 ml 3 N HCl. 

(5) Boil the supn to expel so2, add 5 ml H2o. 

(6) Saturate hot with H2S until Sb2s3 pptn complete. 

(7) Evaporate the supn to near dryness. Take up in 15 ml 1 N NaOH. 

) +++ ++ c: (8 Add 2 mg In and 2 mg Cd to the supn containing Sn03 • 

(9) 

(10) 

Neutralize the supn dropwise with cone. n2so4 , make 0.3 N in 
HCl, saturate with H2S. 

Dissolve the SnS2 in 2 ml cone HCl, boil to expel H2S and 
dilute to 12 ml. Reject any undissolved material (Sb). 

Centri;f'uge. 

(11) Add 2 mg Sb+++ carrier to the Sn+4 solution and sattirate with HzS• 
(12) Boil to expel HzS, make 0.3! in HCl. Re-saturate with HzS· 
(13) Dissolve SnS2 in minimum HCl. 

(14) Evaporate an aliquot to dryness. Take up in 10 ml 16! HN03, boil 
to near-dryness, repeat several times. Filter. 

(15) Transfer the Sno2.xH20 ppt to a crucible. Ignite 1 hr to Sbo2 and 
weigh. 

8/18/49 

P-18-218 
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CHEMICAL SEPARATIONS 

Element se:r;.:e.rated: Tin Procedure by: Newton 

Target material: Thorium metal (.1-1 gm) Time for sep'n: 1 1/2 hrs. 

Type of bbdt: 60 11 a.'s Equipment required: Standard, 
tank H2s 

Yield: N 55% 

Degree of purification: 10
5 

to 10
6 

(NH
4

)
2
SiJl. 

Procedure: The Th metal is dissolved in cone HCl + a few drops .2 _g soiutioEh / 
to clear up black residue. The :S:Cl is diluted to 2 U and an aliquot 
taken. 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

Remarks: 

+4 
To samJ:Jle add 20 ug Sn carrier in 2 N RCl. Dilute solution 
to 10 ml and 1 N in HCl. Heat and pass in HzS· Ppt SnS2 • 

Dissolve SnS in 1 ml cone HCl. Boil out n
2
s. },dd 10 mg Sb 

carrier. Ifu~e solution 2-2.5! HCl, heat and pass in H2s. Keep 
hot (i~ cooled SnS

2 
ppts). Centrifuge off Sb2s

3
• 

Add 1 ml N NH
4

0H to supernate from 2. 
ppt SnS

2 
.-

Heat and pass in H2s, 

Dissolve Sns2 in cone HCl, dilute, boil out HzS· Add 5 mg each 
Ru, Zr, Cb, Cd and Fe. Add 6 N NaOH until qulte basic, ppt hydr• 
oxides. Add more Fe and centrifuge down on top of first hydroxide 
ppt. 

Make supernate acid, pass in H2S. Ppt SnS 2 • 

Repeat Sb scavenging in (2) and (3). 

Dissolve SnS
2 

in cone Inro
3

• Add three drops (1\12 mg) Ru carrier, 
1 gm NH

4
No3 {solid) boil until Sno2 ppts. 

Filter with aid of filter paper pulp and ignite to Sn02 in a 
porcelain crucible. Weigh and mount as Sn02 • 

This method has been described previously (Phys. Rev. 71_1 17 (1949)). 

To standardize Sn carrier: To 5 ml (50 mg) Sncl
4 

solution add excess 
NH

4
0H. Centrifu;-:e and wash ppt once with H2o. Re-centrifuge. Dissolve 

pp-e in Hti/0
3

, boil to ppt H
2
sno

3
• Filter ana ignite to Sno

2
• 

8/23/49 
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CHEMIC: ... L SEP .. \.RLi. TIONS 

Element separated: ~~~~El Procedure by: Goeckerma.nn 

Ta.rget mo. teria1: c./'1 1 g Bi metnl Time for sep'n: 1)"\ 1-3 hrs. 

Typo of bbdt: 18·111 o.ll po.rticlos Equipment roquirGd: Centrifuge, 
tubes, HCl to.nk, clcctr:a>lysis 
setup, H

2
S te>.nk, so2 te>.nk 

Yield: Va.rio.blo, low for procedures 1 & 2. 

Degree of purific~tion: Unsa.tisfo.ctory for bismuth bbdt. 

:>.dvo.nta.&;es: Procedures 2 & 3 will probnbly work for other bbdts. No. 2 
is fast o.nd r.il.y be good with 1-2 :ng currier. 

Procedure: To.rget dissolved in 6_! IIN0
3 

•. 

No so.tisfo.ctory procedure wo.s found but tho following three wore triad. 

(1) 

(2) 

(3) 

Procipita.tions of Sb
2
o

5 
with fuming HN0

0
, dis'tillntions of SbCl:i · 

fron .H2 so.~ in o.n HCl stroma, prccipito.t1ons of Sb2s
3 

from hot 3E_ IICl; 
scpa.ro.tions of .Asc1

3 
by distillo.tion, o.nd As

2
s

3 
precipitation. 

Precipitations of Sb2o5, electrolysis of SbH3 fron 6! azso4 with 
o. Pb en thode, rene tion of Sbii

0 
with .. 1gN0

3 
·solutd.on to pro~npi tn to 

SbLg
3

, roo.ction of l1.g
3

Sb with HCl to prccip"ito.te .. 'i.g nnd AgCl to 
give SbC1

3
, scavenging with As

2
s

3
, prccipi tc.tions of Sb2s

3 
from 

hot 3N HCI. 

Ro~rks: Procedure 1 is difficult o.nd purity wc.s unso.tisfo.ctory. No. 2 
gnve poor yields with 10 mg carrier - Sb

0 
deposited o~5the Pb cnthode. 

No. 3 is slow, should cleo.n up the Sb but did~3t. Sb oxtrncts well 
into isopropyl other from 6-9N HCl but not Sb • 

7/29/49 
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CHE!HCLL SEPARATIONS 

Element soparntod: Antimony Procedure by: Newton &: 
McDonell 

Parent material: Tin Time for sop'n: 2 hrs. 

Milking procedure (Sb from low energy Equipment required: centri­
fuge, hot plato, glassware p3d, or n produced Sn activity fractions) 

Yield: 60-80% 

Degree of purification: At lonst factor of 104 from Sn. 

Procedure: 

(1) 

(2) 

(3) 

(4) 

Ronnrks: 

Ton 3-4 N HCl soln of the Sn, add 10 mg Sb+++ co.rrier(l). Add 
iron powder to excess (hydrogen evolution), heat with stirring, 
ppt Sb metal (black). Filter by vucuum through sintorcd glass 
filtering crucible. 

Dissolve Sb in aqua. regia, dilute to 1! o.cid, puss in n2s und . 
ppt Sb2s

3 
+ s. Dissolve tho sulfide out of the sulfur vnth cone. 

HCl (warming and stirring). Dilute to 3 N HCl heating to expel 
H2S if Sb2s

3 
rcppts on dilution. Centrifuge, decant. 

Add 10 mg Sn+4 currier to filtrc.tc. Heat in boiling wo.ter bo.th, 
puss in H2S to saturation, ppt orange Sb2S

3
• Centrifuge hot,decant. 

Di~solvo sb2s3 in cone. HCl. Dilute to 3 ~ Hcl. Ropeut step (3) 
tt>nce more • 

Sb2S
3 

mounted o.ftcr thorough washing with distilled wo.ter on small 
wutcnglass or o~25ilter paper by suction filtration, followed by 
gentle hoa ting. 

(1) Indium may be scavenged out of this milking by adding 10 mg In 
carrier to initial Sn solution (step l), repenting the Fe reduction 
if the amount of In activity present warrants it. 

(2) Tho Sb sulfide should not be relied upon for accurate yield deter­
mination. 

8/12/49 
P-18-169 
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51-3 

CHEMICLL SEPARATIONS 

Element. separated: Antimony Procedure by: Lindner 

Target material: Antimony("' .5 gmm.etal) Time for sep'n: 1-2 hours 

Type of bbdt: 184". a and D2 Equipment required: 
Lusteroid tubes, centrifuge, 
cones, taruc so2, H2s 

Yield: rv 75% 

Degree of purification: At least factor of 100 

Procedure: 

(1) To the target add 15 drops 27 N FY in lustcroid tube in hot water 
bath. Add cone :mm

3 
dropwise until dissolved (10 min). Dilute 

to r\Jo 2 0 ml. 
20 

(2) Add/mg each Te, Sn, In, Cd, Ag, Pd, Ru, 1b, Y carriers as soluble 
sa 1 ts • /;.dd 2 drops cone HCl. Cen tri fug e • 

(3) Divide aupn: _ . into two equal parts. 

(4) Evaporate ono part to near-dryness. Cool, add 20 ml 3 N HCl. 
Saturate with so2 gas 10 minutes. Te ppts. 

(5) Boil the supn to expel so2, add 5 ml H
2
o. 

(6} Saturate hot with H2S until Sb2S 
3 

pptn complete. 

(7) Wash ppt with 2! HCl sat'd with H2S. Dissolve in 5 ml cone HCl. 
Evap to dryness with air stream in hot water bath, add 30 ml 2 N 
HCl, 2 mg each of Sn, In & Cd carriers. 

(8) Saturate hot with H2S and repeat c:ycle. 

(9) Dissolve the Sb
2
s

3 
ppt in 2 ml cone. HCl. 

(10) Weigh aliquot of sample as Sb2s
3

• 

8/18/49 
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CHm~ICAL SEPARATIONS 

Element separated: lmtimony 

Target material: Th 

Type of bbdt: a fission, 60 11 

Yield: 0 - 25% 

51-4 

Procedure by: Newton 

Time for sep 1n: Several hrs. 
1-2 hrs. attention 

Equipment required: electro­
lysis cell 

Degree of purification: 106 as claimed by Wilkinson 

Procedure: The Th metal is dissolved in cone. HCl + a. few drops of .2 M 
solution of (NH

4
)2SiF

6 
to clear up the black residue. The HCl is 

diluted to 2 ! :::..na an aliquot taken. 

(1) Add 10 mg Sb carrier. 

(2) M::tke 2 N in HCl, pass in H2S, ppt Sb 2S 3• 

(3) w·o.sh Sb2S 
3

• 

(4) Dissolve in conca E2so4 +few drops HN03,rume. 

(5) Dilute, make N 4 !!_ ~so4 • Electrolyze to lend cathode from Pt anode. 
Collect SbH3 in AgN03• Ppt SbAg3• 

(6) Centrifuge and wash Ag3Sb. 

(7) Treat ppt with l N HCl to dissolve Sb, residue Ag + A~Cl. Centrifuge. 

(8) 

Remarks: 

From Sb sol. in 1 !HCl·ppt Sb2s3• Wash three times with 5 ml H2o, 
three times with 5 ml EtOH, dry nt 110° and weigh. 

(1) The less Sb carrier used the better. Add no holdback carriers as 
these interfere with the operation of the lead cathode. 

(2) Electrolysis is very sensitive to condition of lead cathode. SbH3 t' 

evolution can be followed by amount of SbAg3 ppt in AgN03 solution. 

(3) If SbH3 evolution ceases, more can be brought over if leads are 
reversed for a while to decontaminate the lead and then re-reversed 
to make Pb the cathode again. Eventually this procedure fails. 

In step (1) rnnke sure the Sb carrier and tracer exchange. One way to 
insure exchange is to oxidize the Sb with Br2 to the +5 state and then 
reduce it to the +3 state witl1 hydrazine before precipitating the 
sulfide. 

This procedm:-e has been described previously (Phys. Rev. ?5, 17 (1949)). 

8/11/49 
P-18-174 
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CHEMICAL SEPA&\ TIONS 

E~emcnt separated: To (-.1'1100 c/m) 

Tar got mn to rin.l: I ( 1.1'\ 108 c/m) . 

Type of bbdt: Uilking experiment 

52-l 

Procedure by: Marquez 

Time for sop 1n: 3~4 hrs. 

Equipment required: 
Centrifuge tubes. 

Dcgrc0 of purification: 4 cxtns give a so.mplo vvi th V\ 300 c/m To & o.pprox. 
100 c/m I. 

Procedure: 

(1) Add to tho I- so1'n, 10 mg Tc carrier as ~o.2 Te04 , acidifY vlith 
~so4 until brown color of I n.nd add N02 to oxidize to I2• 

(2) Extract the I2 with equal volume cc1
4

• 

(3) Add several times more I- o.nd extract the I
2 

with Ccl
4

• 

(4) Ppt To by bubbling in S02 gus. 

(5) Rcpcn.t tho cycle by dissolving Te in cone. HN03, adding I-, etc. 

(6) Centrifuge tho To ppt o.nd filter. 

(7) Plate o.nd count as To. 

Rc:rrnrks: 

Tho To ppts seem to carry each time a little bit of I activity. It 
requires several cycles to get it pure. 

7/27/49 
P-18-74 
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CBEMIC:~L SEP:~RJ~TIOUS 

ElciOOnt separated: Tellurium Procedure by: Goockormo.nn 

Target r.m.tcrial: V'\ 1 g Bi metal 

Typo of ~bdt: 184 11 all particles 

Time for sop 1 n :Vll hr. 

Equip~cnt required: Centrifuge, 
tubes, icc, so2 tank, 110° 
oven 

Yield: V\ 60% 

Degree of purification: Decontamination factor~104 from fission and spal­
lation products. 

Advantages: Fair yield of pure To, fairly rapidly. 

Procedure: 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

To aliquot of HN0
3 

sol'n of target add 10 mg To and Se 
concentrated HBr, boil nearly to dryness a few tines. 
residue in 10 ml concentrated HCl, add So, prccipitnto 
so2 in an icc bath. 

and 
Tc.ko up 
Se0 with 

Dilute to 3U HCl, heat, and precipitate Tc0 with so
2

, centrifuge 
with ac roso T. Yfnch with HCL 

Dissolve Te0 in a fow drops HN0
3

, evaporate excess acid, dilute 
to 10 m.l, add 6N NaOH dropwisc until II2Teo3 precipitate forms 
and then redissolves, 10 drops excess. Scavenge with 1-2 mg Fc(OH)7. • 

.;) 

1,'hkc supernn tant 3U in HCl and precipitate To 0 • 

Repent Se0
, Tc 0

, and Fe (OH )
3 

prccipi to. tions several times. 

Filter last To0 procipitnto, wash throe times 
times with 5 ml c

2
H50H

0 
throe times with 5 ml 

at ll0°C. Weigh as To • 

with 5 I!ll H20, throe 
ether, dry IO min. 

Remarks: The ovo.p. with HBr volatilizes ScBr~. Rh carries~ 25% on T0° 
but tho Fe (OII)

3 
pptn removes it. If NH

3 
"is used in place of tho Na.OH, 

considerable loss of To in the Fe(OH)
3 

scavenge muy result. 

7/29/49 
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CHEMICAL SEPi\RA TIONS 

Eleme?t separated: Tellurium 

Target material: Sb (N .5 gm metal) 

Type of bbdt: 

Yield: 90% 

184" D & a 
2 

Degree of purification: At least factor of 100 

Procedure: 

52-3 

Procedure by: Lindner 

Time for sep'n: rv 1 hour 

Equipment required: 
Lusteroid tube, centrifuge, 
cones,tank so2 

(1) To the target add 15 drops 27 N HF in lusteroid tube in hot water 
bath. ildd cone. HN0

3 
dropwise-until dissolved (10 min). Dilute 

to f"!¥1 20 ml. 
20 

(2) Addjmg each Te, Sn, In, Cd, Ag, Pd, Ru, Ho, Y carriers as soluble 
salts. Add 2 drops cone HCl. Centrifuge • 

. (3) Divide supn \ into two equal parts. 

(4) Evaporate one part to near-dryness. Cool, add 20 ml 3 N HCl. Sat­
urate with so

2 
gas 10 minutes. Te ppts. 

(5) Wash the ppt with water nnd dissolve in one drop cone. HN03• 

(6) Add 15 ml 3 N HCl, 1 mg each, Sb, Sn, In, Cd holdback. Saturate 
with so2 gas7 

(7) Repeat steps 5 & 6. 

(8) Wash the ppt and weigh as Te. 

8/18/49 
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CHEiviTCAL SEPARATIONS 

Element separated: Tellurium Procedure by~ Newton 

Target material: Thorium metal (.1-1 gm) Time for sep'n: rv 1 h9ur 

Type of bbdt: 60 11 a's Equipment required: tank so2 

Yield: V\ 80'/o 

Degree of purification: \A 106 

Procedure: The Th metal is dissolved in cone HCl + a few drops of .2 N 
solution (NII~1_) 2SiF6 to clear up black residue. The HCl is diluted to 
6 ! and an aiiquot taken. 

(1) To sample add 10 mg Te and dilute to 3 N HCl. 
with so2 ~ 

0 Ilea t and ppt Te 

(2). Dissolve Te in 6 _!!Hl~03 • Add 10 ml cone HCl. Evap to rid of 
EN0

3
• Repeat evapcrat~on. Dilute to 3 ! HCl and ppt Te again 

wi til. so
2

• 

(3) 

(4) 

Dissolve Te.in 6 !.Hl~03 • Evapora~e and dilute to 10 ml. Add 6 N 
NH

4
0H dropw~se unt~l H2Te03 ppt d~ssolves. Then add 10 drops 

excess. Scavenge twice with 5 mg Fe+++. llhke 3 N in HCl and 
pptTewithSo

2
• RepeatTepptn(step2) •. :. -

Filter final Te ppt. Wash three times with 5 ml ~0, three
0 
times 

with 5 ml EtOH and three times with 5 ml Et
2
o. ury at llO and 

weigh as Te. 

Remarks: This method has been described previously (Fhys. Rev. '!.2_, 17 (1949). 

0 
10 mg Te = 10 mg Te 

I- cannot be milked from Te by ppting the Te by this procedure. 

Preparation of carrier solution: Add · .. cone. HN03 to 10-11 gms Te 
metal in a 250 ml erlenmeyer and heat until Te ceases to dissolve. 
Evaporate to a volume of 2-3 ml (residue left) and add 10 ml cone 
HCl. Evaporate to a volume of 2-3 ml. Add 10 ml more HCl f?.nd re­
evaporate to expel 1rn0

3
• Take up solution in 1 liter of 3 IK HCl. 

Filter if not clear. 

Standardization: Take 5 ml carrier in 125 ml erlenmeyer~ Add 40 m1 
5 lL HCl. Heat nearly to boiling. Saturate with so2 until Te is vtell 
coagulated. Boil gently for 1 minute. Filter onto a sintered glass 
crucible., wash three times with hot H

2
o, three ti:rres with 95/~ EtOH, 

three times with Et2o. Dry at 110° for 10 minutes. rleigh. 

8/19/49 
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CHEMICAL SEPARLI.TIONS 

( -6 Element separated: I ~~10 barns cross 
section) 

Target mutcrial: Sn('-" 1 gm) 

Type of bbdt: 184 11 a. & p 

Yield: 70-80% 

53-1 

Procedure by: Marquez 

Time for sep 1n: 50 min. 

Equipment required: 
100 cc distillation flask 
separatory funnels 
centrifuge tubes 

Degree of purification: Less than 1% impurity in final I sample. 

Advantngcs: Fast. ~bkos possible scp'n of a very small amount of pure I 
from largo amounts of other activities. 

Procedure: 

(1) Add 10 mg I- carrier and target foil to distillation flask. 

(2) Add """ 15 ml cone. H2so4; (H2so4 should be cold) to dissolve the Sn• 
Dissolve Sn 

(3)/.aad dietill s~multo.neously, collecting I2 in 0.5-1! NaOH soln. 

(4) 

(5) 

Acidify with H2so4- until iodine turns brm-m and oxidize with mro2 , 
(No.N0

2 
in acid soi'n). Extract with equal volume CC1

4
• 

Wash I- into No.OH sol'n. 

(6) Repeat NaOH-CCli cycles o.s many times o.s wished. (Three cycles 
gave purity lisvod above.) 

(7) Acidify last No.OH sol'n with H2so
4 

and reduce with so2 e;as. Blow 
air through soln to expel most of so

2
• Add xs Ae;+ ana a few 

drops of cone. HN0
3

• 

(8) Heat in water bo.th and filter. 

(9) Plate and count as Agi. 

Ronnrks: 

Most of tho loss in this procedure comes in the distillation process. 

Icc cold H2so4 used in (2) to allow assembly ot distillation apparatus 
before solUtion of target starts. 

SO sol 1ns can be used to collect tho 12 from tho distillation. Tho 
sof 1n is then oxidized with HN02 and tho r2 extracted wont equal 
volume of CC14 • Tho 12 wushoa out of tho or~anic layer into so2 sol'n 
and tho cycle repeated. r~is so procedure is troublesome in tho ' 
experiment above because the sol~n develops a gas pressure during tho 
extractions. 

7/27/49 
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53-2 

CHEMICAL SEPARATIONS 

Element separated: Iodine Procedure by: Marquez 

Target material: Sb p 500 mg) 

Type of bbdt: 60 11 a particles 

Time for sep 1n: A.J 40 min. 

Equipment required: 
100 distillation flasks 
sep funnels & cent tubes 

Yield: 80% or higher 

Degree of purification: At least a factor of 104 from other activities 
present. 

Advantages: Fast and good separation. 

Procedure: 

(1) Add target, 10 mg I- carrier, 10-15 ml of saturated tartaric 
acid and 10-15 ml of ice cold HN0

3 
to distillation apparatus. 

Distil and collect r2 in 0.5-1 N NaOH. (2) 

(3) Acidify with H
2
so4 until iodine turns brown and oxidize with IDT02 , 

• (NaN02 in acid soi'n). Extract with equal volume Cc14 • 

(4) Wash I- into NaOH sol 'n. 

{5) Repeat NaOH-CCl4 cycles as many times as wished. (Three cycles 
gave purity listed above.) 

(6) Acidify last NaOH sol 'n with ~so4 and 
air through soln to expel most of so2 . 
drops of cone. HN0

3
• 

(7) Heat in water bath and filter. 

(8) Plate and count as Agi. 

Remo.rks: 

reduce with so2 gas. 
Add xs Ag+ and a few 

Blow 

Most of the loss in this procedure comes in the distillation process. 

leo cold HN0
3 

used in (1) to allow assembly of distillation apparatus 
be foro solut1on of to.rget starts. 

Sol'n of Sb in aqua regia interferes with 12 ext'n. 

An I- sample could be obtained in 15-20 min. by ppting the Agl directly 
from the distillo.te of (2). The radioactive purity of the sample, 
however, will not be o.s high as above. 

SO sol'n can be used to collect the I from the distillation. The 
sot•n is then oxidized with HN02 and tfie r2 extracted with equo.l volume 
of cc1

4
• The r

2 
washed out of the organic layer into so

2 
so1 1n and the 

cycle r.opeated-. (3oo -5::3-l ). • · 
8/4/49 P-18-135 
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53-3 

CHEMICl.L SEPJ:..R:~TIONS 

Element scp~rntod: Iodine Procedure by: GocckormL'lnn 

To.rgct mutcrio.l: V'el g Bi motnl Time for sop 1n: l/)2 hrs. 

Type of bbdt: 181i' a.ll po.rtiolcs Equipment required: Distillo.­
tion flnsk, centrifuge, 

0 tubes, icc, 110 oven. 

Yield: npprox. ·10% 

4 
Degree of purifico. tion: Docontruninc..tion factor >10 from fission r.nd 

spallation products. 

Advnnta.gos: Fo.ir yield of pure I with little if nny non-exchange trouble. 

Procedure: 

(1) 

(2) 

(3) 

Place target in glass still, add 10 mg I- and 10 ml 6N ITNO , warm to 
dissolve. vVhcn entirely dissolved, distill over tho I 2 anM a 
few ml HN0

3 
into f~O in an icc bath. 

Roduco I 2 with o. minimum of NaHS03 in the cold, adjust, to 0.5! 
BN0

3
, ndd a. few drops O·l!NaNo2 , a.nd extract r2 into nn equal 

volume of 0014 • Extrnct aqueous with second portion CC14 • Wnsh 
CC1

4 
with dilute HN0

3
• 

ShC~kc CCl with 10 rn.l rr
2
o, ndding No.HS0

3 
until both phases colorless. 

Vvnsh o.que3us with 0014 • 

Repent oxtrnction cycle severn! tirn.es. 

Ihl::c last aqueous I- solution 0.5!_ in HN0
3

, hcnt to boiling, o.dd 
2 ml O.lN . .'i.r;N0

3
, digest, filter, wc.sh throe times with rr

2
o, throe 

tir;K) s with 5 ml c
2
H

5
0H, throe times with 5 nl ether, dry 10 r.Un. 

o.t 110° c. Heigh as .Asi (18.50 mg per 10 mg I), 

Romnrks: Active iodine formed as pcriodo.to m.."ty not oxchcngc with tho currier 
by this method, a.l thourr:h tho I yidds \Yore not a.bnormo.lly low. Reducing 
condition proba.bly prcvo.il during dissolution of the tc-.rgct. 

7/29/49 
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O$MIOAL S~f>ARI\TIONS 

Element separated: Iodine Procedure by: Newton 

Target ma~erial: Thorium metal (.1-1 gm) Time for sep'n: 1 hr. 

Type of bbdt: 60" a.'s Equipment required: Standard 

Yield: 90% 

Degree of purification: 10
6 

Procedure: The Th metal is dissolved in cone HCl +a few drops .2 M so1'n 
(NH

4
)
2
SiF0 to clear up black residue. The HCl is diluted to 2~ and 

an al1quot taken. 

(1) Add sample to 10 ml 2 M Na CO ((f) Add 20 mg I- in 60 ml sep 
funnels. Add 2 ml 2.5% ~aoh (3~eatUJ Acidify with 3 ml 
cone HN0

3
, add 3 ml 1 M NH

2
0H.HC1 Extract with 10 .ml CC1

4
• 

(2) Shake with 10 ml. H
2 

0 containing a fevr drops NaHS0
3 

until both 
phases colorless. 

(3) To water add 1 ml 6 N HN0
3 

and a few drops of 1 ! Nali0
2

• Extract 
into CC14• 

(4) 

(5) 

Remarks: 

(1) 

(2) 

(3) 

Repeat (2). 

Add 1 ml G!HNO. Heat to boiling. Add 2 m1 0.1 !,!AgN0
3

• Stir 
and digest. Fil~er on tared fil tor paper. rJash three times 
with 5 ml HzO, three times· with 5 ml EtOH and three times with 
5 ml Et2o. Dry at 110° C for 10 min. Weigh as Agi. 

10 mg I = 18.42 mg Agi 

If Bi and La present add 1 ml of 10% tartaric acid and 19 M NaOH. 

Oxidize I- to 10
4
-. Solution must be heated. preferably boiled 

5 minutes for complete exchange to occur. 

Reduce 10
4

- to r
2

• 

This method has been described previously (Phys. Rev. ~ 17 (1949)). 

-~e;earation ..££...carrier solution: Dissolve 13 gms KI in water 
containing a trace of NaHCo

3
• Dilute to one liter. 

Standardization: Take 5 ml carrier solution in beaker. Add 50 ml 
H2o and 1 ml 6! HN03• Heat nearly to boiling and add 5 ml 0.1 !HgN03 vnth stirring. Digest 1 minute. Filter into a sintered glass crucible, 
wash three times with H

2
o, three times with 95% EtOH. Dry at 110° C and 

weigh as Ae;I 

8/23/49 
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CHEI~J:CAL SBPARATIOUS 

Element separated: Cesium Procedure by: Goeckermann 

Target material: vtl g Bi metal Time for sep 'n: Several hrs. 

Type of bbdt: 184 11 all particles Equipment required: Centrifuge, 
tubes, small Pt dish, ice, 

0 llO oven 

Yield: Cs . ..n40% 

Degree of purification: Cs had impurity which was probably Rb. 

Advantages: Supposed to give Cs pure of all elements & separate it from Rb. 

Procedure: 

P-18-65 

(1) 

(2) 

(3) 

To aliquot of HNO soln of target, add 20 mg Rb & Cs & 5 ml cone. 
HClO • Evap. to Yuming, cool, transfer to cent tube with 15 ml 
absoiute EtOH. Cool in ice bath 10 min. with stirring. Wash ppt 
twice with 10 ml absolute EtOH. 

Dis so 1 ve in dilute HCl & sen v with Te, Ru, Sn, Sb, & Ag sulfides 
(2 mg each) by adding H2s. 

Scav with NH3 pptn of La, Ce, Y, Zr, & Cb (2 me each). 

(4) Scav with Sr &; Bu carbonates (4 rr.r) 

(5) Acidify vlith HCl, repeat (2). 

(6) Repeat (3). 

(7) Scav with La.(OII)3 • 

(8) Scav with Sr & Ba carbonates & Y, Zr, & Cb hydroxides. 

(9) Acidify with HCl, evap to dryness in a Pt dish, destroy NH4Cl by 
adding a few drops HN03 and baking carefully (do not overheat or 
Cs may be lost). 

(10) Dissolve in a minimum of H20, transfer to a cone 2; cent out any 
residue, evap to dryness in the cone. Add 6 ml H2PtC1 6 & 6 ml 
EtOH, wash Rb & Cs chloroplatina.tes with EtOH. 

(11) Dissolve in RCl & repeat Te sulfide scavenging. 

(12) Repeat 1m3 pptn of La & Fe hydroxides. 

(13) Repeat Sr & Ba carbonate scav. · 

(11) Acidify with HN03, add HCl, evap to dryness, bake off ammonium 
salts carefully again. 

(15) Cs - Take up residue in 20 ml 6 N HCl, add 1 ml silicotungstic acid 
soln & digest. (Save this supn.-for Rb fraction). 
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Page 2 (55-1) 

Wash twice with 5 ml 6 N HCl (discard). Dissolve Cs silica­
tungstate in di 1 NaOH, add 20 ml 6 1-J HCl & discard yellow ppt. 
Add 1 ml silicotungstic acid soln, digest, filter, wash with 
6 N HCl, three times with 5 ml acetone, dry 10 min at 110° ·c. 
WeTgh as Cs 8SiW12o42 (37.3 mg per 10 mg Cs) -- standardize the 
Cs carrier solut1on by the same procedure. 

Remarks: Noyes & Bray recommend ppting the Rb a.wo.y from the Cs vvi th sodium 
6-chloro-5-nitrotoluenemetasulfona.te, which we now have on hand, & then 
ppting the Cs silicotungstate. This may give better Cs-Rb separation. 
It may be better to weigh the Cs as cs

2
PtCl 6 after purification is 

complete. It has been alleged that 2Bli
3

•3Csi pptn is specific for Cs. 
I tried the pptn of Rb away from Cs i7ith cold sat. sodium bitartrate 
but the results were very poor. More Cs s il icotungs·bate pptns with 
Rb holdback present would probably gi vo clean Cs. 

The fuming of HCl04 can be done easily in 40 ml pointed centrifuge cones. 

For Rb sep'n from same target see (37-1). 

7/12/49 
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CHEiviTCAL SEPARATIONS 

Element separated: Cesium 

Target material: NH
4

I 

Typo of bbdt: 60 Mev a.-particles for 
one to four hours. 

Yield: ...,...40% 

55-2 

Procedure by: R. Yv. Fink, 
D. G. Karraker 

Time for scp'n: 45 minutes 

Equipment required: 
porcelain dishes 
pipettes 
centrifuge 

De~roc of purification: Excellent, factor of ~ 10
6 

from activity present 
except alkali motals. 

Advuntar;cs : 
in stcJp 

Procodur..;: 

Good radiopurity nlthourh yiold is low duo to csCl volatility 
(2). 

(1) NH
4

I target dissolved in small :volume ( V\ 3 co) (1:1) HCl, n few 
drops cone. HNO added, and 20 mg of Cs carrier added. Soln is 
boiled in porceYo.in dish to expoll volatile radioxenons, etc. 

(2) Hesidue, after evo.p. to dryness, is ignited to disappearance of 
12 and anunonium salts, but not hot enough to volatilize excessive 
Cs. 

(3) . The residue is then taken up in (1:1) HNO , o. drop of (1:1) HCl 
o.ddod o.nd pptd thrice with a. few drops o.f-N Ag;N0

3 
to scnvange for 

any remaining halogen (iodine) impurities. 

(4) To the remaining soln is added a. few drops To carrier and then 
excess Sn.Cl

2
• This ppts Te and any ro.diotollurium. (In omitting 

the tclluriu.m step, no change wns noted, indico.tin~ Te was not 
formed.) 

(5) The remaining soln is made c.llrolinc with cone. NHL
1

0H and Fcc1
3 soln added dro~Jise to ppt F.: (OII).,. twice. 

v 

(6) The final soln contains radiocesium in pure form. 

Remarks: 

(n) Any o.lknli mctnl, e.g;., No., IC, Rb, will not be SOp:l.ro.tcd, but 
will n ?pear with the final cos ium so ln. 

(b) Step (2) rcsul ts in c loss of over 50~:; of the Cs bJr volutilizo. tion, 
if the temp. is too hip.:h. The minimum temp. consistent with decom­
posing and expelling ammonium salts should be used.. If H

2
so

4 
is 

used in place of HCl, the volatility will be reduced cons1dorably. 

7/12/49 
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CHEMICAL SEPAHATIONS 

Element separated: Cesium Procedure by: R. ,-;. Fink 

Target ma. terial: NH
4 

I Time for sop 1 n: 30 minute s 

Type of bbdt: 60 Mev a.-pc.rticlos for 
one to four hours 

Equipment required: Iodine 
Sub limo. tor 

Yield: ..,.. 95% 

Degree of purification: Fo.ctor of at loo.st 5 or lO.Good cnou~h for ma.ss 
spectroe;raph vvork. 

j 

Advantages: Full yield of co.rricr-froc ro.diocosium for mo.ss spectrograph uork. 

Procedure: Special method for carrier-free, high activity samples for the 
mass spcctrogra9h. 

(1) 

(2) 

Remnrks: 

NH4 I to.rgot is p~accd :i.n L\ sublima.tor together with a few drops 
O. 3 - N H

2
so

1 
and cone. mro

3
• CO snow· is ;:nclred into the cold­

finger, nn::i a low vncuum is pullca. Hoat is then applied to the 
NH4I, which decomposes and condenses on the cold-finecr. 

The liquid is boiled until colorless, indicating complete volatili­
zation of r

2 
and decomposition of }ill4 I. The remaining liquid is 

almost pure in cesium, but if desired it can be put through further 
purification, starting with step (3) of (55-2). 

Fig. 1 - Iodine Sublimator 

a. = crushed co
2 

snow 

b = low vacuum 

<--- c 

(a) Any a lko.l i metal, c. g., Na ., K, Rb will a ppeo.r with the Cs. 

(b) For mass spectrograph work, tho sol'n is used as it comes from tho 
sublimntor directly. 

7/12/49 
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CHEMICAL SEPARATIONS 

Element separated: Cesium Procedure by: Folger & Hicks 

Target mo.teria.l: II\ 4g U metal foil Time for sep 'n: Several hrs. 

Type of bbdt: 184" o.ll high energy po.rticles Equipment required: Centrifuge, 
tubes, ice, 110° oven 

Yield: Cs \""60% 

Degree of purification: Smo.ll nmt of some impurity detected by meo.ns of Al 
nbs. Decay curve shows pure Cs for~ 3 ho.lf-liv~s. 

Advnnto.r,es: Supposed to give Cs pur0 of o.ll clements & sepo.ro.tc it from 
Rb. 

Procedure: 

P-18 ... 96 

(1) 

(2) 

(3) 

(4) 

To o.l iquot of TINO soln of target, o.dd 20 mg Rb & Cs &: 5 ml cone. 
HClO • Dvnp. to ~umit:tg, cool, transfer to cent tube with 15 ml 
o.bsoiute EtOH. Cool in icc bo.th 10 min. with stirring. Wush 
ppt twice with 10 ml absolute EtOH. 

Dissolve in 0. 2 N HCl & sco.v with A~Cl, then To, Ru, Sn, Sb, f.= 
Ag sulfides (2 mg eo.ch) by adding H2S. 

Sco.v with NaOH pptn of Lo., Ce, Y, Fe, Zr, & Cb (2 mg co.ch). 

Sco.v Yd th Sr & Eo. cur bono. tes ( 4 mg) 

· (5) Acidify v1ith HCl, repeat (2), (3) and (4). 

(6) 

(7) 

(8) 

(9) 

(10) 

(11) 

Repent (3) and (4). 

Add HC10 o.nd evup to fuming. Tro.nsfer to cent. cone with 15 m1 
o.bs. Eto~. Cool in ice bo.th 10 min. with stirring. Wash ppt. 
with 10 ml nbs. EtOH. 

Repeat (2), (3) ~md (4). 

Rcpco. t (7). 

Cs - Tc.l:c up residue in 10 ml G N HCl, c.dd 1 ml silicotun,3stic 
o.cid soln & digest hot. (Save this supn. for Rb fraction). Chill 
o.nd c en trif uge. 

Wo.sh twice with 5 ml 6 N HCl (disca.rd). Dissolve Cs silicotung­
sto.tc in dil. l~o.OH, o.dd-10 ml 6 _! HCl &: disco.rd ycllovv' ppt. ('1703 ). 

(12) Repeat (10) with Rb holdbc.ck. Wo.sh & dissolve o.s in (11). 



(13) 

Rcmnrks: 

0 f"' u 0 0 7 U J J I 0 
55-4 (pnge 2) 

Add 1 ml silicotungstic ncid soln, digest, filter, wnsh with 6 N 
HCl, three times vrith 5 ml ncctono, dry 10 min c.t 110° c. Hei~"h 
us C~ASFr12 o42 (37 .3 mg per 10 mg Cs) -- sto.ndnrdizc the Cs 
co.rr1er solut1on by the so.m_c procedure. 

(1) Sec (55-1) 

(2) The a. bow procedure is for usc when Rb is des ired from the srunc 
nliquot. If rubidium is not desired, rcplo.cc step (7) ~y stop 
(10) including· Rb holdbo.ck. Step (8) should be included, but 
step (9) mny be omitted. . .. 

Steps (10) through (13) should then follow 
in regular scqu ~nee, with Rb holdbnok being used in (10). 

(3) If it is desired to count n weighed s~mplc, Cs should be weighed 
o.s Cs

2
.PtC1

6 
instoo.d of Cs

8
Sin

12
o
42 

in order to reduce self'-c.bsorp­
tion count1ng corrections. In such n ca.sc ndd to the a.bovc 
procedure• 

7/28/49 
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(14) 

(15) 

(16) 

Dissolve ppt in minimum amt. l N NnOU nith wo.rming. Neutralize 
keeping volume low. Add 4 cc ~PtCl6 nnd 4 cc EtOH. Digest 
\f'l 3 min. with stirring in o.n icc bo.th, then let stand 5 min. 
in ice. 

Centrifuge c,nd v1o.sh w. 6 cc o.bs. EtOH. 

0 Filter, ·wo.sh vv. 5 co o.bs. EtOH, dry in 110 C oven for 5 min. 
Waigh o.s Cs

2
PtCl

6
• 
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CHEMICAL SEP.ARA T IONS 

Element separated: Cesium Procedure by: Novrton 

Target mntcrial: Thorium motnl (.1-1 gm) Time for sop'n: N l t1r, 

Typo of bbdt: 60 11 a.'s 

Yield: rv 80% 

Degroo of purific0tion: 
6 10 except from Rb 

Procedure: 

Tho Th motc.l is dissolved in cone HCl +a. few drops of .2M sol 1n 
(NH4 ) 2sili~· to clear up black residue. Tho HCl is diluted to 2 N 

o..nd an o..llquot ~~ken. 

(1) In 50 ml beaker+ sample add 20 mg Cs, 5 ml HC10
4 

and evaporate 
to fUming. Cool and transfer to centrifuge tube with 15 ml 
absolute EtOH. Cool in ice bath 10 min. and centrifuge. Wash · 
ppt two tilre s with 10 ml absolute EtOH. 

(2) Dissolve in 10 ml ~0. Add 5 mg Fe and ppt hot with NH40H. Repeat. 

(3) (Optional) Add drop sat. (NH4 )2co3 and 5 mg each Ba and Sr. 
Ppt Ba and Sr carbonates. Centrifuge. 

(4) Evaporate supernate to dryness in beaker, flame to decompose NH4 salts. Dissolve in a few mls hot H2o, add 4 ml HC10
4

, evap to 
fumes. Reppt as CsCl0

4
• 

(5) Centrifuge and wash ppt once with 
Slurry ppt with EtOH and filter. 

0 , .• 
at 110 c. .leir.:h as CsClo

4
• 

absolute EtOH by decantation. 
Hash with EtOH. Dry 10 min. 

Remarks: This method has been previously described (Phys. Rev.~· 17 (1949). 

Preparation of carrier solution: Dissolve 12.7 gms CsCl in l liter of 
water-:--~·--··-----·--··-··----·--

Standardization: Take 5 ml carrier. Add 3 ml 70% HCl0
4

• Evaporate 
to dense fumes of HCl0

4
• Cool in an ice bath and add 10 m1 absolute EtOH. 

Cool and stir occasionally for 15 minutes. Filter onto a sintered glass 
crucible. Use 3-5 ml portions of abs EtOH to transfer and wash. Dry 10 
minutes at 110° C • Yreigh as CsC10

4
• 

8/19_149 
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CHEMICAL SEPARATIONS 

Element separated: Barium 

Target material: U or Th or Bi 

Type of bbdt: Fission 

Yield: V\ lOO% 

Degree of purification: excellent 

Advantages: Fnst and easy 

Procedure: 

I 2 56-1 

Procedure by: Hicks-Folger­
Goecke rmann 

Time for sep'n: 30-45 min. 

Equipment required: ice bath 

(1) Take aliquot of HN03 or HCl sol'n of target and add Ba carrier. 
If necessary evaporate to less than 1 cc. With tube in ice 
bathJ add 10 cc ether -- HCl reagent (ether-HCl reagent - 400 cc 
cone. HCl + 80 cc diethyl-ether). Stir and digest 2 or 3 
minutes to bring down silky appearing Bac12 •2HzO• 

(2) Centrifuge, dissolve in 0.5 co H2o, repeat (1). 

(3) centrifuge, dissolve in 0.5 cc H
2
o, dilute to 7-8 cc, make to 

pH>lO with carbonate free ammom.a and scavenge twice with 
Fe (OH)

3
• 

(4) ppt. Baco
3 

by adding 3 drops sat Na 2co3 , and digest 5 min. in 
hot water- bath. 

(5) Dissolve :saco3 in 1 co 6! HCl, repeat (1) o.nd (2). 

(6) Centrifuge, wash with 5 cc absolute alcohol, then 3 portions 
of 5 cc ether, weigh as BaC1 2 •2H2o. 

Remarks: (2) can be modified by adding double volu..tne of ether saturated 
with HCl (;O.S to fuCl 2 ·~2JI2 0 di::;solved j_n n

2
o nnd continuing to 

introduce HCl r::as until the ppt appears and the aqueous and 
organic layers become miscible. 

6/25/49 
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CHEMICAL SEPARATIONS 

Element separated: Barium Procedure by: Goecker.mann 

Target material: \1'1 1 g Bi metal 

Type of' bbdt: 18411 all partie les 

Time for sep'n: 1-2 hrs. 

Equipment required: Centri­
fuge, tubes, ice, vncuum 
dessica tor. 

Yield: Vl80% 

Degree of purification: Decontaminati~n factor Vll04 from fission & spallation 
products. Ba decontaminated VllO from Sr. 

Advantages: Good yield of Ba & Sr, separation from all other elements except 
Ra, very good separation of 3r & Ba from each other. 

Procedure: 

(1) 

(2) 

(3) 

(4) 

(5) 

To aliquot of HN0
3 

soln of' target, add 10 mg Sr & Ba, 30 ml fuming 
HN0

3
, digest cold 1-2 min. · 

Dissolve ppt in 2 m1 n
2
o & reppt with 15 ml fuming HN0

3
• 

Dissolve ppt ~n 5-10 ml H
2
o, add 5 mg Fe+3 , & ppt Fe(OH)

3 
with 

tank NH
3 

(co
3

- freeJ) Repeat Fe(OH)
3 

scav. 

Neutralize supn with 6 !_ BN03 , add 1 ml 6 _!:!HAc & 2 ml 6 .!'! NH4Ac. 
Heat to boil~ng & add 1 ml 1.5 !i Na2 Cr04 dr~pvlise with stirring. 
Digest one mln. (Save the supn for Sr fract1on), 

Ba - ~'iash BaCr04 ppt vri th 10 ml hot H2o. Dissolve in 1 ml 6 N HCl, 
add few me; Sr, & rcppt BaCr0

4
. Redissolve, add 15 ml 0thor-Hrrl 

rea~ent (5 parts cone. HCl to 1 part di-ethyl ether), digest cold 
2 min, wash with 5 ml absolute EtOH conte.ining a few drops of HCl. 

Dissolve BaC1
2 

in 1 ml H
2
o, make just basic with NH3 & scav with ·'·; 

Fo(OE)~(5 mg). Add 15 ml ether-HCl & reppt BaC12• Repeat if 
necesJ-1ry. Filter last Bac1

2 
ppt, wash three t1mes with 5 ml eth(;r, 

dry in vacuum dessicator - 2 min. cvac. release, 5 min. evuc. 
Weigh us BaC1

2
•2H

2
0(l7.8 mg per 10 mg Ba). 

Remarks: Procedure adapted for use when Sr activity much greater than En. 
Ra fo1lows.the Ba well, can be separated from it by use of a resin column. 

For Sr scp'n from same target see 38-l. 

7/12/49 

/ 



0 0 u 0 7 0 J J 4 
56-3 

CHEMICAL S:SPAJ.t.TIONS 

Element separated: Barium Procedure by: R. 1"!. Fink 

Target material: CsC1 Time for sop 'n: 90 min .• 

Type of bbdt: 85 liov Protons for 1 hour Equipment required: Standard 

Yield: Sufficient for ross spectrograph \York. 

Degree of purification: Cesium is persistent, but may be removed in successive 
recyc1ings. Pure enough for mass spectrograph work. 

Advantages: 

Carrier free Ba for mass spectrograph~ 

Procedure: 

(1) 

(2) 

(3) 

Target CsCl is dissolved in 2 cc 0.1-N HAc, 1 cc NH4Ac sat'd 
added, and 10 mg. Pb carrier added. K

2
cro

4 
so1n. is then added 

until complete pptn. This ppt. is then wo.shed with 1% NH4Ac until 
free from Cesium. If nocessary, tho ppt may be dissolved in 
0.1 - N HCl and rcpptd. to free it from Cs. 

The cs-frce PbCr04 ppt is then dissolved in 1 cc 0.1-N HCl and excess 
H

2
s is bubbled in to ppt black PbS and reduce the Cro

4
= to CrC1

3 (green). 

Tho sol'n. from (2) containing radiobarium, is made alkaline, after 
boiling to expell H

2
s and radioargons, and some Fe (C1)

3 
added to 

help ppt. Cr(OH)
3

• 

(4) The final, colorless soln, has currier-free barium. It is converted 
to tho sulfate for mass spec. work. 

Remarks: 

The cesium, being the target material, is very persistent, and sevcr~1 
pptns. in step (1) may be needed to free the barium of it. 

7/12/49 
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CHEMICAL SEPARATIONS 

Element separated: Barium 

Target material: Au foil, about 1 g 

Typo of bbdt: Full energy protons, helium 
ions6 or deuterons 

Yield: Ba 25% 

56-4 

Procedure by: Lippmann & 
Goockerma.nn 

Time for sop'n: 1 hr. 
for barium. 

Equipment required: Ice 
bath and hot water bath. 

Degree of purificati2n: Good - about 105 from Au and spallation products 
and at least 10 from fission products. 

Advante.e;es: Sr, Ba and Ho can all be so para wd from tho same tar got 
material. 

Procedure: Dissolvc.targot in hot solution containing 10 mg each of Sr, 
Ba, and Uo, 5 ml of 12 ,g HCl and 5 ml of fuming HN03• Cool solution 
in ice bath and slowly add about SO ml fuming HN03 • Sr(N03)2 an~ Ba(N03 )2 precipitate. Centrifuge. · 

Dissolve precipitate in 5 ml H20, add 5 me Feiii6 warm in hot water 
bath, and PJ:!ripitatc Fo(OH) 3 with 6 M NH40H. C<nt rifugc. If desired 
add more Fe and centrifuge out FoTOH)3 again. Neutralize supcr-
na ton t with a f0'N drops of 6 Ivf HC H 0 , heat to boiling, and add 2 ml 
of 1.5 ~ Na2Cr04 dropwisc. Digcs~ na6ro4 prooipi tate in hot water 
bath and centrifuge. 

Wash BaCr04 precipitate with 10 ml of hot ~0 and centrifUge. Dissolve 
BaCr04inl.ml of 6 ! HCl with }?.outing, addlO mg Sr carrier, 2 ml 6 M 
NH4C2H3o2, 1 ml 6 M HC2H3o2, heat to boiling, add 2 ml-1.5 ~ Na2cro4 dropwise, digest in ho't water bath, and centrifuge. Dissolve ffiCr04 in 1 ml 6 M HCl with hoa ting, add 15 ml HCl-ethor reagent (5 volumes 
of 12 !HCT plus 1 volume of ether), cool in ice bath until BaC12 
pri1fpitates; and centrifuge, Dissolve BaC1 2 in 5 m1 H2o, add 5 mg 
Fe , warm, precipitate Fc(OH)~ with 6! NH40H, and centrifuge. 
Neutralize supernatant with 6 !!-HNo3, add 2 ml 6]!! NH c2H3o2, 1 ml 
6 M HC 2H3o2; heat to boiling, add 2 ml 1.5! Na2cro4 ~ropv1ise, digest 
innot water bath, filter, wash three times witn 5 m1 H2 o and throe 
times with 5 ml alcohol, dry ~5 minutes at 110°0. Wcign as BaCro4• 

Remarks: 

All additions of fuming or concentrated mro3 should be made cautiously: 
they tend to rcaot violently after a short 1nduction period. 

B/12/49 
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CHEMICAL SZPAP.ATIONS 

Element separated: Barium Procedure by: Folger 

Target material: rJ 3 g U metal Time for sep'n: f\J 1-1 1/2 hr. 

Type of bbdt: 18411 high energy particles Equipment required: Centrifuge 1 

cones (50 ml-2 ml), ice bath. 

Yield: 50-75% 

Degree of purification: r0 103 from other elements - sufficient for mass 
spectrograph or ion exchange column. 

Advantages: Gives good yield of Ra-Ba with only r075 ~g carrier. 

Procedure: 

or 

(1) Dissolve target in small amount cone. HN0
3 

(heat if nec2ssary). 
Add 100 ).lg Ba (as Ba(N0

3
)
2 

carrier sol'n) and 20 mg Sr+ carrier 
(as nitrate). 

(2) Add fuming HN0
3 

to make up N 25 ml and chill in· ice bath for 
10 minutes. Centrifuge out Sr(N03 )2 (Carries Ba & ~). 

(3) Dissolve in H
2
o, trans fer to 15 ml cone and buffer w.i th HAc + 

NH
4

Ac (1 ml 6 -~ HAo and 2 ml 6 _! NH4Ac or pH 5-6). Add •J 5 _ mg 
Pb and ppt PbCrO..t by add 'n of 1.5 }1 Na

2
cro

4 
to hot sol 1n. Hash 

with hot HAc & NR
4
Ac buffer (1 ml to 2 ml as above) containing 

~ drop 1.5 M Nu
2
cro4 • 

(4) 

(5) 

(6) 

(7) 

= to Cr+3 Dissolve ppt in hot 2 N HCl, pass in H..,S to reduce Cr2o
7 

and dil to 0.2 !• ppt PbS, scavenge with few mg Cus. 

Boil out H2S, make basic with NH3 and ppt Srco
3 

by adding 2 mg Sr 
and a few arops 2 ];! Na

2
co

3 
$ 

Dissolve SrC03 in 1 drop 6 N HCl, boil out co2 , buffer with 1/2 
ml 6 N HAc ana 1 m1 6 N NH Ac (pH 5-6). Transfer to 5 m1 cone II 
ad~t~ not more than 1~ml ~20o Heat to near boiling, add minimum 
Pb to ppt PbCr04 with l drop 1.5 ~ Na2cro4 • Centrifuge. 

Dissolve PbCr04 in 1 drop cone. HCl. Transfer to 2 ml cone with 
1 ml HCl-ether reagent. Chill 10 min in ice bath and centrifuge 
out BaC1

2 
•2H2o. 1ifash with 1/2 ml HCl-ether reagent. 

(8) Dissolve in 1 drop H2o and add 1 drop 0.5! H2so4 • Centrifuge 
out BaS04 for mass spectrograph. 

(8a) Dissolve in 1 drop H2o and add 1 drop 0.5! NaOH plus 1 drop 2 M 
Na2co

3
• Centrifuge raco

3 
and dissolve in 0.1! HCl for equilibration 

with resin for column run. 

P-18-273 
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Remarks: If the target sol'n is obtained in large volume, buffer with 
NH

4
Ac until uranium ppt's out. Centrifuge and ppt PbCrOA from 

supernatant (20 mg or more may be required). Remove Pb oy dissolving 
the chromate in l-2 N HCl, passing in H2s, diluting to 0.2 N and ppt'n 
PbS. After H2S has been boiled out, the sol'n may be made basic and 
SrC0

3 
ppt'd to reduce the volume. Follow with Sr(N0

3
)
2

, PbCr0
4 

and 
Ba.Cl2•2H20 ppt 1ns. · 

For mass spectrograph work, steps 5 & 6 may be replaced by: 

(5-6a) 

(9) 

Boil o~t r~S. Buffer to pH 5-6 and ppt min. PbCr04 by add 1n 
of Pb+ and. 1.51;! Na 2cro

4
• Centrifuge. VJash with 2 drops 

6 ].! NH4Ac. 

To remove e;:cess alkali salts add: 

Fume BaSO to dryness to remove any NH Cl. Take up in 1 drop 
0.5 _! H2S~4 • Centrifuge and rcv1ash with 1 drop 0.5! HzS0

4
• 

For res:l.n column separation of Sr, Ba, and Ra see E. R. Tompkins AECD-1998. 
Elute from resin 1rdth citrate at pH 7.5-8.0. 

8/23/49 
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CHEMIC~·.L SEPi~RATIONS 

Element separated: Ba.rium Procedure by: Newton 

Tnrge~ material: Thorium meta.l (.1-1 gm) 

Typo of bbdt: 6011 alphas 

Time for scp'n: 4 5 min. 

Equipment required: Standard 

Yield: 90% 

Degree of purification: >10
6 

from a.ll nativities present 

·Procedure: The Th meta.l is dissolved in cone HCl plus a. f~·w drops of .2 M 
(~lli4 ) 2SiF6 sol 1n to clea.r up the bla.ck residue. The HCl is diluted­
to 2 ! ana an aliquot taken. 

(1) 

(2) 

1-·5 ml sample in 50 ml cen trif'uge tube. Add 20 mg Ba. ++ carrier. 
If tota.l volume is> 5 ml. boil down to 5 ml or less. To cold 
solution a.dd 30-35 ml HCl-ethcr reagent. Stir 1-2 min while 
cooling in icc bath. Centrifuge w Hash ppt with 5 ml HCl - Et2o. 
Centrifuge. 

Dissolve ppt in 1 ml H 0, add 15 ml HCl - Et2o to ppt barium. 
Centrifuge and wash wi ~h HCl - ether solution. 

(3) Repent (2). 

(4) If scavenging is necessary dissolve in 4 ml H
2

0 6 o.dd 1-2 mg Fo+++ 
and fresh (carbona.te free) NH.:l.OH till an excess is presonto 
Contrifubc and discard ppt. To solution add 5 ml HC1-Et2o, cool 
and centrifuge. 

(5) Dissolve ppt in H
2
o. Dilute to 10 ml, add 6 drops HCl + 10 mg 

Ag, digest, centnfuge off ~·~gel. Repeat·. 

( ) +++ ( ) 6 ~\dd 1-2 mg Fe , then IiJH4 OH. r.b.lre 2 hydroxide pptns of Fe OH 3. 

(7) .\dd No. 2co3, ppt Ba.C0
3

, Dissolve in 1 m1 cone HCl~ ppt BaC12 by 
adding HCl - Et2o reagent. 

(8) Transfer ppt to weighed filter wi ih 3-5 ml portions of absolute 
EtOH containing 4% HCl. Filter with suction. Wash three times 
wit~ 5 ml Et2o: Dr~-b~ evacuation. 2 min. evacuation, release, 
5 m1n. evncun t1on. .fc:t.gh as Bo.Cl

2
.H2o. 

Remarks: This method ha.s been described previously. (Phys. Rev.~ 17 (1949)). 

Prepnra.tion of ca.rrier solution: Dissolve 19.0 gms Ba(N03)2 in wutor 
and dilute to 1 li~cr. 

Sta.nda.r~~?n a.s ~.!..6~~,0 Take 5 ml carrier, add 50 ml ethcr-HCl 
mixture. Cool in icc ba.th for 10.minutos. Stir, Filter onto a. sintcred 
gla.ss crucible. Use 3 - 5 m1 portions of absolute EtOH containing 3-5 
drops cone HCl to tra.nsfor und wa.sh the ppt. Wash with throe 5 ml portions 
of Et2o. Eva.cua.te and weigh as BlCl2 &H

2
o. 

8/23/49 
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Element separated: Barium Procedure by: Newton 

Target mnterinl: Thorium metal (.1-1 gm) 

Typo of bbdt: 60 11 alphas 

Time for scp'n: 1 hr. 

Equipment required: StAndard 

Yield: A.J 60% on Eo. 

Degree of purification: 106 other F.P . N 10
3 

from Strontium 

.. l.dvn.ntagcs: Bo. o.nd Sr can be taken out in sruno procedure. 

Procedure: The Th metal is dissolved in cone. HCl plus a fc1ii drops of .2 H 
(NH

4
)
2
SiF

6 
to clear up tho black residue. Tho HCl is diluted to 2 N 

and o.n al~quot taken. 

(1) :~dd 20 mg ouch Bn and Sr carrier and 30 ml fuming nitric acid. 
Cool 1-C' 'C::i rr..ttos with stirring and centrifuge. (If so

4
- prosont 

a(~d l]..,Sn
11 

to ppt Ba.SO 4 • Wash v;i th 10 ml ~0. lv.bta the size with 
5Cj~ I~i,;U~ by boiling 5 min. Centrifuco~ wash ·with water. Dissolve 
ppt in 1 ! HN03 • Discard ro sidue • 'lhon ma.ke fuming ni trio 
ncid pptn.) . 

(2) Dissolve ppt in 2 ml H2o. Re-precipita.te r.!i.th 15 ml fuming EN0
3

• 

(3) Dissolve ppt in 5 to 10 ml H
2
o. Add 5 mg Fe+++, ppt Fe(OH)

3 
by 

adding 2 ml carbonate free 6 ~ 1m4oH or puss in NH
3 

gas to ppt 
Fe (OH)3 • Centrifuge. 

(4) Neutralize supernate with 6,!! HNo3 • : .. dd 1 ml 6 ,M Itl.c, 2 ml 6 1J 
NH.1 .. l.c. Heat solution to nco.rly boiling. Add 1 ml of 1.5 M Na 2Cr0t'! 
dropvlisc with stirring. Let stand 1 min. Centrifuge, Reserve " 
supernate for Sr. 

(5) Wash ppt of EhCro
4 

with 10 ml hot H20. Dissolve in 1-2 ml 6! 
HCl add 15 ml HCl - Et

2
o reagent, stir 1-2 min. Centrifuge. 

(6) Dissolve ppt in 1 ml H
2
o. Reprccipi to. to Bo.Cl2 with 15 ml HC1-Et

2
o 

reo. gent. Centrifuge. Trt".nsfcr ppt to ·WGighca filter paper with 
·1% HCl in EtOH. Wash 3 x 5 ml Eto2• Dry by eva.cuation 2 min, 
rcloo.sc, evacuate 5 min. Weigh as Bo.Cl2.H20. 

Remarks: This procedure has been described previously. (Phys. Rev. 75 17 
(1949)). 

For separation of 8r from this procedure see (38-5). 

8/23/49 
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CHEMICAL SEPARATIONS 

Element separated: Lanthanum Procedure by: Naumann 

Target material: CsH03 Time for sep 1n: 1-l l/2 hrs. 

Type of bbdt: CsN03 + a(25-50 Mev) Equipment required: 5 ml sep. 
funnels 

Yield: At least 50%. 

Degree of purification: 3 Excellent at least factor of 10 from Cs, Ba, F, etc. 

Advantages: Affords a sample free of fluorine and containing less than 
0.1 )..l g La suitable for mass spectrograph work. 

Procedure: 

(1) 

(2) 

(3) 

(4) 

(5) 

Remarks: 

The target (0.8 g) CsNOr is dissolved in 5 ml of hot 0.5 N HN0
3 . . - ++ +++ I-contakn1ng l mg of F , mg of Ba , 1 mg of Fe and 1 10 ~ g +++ -

La • (See (a) under remarks be low.) 

The solution is made basic with NH
3 

and the solution centrifuged. 

The Fe(OH)~ ppt is washed three times with boiling water redissolved 
s) . - ++ in s.cc O.o _! HN03 and 1 mg ofF and Ba is added as holdback 

carn.ers. 

The solution is again made basic with NH, the ·precipitate centri­
fuged, washed and dissolved as in step (~) but only 1 mg of F-
is added, the Ba++ beinc omitted. 

Fe (OH) 3 is again precipitated with NH.3' the precipitate centrifuged 
and washed 3 x with boiling water. The precipitate is dissolved 
in 2 ml 6 N HCl (See (b) under remarks below.) and extracted 
tr!Tice with-2 ml ether.(See (c) under remarks below.) The aqueous 
HCl solution is evaporated to 1/4 cc, 1 ml concentrated nitric 
acid is added and the solution evaporated to about 50('\ • This 
solution is placed on the filament of the mass spectrograph. 

(a) If xs Ba++ & F are added BaF
2 

will precipitate. The 0.1 Jl g La 
serves to give a line at mass nurrber 139 on the mass spectrograph 
plate. 

(b) At this point an aliquot is taken for counting, etc. 

(c) Some La is extracted into the ether but this apparently is 
una voidable. 

(d) Rare earths if present from bombarding a mixture of target materials 
would not be separated in this procedure. 

7/27/19 
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CHt;:ICAL SEPARATIONS 

Element separated: Rare earths Procedure by: Ricks, • 
Vhlkinson 

Target material: Rare earth oxides Time for sep'n: 1/2 hr.-1 hr. 

Type of bbdt: 60 11 Equipment required: 
lusteroid tubes 

Yield: VI 100% 

Degree of purification: 100% from all other elements besides rare earths 
themselves. 

Procedure: 

(1) Dissolve rare earth oxides in cone. HN03, ppt hydroxides with 
cone. NH40H. 

{2) nash hydroxides until wash is neutral. This increases yield 
markedly. 

(3) 

(4) 

(5) 

(6) 

6/25/49 
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Dissolve in IlliiOrz, transfer to lus teroid, add 5 co cone. HF, digest 
in hot water ba~h, centrifuge, and wash fluorides with water. 

Dissolve fluorides in IDJ0
3 

- H
3

Bo
3 

mixture (8-10 ~ HN0
3 

saturated 
with B3B03 ) 

Repeat 2-4 Thvice. 

Dissolve final hydroxides in HCl pH 1-1.5 and transfer to ion 
exchange resin column. 
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Excrpts from Po.per on 11 Ra.dionctivc Isotopes of the Rare Earths. 
r. Experimental Tcchnioue · o.nd -Thulium Isotopes" - Phys Rev 1Q 1370 (1949) 

E::_o!!.!;:y Wilkins on o.nd Ho.rry Hicks 

Abstract: 

Tho experimental tec~niqucs used in the chemical sopo.ro.tion and idcntifi­
co.tion of radioactive isotopes of tho ro.re co.rth clements nrc described. 
The isotopes o.re produced by bombardment of ra.ro ea.rth oxides with a-particles 
deuterons, o.nd protons from the 60-inch Crooker LA born tory eye lotron, and 
n1so by bombardment of tnnta.lum with 200 Mev deuterons from tho 184-inch 
cyclotron. 

I. Introduction 

The CY-trome difficulty in achieving sepo.Ja.tion of the ra.ro earth clements 
in o. ve~ pure state ha.s been overcome in recent yours by tvro mo.in.ndvnnccs 
in experimental techniques. These ha.ve mount tha.t not only macro, but trncer, 
r.tmounts of ro.ro ca.rths cnn be rclio.bly scpo.ro.tcd from ench other in a. fevr 
hours. 

Methods of sopnro.tion bo.sed on multiple oxidntion sta.tes of the 
ro.re cnrth clements ha.vc been developed for ou2opium, so.marium, nnd other 
ro.rc earths, pa.rticulnrly by McCoy nnd Mlrsh, using zinc nnd sodium 

l.H.Ee'.McCoy, J. Am. Chem. Soc. 57, 1756 (1935); ~· 1131 (1937); .§1.• 3422 (1941) 

2. J. K. N.hrsh, J. Chern. Soc. 398, 523 (1942). 

o.mo.lga.m reduction procedures, while tho scpa.ra.tion of ra.rc ea.rths by the 
use of columns of ion-exchange resins hns been developed in the Mhnh%ttan 
Project, a.nd ha.s been described in o. comprehensive series of papers. · 

~----------------------------------------------------------------------3. E. R. Tompkins, J. x. Khym a.nd 1'!. E. Cohn, J, Am. Chcm. Soc. 69, 2769 
(1947); F. H. Spcdding ct nl., J. Am. Cham. Soc. 69, 2777, 2786, 2812 

(1947); E. R. Tompkins a.nd S. IV. J.hyor, J. Am. ChCm. Soc. ~, 2859, 
2866 (1947). 

-~--------------·--·-----~ ------
These procedures have given o. grec.t impetus to research on ra.4o ea.rth 

isotopes formed ,in fission of uranium ~md also by neutron capture. Li ttlo 

4. E. R. Tompkins, J. X. Kb.ym a.nd t'i. E, Cohn, J, Am. Chern. Soc. 69, 2769 
(1947); J. A. M::trinsky, L. E. Glondenin, o.nd C. D. Coryell, J-;-Arn.. 
Chom. Soc. 69, 2781 (1947); D. H. Harris nnd E. R. Tompkins, J. Am. 
Chern. Soc. 69, 2792 (1947); B. H. Kctel1e ·and G. E. Boyd, J. 1\m. Chom. 
Soc. 69, 2800 (1947); W. E. Cohn, G. 1'!. P.J.rker a.nd E. R. Tompkins, 
Nucleonics ~~ 22 (1948). 

--------~~--·---------------~----- -----
work, ho1tmver, ha.s boon done on neutron deficient isotopes formed by proton, 
deuteron, a.nd a-pnrticle bombardment of the rnrc earths. A systematic study 
ha.s, therefore, been undertaken to remedy this deficiency in the knowledge 
of such isotopes, nnd further, to nllow intcrp.reta.tion of the. results of 

P-18-178 
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high energy pnrticle bombardments of clcmcntg o.bovc tho rnrc cnrths using 
the 184-inch cyclotron. In n previous note, a. list of new ro.re eo.rth 

5. G. fTilkinson nnd H. G. Hicks, Phys. Rev. 74, 1733 (1948). ·-
activities and their properties wo.s given; the present po.per describes 
the experimental procedures used, o.nd the proper~ios of the new thulium 
activities. 

II. Expo rimon tal 

A. Bombo.rdmcnts 

'Where compo.ro.tively large quo.ntities of mo.torio.l were o.vo.ilo.blc, 
hundred milligro.m o.mounts of ro.re co.rth oxide were sproo.d on a. ridged copper 
tnrget plate, which vro.s then covered with 0.2 mil tantalum foil. In all 
other co.scs, ton t-o tvvcnty milligram so.mplos of the oxides wore bombo.rded 
on interceptor targets plo.ced in the boo.m of tho 60-inch Crocker Laboratory 
cyclotron. Tho fino ly powdered oxide wrts s preo.d evenly on a smo.ll plo.t­
inum tro.y with a. grooved inner surfo.ce, which was silver soldered to a. 
wo.tc:--coolcd copper holder. Tho oxide la.yer wo.s wetted, and o. few drops 
of dilute sodium silicate solution dropped on top of it. After evaporation 
nnd drying under o.n infro.-red heo.t lump, the oxide w~s very firmly bound in 
o.n even lo.ycr. To.rgots s 6 prcpo.rod have withstood over a. hundred micro­
mn.perc-hours of 20 Mev deuterons without loss. Tho targets wore covered 
with 0;2 mil tantalum foil o.s additional protection. 

Bonibo.rdments of r0.re earth oxides h1:'..vo been rntlde with 38 Mev a-particles, 
19 :tibv deuterons, o.nd 10 Hcv protons from the 60-inch Crocker Lo.borutory 
cyclotron; runs "~Nith low energy a-particles were mo.do by placing suita.ble 
thicknesses of tantalum foil over the interceptor target. Ta.nto.lum, a.s the 
mota.l foil, wo.s bomburdod with 200 Mev deuterons from tho 184-inch cyclotron. 

B. Chcmico.l Sopura.tions 

After bombardment, the ruro earth oxide wo.s dissolved in nitric a.cid, 
a.nd insoluble mo.ttcr removed by centrifugation. Ca.rriers for contamino.ting 
activities likely to be formed from the target ma.tcrio.ls -- copper, tantalum, 
platinum, sodium silico.te, etc. wore o.ddod, a.nd tho ro.rc oa.rth fluoride 
precipita.tcd from hot 2 H nitric o.cid solution by addition of hydrofluoric 
acid. The washed fluoride wa.s dissolved in u mixture of conccntro.ted nitric 
acid nnd sa.tura.ted boric a.cid; from this s9lution, the rare co.rth hydroxide 
wns prccipita..tod by a.ddi tion of ammonium hydroxide. Tho wnshod hydroxide 
wa.s dissolved in nitric o.cid and a. further fluoride precipitation rno.dc as 
before. Throe or four such cycles were mo. do, o.ftcr 1.-vhich, tho hydroxide 
wa.s dissolved in o. minimum of hydrochloric o.cid a.nd the solution accurately 
adjusted to a knovm volume. Aliquots of this solutionworo to.kcn for direct 
measurement of ro.dioa.ctivities, for chcmico.l separation of the individua.l 
ro.ro enrth clements, o.nd for estimation of tho chomico.l yield of the bombarded 
oxide. Rare earths wore determined for chomico.l yield measurement, by 
the precipitation of oxalate, followed by ignition to tho oxide, o.nd weighing. 

The to.nta.lum, o.ftcr bombardment with 200 Mov dcut 6rons, wa.s dissolved 
in the minimum of nitric a.nd hydrofluoric acids. To tho boiling solution wo.s 
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added boric acid, to oomplc;: the fluoride, followed by cerium III solution 
us a. currier for tho r~ro earth acti vi tics. After dilution, m:ccs s hydro-. 
fluoric a.cid v1as ndded to prccipi ta.te corium III fluoride. The cerium wc.s 
purified by hydroxide-fluoride cycles a.s above. To tho fina.l solution in 
strong nitric a.cid wns a.dded n s~ll quantity of lanthanum (ca.. 0.1 mg) and 
the corium oxidized to tho IV oxidations to.to by addition of sodium bis­
mutha.tc. Th.e cerium was then removed by precipitation of cerium IV phos­
pha.to from 3 N nitric a.cid solution. Tho la.ntho.num, with the ro.ro earth 
activities, was recovered as the fluroido, which wo.s then converted to tho 
chloride for subsequent separations on the ion-exoha.ng;e columns. 

c. Chemical Separation of tho Rare Earth Elements 

Chemical separation of the individual ro.re earth clements was ma.do 
by ion-excho.ngo resin columns, or for europium, by a.n a.malga.m reduction 
method. The principle of column scpo.ra.tion involves first the adsorption 
of tho ro.re ea.rth ions in dilute o.cid solution on o. srnall quantity of ion­
exchange rosin. This rosin is thon placed o.t the top of a rosin column, 
through which is then pa.sscd a. solution of a. comploxing agent for the ro.ro 
earths, e.g., o.nmonium citrate. Tho rare earths nrc eluted under strictly 
controlled conditions and pass through tho column o.t various rates; 
lutecium is the first to nppoa.r in tho elua.te~ followed in succession by 
ytterbium, thulium, erbium, etc. 

In preliminary experiments to determine the ch.'\roctcristics of column 
scpcro.tions nnd optimum separation conditions fo91thc rnro earths, both 
inactive rare cnrths in milligram amounts., a.nd y so.dioa.ctivc91_ra.cor were 
used. The former wore determined spectroscopically and tho Y dotcrminod 
by its ro.dioo.ctivity. 

6. Spectroscopic analyses of the ro.rc earths wore ma.dc in this labora.tory 
by Mr. J. Corn·va.y o.nd Mr. M. ]fooro, to whom we arc groo.tly indebted for 
their a.ssisto.ncc. 
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added boric acid, to compleJ: the fluoride, followed by corium III solution 
as a carrier for tho nrc enrth O.ctivities. After dilution, oJ:oess hydro­
fluoric acid 11ns ndded to prccipi tate cerium III fluoride. The cerium wc.s 
purified by hydroxide-fluoride cycles as above. To the final solution in 
strong nitric acid was added n small quantity of lanthanum (en. 0.1 mg) and 
the cerium oxidized to the IV oxidations to.te by addition of sodium bis­
mutha.te. Th!3 cerium was then removed by procipi ta. tion of cerium IV phos­
phnto from 3 N nitric acid solution. Tho la.nthanum, with the rare ea.rth 
activities, was recovered as the fluroidc, which was then converted to tho 
chloride for subsequent sepa.ra.tions on the ion-exchange columns. 

C. Chemical Separation of the Ra.re Ea.rth Elements 

Chemical separa.tion of the individual rare ea.rth clements was made 
by ion-exchange resin columns. or for europium, by an a.ma.lga.m reduction 
method. The principle of column separation involves first the adsorption 
of tho rare earth ions in dilute acid solution on a. sma.ll quantity of ion­
exchange rosin. This rosin is then placed at tho top of a. rosin column, 
through which is then passed a. solution of a. complcxing a.g<mt for tho rare 
earths, e.g., ammonium citrate. The rare earths arc eluted under strictly 
controlled conditions and pa.ss through tho column at various rates; 
lutecium is the first to appear in the eluate, followed in succession by 
ytterbium, thulium, erbium, etc. 

In preliminary experiments to determine tho cho.rnctoristics of column 
sop~ra.tions and optimum separation conditions fo91thc rnr~ ca.rths, both 
ina.ctivc ra.rc cnrths in milligram amounts, o.nd Y Bo.dioo.ctivc 9lro.ccr wore 
used. The former wore determined spectroscopically o.nd the Y detcrminod 
by its ro.dioactivity. 

6. Spectroscopic o.na.lyscs of tho ra.rc earths wore ~~do in this la.borutory 
by Mr. J. Conway and Mr. M. }.!bore, to whom we a.ro greatly indebted for 
thoir assistance. 
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1. Prcpa.r7tion of the Column. - All column scpa.ra.tions were mdo 
using Dowox-50, En a.romn.tic hydrocurbon pol;ymor containing mny nuclear 

7. 'TJ. c. Ba.umo.n, Ind. Eng. Chcm. 38, 46 (1946); VJ'. C. Bo.uma.n and J. Echhorn 
J ... ll.m. Chom. Soc. 69 2030 (lm). 

sulfonic a.cid groups. Tho rosin used Vlt::S the colloida.l a.gglomoro.tos, 
Bntch 19891M supplied a.s tho sodium for.m. Tho a.mmonium form of the resin 
~'la.s prepared by stirring vli th sa. tura.tod a.rnmonium ch lorido solution; excess 
a.nunonium chloride wns removed by wa.shing with wa.tor. The resin vms gra.dod 
to ha.vo a settling time of less than five minutes for five centimeters in 
wn tor a. t room tcmpcruturo. The length of the pro limina.ry res in column ii/US 

50 em, with a diameter of 0.4 em, but in subsequent runs, it was found that 
20 em x 0.4 em and 20 em x 1.0 em columns ga.vc a.dequate separation. 

2. Adsorption of Ra.ro Earths on Resin. - The rare ea.rth solution in 
hydrochloric acid was adjusted to give~ be~vcon 0.5 and 1.5, the ionic 
strength bvinc; kept at a minimum; this solution wo.s then a.gitc.J.;cd with 
o.bout 0.2 ml of rosin a.ddcd in ~-ro or throe successive portions. The 
solution Dnd resin were agitated r>.t r>.bout 70°C, but wore not allowed to 
stand in conto.ct for more than 15 minutes. This prevents diffusion of ions 
into the interior of the o.r;glomoro.tcs, o.nd subs<.Jqucnt slow elution with 
poor sepo.ra.tions. 

3. OE?ratio.E_ of the Colun~.: - Tho rosin, with tho rare earth adsorbed 
on it, wo.s tro.nsfcrred to tho top of the rosin column, and the eluting 
o.gont pa.ssod through. The eluting agent used was a. 0.25 M solution of 
C.P. citric acid, accurately adjusted to pH 3.05 with ummonium hydroxide. 
C:iro ·was to.kon to c.pproach this vr.luo from tho acid side, so thr.t readjust­
ment with acid was not necessary, since it is importnnt for good scpa.rations 
to keep the ionic strength a.t a minimum. The flow ro.to wa.s a.pproximutcly 
0.03 millili tor per squa.ro centime tor column area pc r minute; \'Ti th tho columns 
used, of diameter 0.4 em, a.nd with a. drop size of about 0.03 ml, this flow 
rate corresponded to one drop in 3.5~4 minutes. 

The eluate wa.s collected in 10 x 75 nun rimless test tubes pla.cod in a 
perforated turntable, which wo.s roto.ted auto~~tically a.t vo.rious time settings, 
to pla.ce succeeding tubes under tho column. Sa.mplos were normnlly collected 
for 15 minutes. In runs with a.cti vc ~~to rials, aliquots wore 't-":.kon with 
micropipcttos a.nd ovc,poro.tcd on sto.inlcss steel disks for counting. Aliquots 
v!crc also tc,kon for spectroscopic o.na.lysis of :mo.cro runounts of rcro cnrths 
prcsont. The a.mount of rare ea.rth,, determined either spcctroscopicully 
or by activity mcnsurcments, wr>.s then plotted o.go.inst tho sample number. 
This a.llows cstimntion of the degree of sopo.rntion a.chicvcd. In all 
column runs, samples collected before tho elution of one 11frcc column 
volume" were disregarded. After completion of a. column run, a.ny residual 
activity or rc.ro cnrth wa.s stripped from tho column with 0.25 M Lmmonium 
citra. to of pH 7 a.s eluting o.gent. After thoroughly wa.shing with water, the 
column v;o.s o.gain rca.dy for usc. 

After soparr>. tion on the column, tho rare ca.rths wor.J recovered by 
eva.poration of the citrc..tc solution with nitric a.nd porchloric a.cids with 
subsequent ignition. Tho rare earth residue wr.s thon extracted with nitric 
acid a.nd the hydroxide prccipi to. ted with o.mmonium hydroxide. If the 
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solution contained only tr~cor amounts,n small ~mount of lnnth~numwns 
added as a cnrr:cr. 

In nddi tion to strict control of the conditions mentioned above, it 
is also important for successful separations, th0,t the cnpncity of the 
rosin for adsorption of ro.rc cc,rth ions is not exceeded. For tho colunms 
descri bod, the maximum cnpnci ty corresponds to npproxim.o. toly 10 mg ~nd 100 · 
mg of rnro cnrth oxide, respectively. Vfhcrc tho starting mntorinls con­
tnincd significant nmounts of other rare earth impurities, and purification 
vms necessary before bombnrdmont, n larger column. which ho.d a cnpnci ty 
for n bout 1 g ro.rc ao.rth oxide wns used. Tho urea of tho column nnd tho 
drop rate were scaled up from the vnluos used in the 0.4 em nnd 1.0 em 
dinmetcr column ·runs, the c.mount of ci trn to flowing through unit cross-scc­
tio~~l urea of rosin being kept constant. Tho progress of any particular 
inactive rare earth through tho column could be checked by using rndio­
active tracer for a neiehboring heavier rnre onrth. After elution of the 
active tracer, the sample numbers of tho desired inncti ve ,rare earth were 
ostimc.tcd by comparison vrith tho standard elution curve (Fig. 1). Aliquots 
of tho samples ·were then exo.mincd spectroscopically to allow tho pure 
rare earth fractions to be isolated. 

4. Rosul ts in Co}-~~ ?_:pnrations. - In Fig. 1 i§l shown the "standard 
elution curve 11 obk.ined with inactive nn terinls nnd Y tracer. It should 
be noted that while tho lutecium nnd ytterbium nrc very close together, 
samples from tho po~ks of those curves hnvc no detectable lines of ouch 
other or of other rare earths in their spectra. Thus samples of these 
neighboring olomop.ts cnn be obto.incd in which tho sepa.ration factor is at 
least n thousand. 

A typical column run on n bomba.rdod sample is shown in Fig. 2, where 
the broken line shows tho distribution of ra.dioactivity produced by 38 Mev 
nlpha.-pa.rtic lo bombardment of holmium oxide. The solid lines show tho 
distribution of inactive curriers of lutecium, ytterbium, erbium, a.nd 
dysprosium, a.ddod ns references, nnd determined spoctrogrnphicnlly. 

A further example of o.. column scp~.rntion is shown in Fig. 3, where the 
ra.ro enrths nrc present in trncer q~ntitios only. In such cases, separa­

tion is gcnorc.lly clennor nnd there is loss 11 tniling" of the po~ks, th::1.n 
where macro nmounts of rnre earths nrc scpnrntod. Tho activi tics shown in 
Fig. 3 wore spnllntion products, obtained by the bombardment of tnntnlum 
Yvith 200 Mev deuterons from tho 184--inch eye lotron. Lnnthnnum wns used 
ns a. cnrrier for the rndioisotopos. A study of tho radiation c~~rnctcristics 
and decays of tho ponk samples hns shown no evidence of contamination. 

D. Separation of Europium 

Europium has been purified prior to, nnd recovered after bombnrdmont 
by n modification of McCoy's method. Tho europium in 6 N hydrochloric 
~cid solution was reduced to the divalent stnte by boiling with zinc 
nmalgnm. Rare earths other tho.n uuropium were precipita.tcd by cnrbonutc­
froo nmmonin using cerium ns n carrier. After centrifuging, the supor­
nntnnt solution vvns. withdrr-.vm, tho europium oxidized by ozone, nnd then 
precipitated by nmmonin. The procedure wa.s repented with both fractions 
to ensure complete sopnrntion. 

8/16/49 
P-18-190 



I. 
~-. 1 . . ... 

UJ 
1-;­
<t 
:::> 
_J 

UJ 

I"( 

0 
0 

' 
J: 
..... 

.a:: 
<t 
UJ 

UJ 
a:: 
<t· 
a:: 
(f). 

;::;! 
<t 
a:: 

·C> 
0 
a:: 
(.) 

:E 

• too~------~--~~~4-~h-~-4~~~r-~~~~--------~----------~--~Jo4 

10.0 

. ' 

. •' 
Lu 

I 
i 

. ~.j . 
t 

i 
.. I 

Yb ;Tm 
i 
I 
1 

:I' 

Er 

l 

I 
1' 
1 
i 
I 

I 
1 

Ho 

., 

I 
I 
I. 
I 

.... I. 

I 
I 

l 

! . 
! 
I· 

r 

t"' . ·-· 

I 

I 

! 

! 
l 

I . 

' i 
I 
i . 
! 
\ 

9'1 :y 

' I . 
i 

Sm 

i 

+· 

' I 

i 
- j 

UJ 
..... 
::) 

z 
< 

I. 0 ---- ~;)- L .. - .. - lil ~ 
' (/) 

I 

I 

{ 
I 

~ . t . 
'' 

' 
i. 
I 

. ......... -- -- 1 .. 

J • 
I 

··t<" ·-
1 

I .. , 

I 
- I 

I 

. - --1 

I 
I 

0.1~--L-~~~~~----U--L----~~----~--~~~----~--~--------~~ro 
40 60 80 100 120 

SAMPLE NUMBER 
I=" I r: J \ 

140 160 

..... 
z 
:::::> 
0 
(.) 



·x.. \ "· ... 

, 

·oo 1 uo7uJ~29 

Tm 
(\ 

jl 

I \ 
I l 
I \ 
I . 

~- .. I \ . '·· i, 
"""' 

L\ . ·~ . . r·· \ 
I • 
I \ 
I I 
1- ,, 

. , .l \ 
I .·: \ . 
I _ \-Er I . . . , 

I 
f 

-I 

I 
I 

• 
ELEMENT 

Lu. 
~. y b. 

.. 
~ Tm 

. ·~~. "'~" .. ' .. 

' -· "-- E·r ~ 
~ l', 

Ho 

. , . 
. l 

, , Ho 

PEAK 

40 
44 
48 

53 
67 

78 

.' ':':..,,; . 

"1':· 

... 

' 

·' 

l. 

,• 

4 
-JO , . 

. " 

-.e ..... 
. '-.·. to3 -

·. • .:• . I.IJ 
.:.:J 
a: 
::E 

. . .ct. ' 
.V) . 

_,,...· 
' w .... 
::::> 
2 
~­

' ·-: 
(f)' 

t-
z 
::::> 
0 
l) 

·• 

O.IL---~--~--------~------~~--------~~----~~----~~--~ 10 
30 40 50 60 70 80 90· 

SAMPLE NUMBER 



.-
·., 

"" .... -~\·~·. 

· .. y 
, .. ; ... .... 
~"; ,/ ;· -~ .> .i ~ ...... 

:: ... ~ ·'· .... 
.... ~ ~ ~· . 

t.'• ~ •. 

•: ... ,. 

·r· 
.;.· .. -~ 

·,. 
:". 

~. ·.' .. ' . 

·I ... 

·.·· 

,.:.·' 

·' 

. _;·" 

. :. .. ~ . ,. 
. ~ "~ ... 

··.1, 
·, 

; . 

-~ . 

..... 

. ". 

'!.. ... •••·• 

:"""r, 

" 

-~' • , . ·, 't . 

.. 

10 

;. 
'·,' 

'. rr· 

. ' . ; ) 
~. '. 

·_.( 

}:' ~- . 

··.:-. 

... 

t 

·. '· 

' ··' •j . . · 

,;, 

. ~ . 
·"' ... 

""'·. 
/:. 

·. 

•.,)· -~· 

. ' 

· .... • . 

10 

.· 

. ' 
<(,. 

U,a 

. '• 

Yb 
' 

,l 

't:; . 

.·d' 

. '' 

20 

. ·:. 

~. ,: 

'. 

·, . 
:~ .. 

. ...... : 

.·."" 

Tm 

30 

j . .. , 

SAMPLE NUMBER 
FIG _r.u.: 

,;. ·, 

.,! 

ELEMENT 
Lu 

. 
I' 

Yb 

Tm 

' . .. 

"'· 

40 

• . .;, 

50 

PEAK 

16 

20 

27 

60 

13182- t 



0 0 0 Q 7 u J J J 
57 through 71-3 

The Prcpara. tion of ~r_r.m Amounts of SJ2cctroscopicnlly Pure Ro.ro 
Eo.rths Using Dowox 50 

Elements Purified: Pr 1 Nd~ Eu~ Gd, Dy. 

Str-.rting M,'\tcria.l: The best mo.toria.l commcrcia.lly avnila.ble in gro.m a.mounts. 
Tho sto.rting ma.tcria.l usua.lly conta.ined "'"'99% of tho 
desired constituent. 

Procedure by: R. C. Lilly, D. c. Stewart. Ba.sed on origina.l data. given 
in JACS, ~~ 2769-2879 (1947). 

Time for Purifica. tion: 2-3 weeks 

Equipment required: Lnrge column setup (soc bclmv) · ·' 
a.utoma.tic sa.mplcr 
12 dozen 100 ml centrifuge tubes 
lo.rgc bea.kcrs 
sol 1n bottles (12 liter size) 

Yic ld: rv 90% 

Degree of Purifica.tion: In tho ca.so of ra.ro earths from Co through Gd, 
sa.mplcs ca.n be obta.ined which conta.in no other 
ra.re ea.rth lines. Above Gd, the scpo.ra.tion is 
loss complete. 

Adva.nta.ges: Lo.rgc ca.p..'l.city a.llows prepa.ra.tion of 5 gms of ma.toria.l in one run. 

Description of Appo.ra.tus Used:-

A. Column 
(1) The column is constructed of Pyr0x tubing, 4-6 em. i.d. o.nd from 

50-75 em in length. The lower end of' the tube is rounded out 
slightly a.nd fitted with a. piece of ca.?illa.ry tubing 3 em long, 
7 mm o.d. 1 a.nd 1 mm i.d. A sma.ll well is loft in the la.rgc tube 
just nbovc tho sto.rt of tho ca.pillo.ry to hold a. gla.ss wool plug. 

(2) The upper end of the colunL~ is equipped with a. rubber stopper 
which ha.s boon fitted with a. 5 em piece of 10-12 mm gla.ss tubing 
a.nd hollowed out undornca.th to givu a. domo-sha.pod space whoso top 
is flush with tho end of tho gla.ss tubing. This typo of stopper 
proven ts the o.ccumula. tion of a.ir nt tho top of the column. 

(3) Tho gla.ss tube extending up from tho stopper is connected to a. 
reservoir bottle by a. length of tygon tubing. Provision is rrnde 
for ro.ising or lower the r~servoir to rogula.te the flow ra.to. 

B. Automa. tic Sa.mpling M:Jchunism 

P-18-189 

'(l) The usua.l a.utoma.tic sa.mplor, providing holes for 60 sma.ll tubes, 
is revised by substituting a lucito top disc equipped with 30 holes 
largo enough for a 100 ml centrifuge tube. Since those sa.mplers 
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have 60 stops in one complete revolution, the column is set up 
so that ouch tube ~~kes up two turns of the wheel und is under 
the column for l/30 of u cycle. 

(2) The sampler is nlso modifie~ by tho inclusion of u large aluminum 
scpnra tor betl-vccn the two discs so that the lnrgo centrifuge tubes 
nrc supported ncnr the top a.nd will not fnll out of posit ion. 

~~1 Operations und Informntion: -

A.. Propa.rntion of !JH
4 

+: resin. 

(1) Usc 250-500 mesh D:>wox so*~ Hea.t three times ut 100°0 with 1 l/2 
volumes of 4 M NH

4
Cl. Vlnsh 8 times with 2 1/2 volumes of distilled 

H
2

0. After ench wc..sh disca.rd the supernc.t~nt a.nd any fine ma.terial 
sus ponded in it. 

(2) Density of Dowcx 50 = 1.5 ~ms/ml dry) 
l. 4 f::"·'s/111 wet) 

given for rosin 

Appa.rcnt density in column = 0.58 gms/ml dry) 
0. 7 ~· I 1 t ·, _ &:ns1 :m we J 

Thus "-' 40% of tho column volume is rosin. 

from experimental 
results 

*Also referred to us 11 Nnlcitc 11 a.nd "Ionex". Tho effective Molecular weight 
is 184. 

B. Propa.rntion of Arrunonium Citra.to Stock Sol'n. 

(1) Combine tho folloVIing: 
12 gms Ba.ke rs C.?. pte no 1 
600 gms I.~rck Ron gent grndo citric nc id 
116 ml Reagent grade }lli

4
0n 

(2) Dilute to 12 lit~rs with H20, mixing well. 

(3) Remove a sm .. ·cll so.mple nnd test the a.cidity with u pH meter. It 
should be bcuvoan pH 3.00 nnd 3.l0. If it is not, add NH

4
0H or 

HC10
4

• 

(4) Citric ncid dntn. 
Molecu1nr vmi_gf.:.t of monohydrate -5 192 _7 K

1 
= 8.2 x 10 -; K2 = 1.77 x_lO ; K

3 
= 3.9 x 10 

c. Adsorption of Rare Ea.rths on Dov;ex 50. 

(1) Dissolve tho r.r,terinl to be purified in the loc..st possible nmount 
of HC104 und dilute to 50 ml. If tho sol'n docs not remain clear 
on dil~ion, a.dd several milliliters of cone. HCl nnd heat the 
sample further. 

P-18-188 



0 0 u 0 7 0 J J J 3 
57 through 71-3 (pngo 3) 

(2) Trnnsfor the sol'n, having n voly¥j-~ of 50 ml, to a 250 ml ghss-
stoppcrod bottle. ;.dd enough Eu tr~cqT ~ ¥Cl0 

4 
or HCl soln 

to give n total of r0 500,000 c/m of E~ 8rt j 0 counter. Mix tho sol 'n 
well nnd pipette out 100 ~ • Dry nnd coun:c. 

(3) ~Hr dry some of tho rosin propnrod us in (t'.) a.bovc, a.nd v~eigh 
out 10 gms for ouch grnm of rare earth oxide which has boon 
dissolved. 

(1) Add this rosin to tho sol 'n from stop (2 ). Pnrnffin tho bottle 
and shnkc it mochnnicully for 1-2 hours. Allow tho rosin to 
settle j remove 100 ';.. of the supornntc.nt so ln, dry, and count. Com­
pnrc with tho count obtained in stop (2) to determine the porocntn~;c 
adsorbed. If it is less thnn 95%, add more HC104 or more resin, 
or both, nnd shnko again. 

(5) 1\lhcn the count shmNs enough of the mo.torio.l to ho.vo boon adsorbed, 
drow off the supernatant. Wash the resin ·with 50 ml of H

2
o nnd 

disco.rd tho vmsh. Then wash with 50 ml of pH2 o.nnonium.:cJ.tro.tc 
soln (p.repo:rcd by adding cone HCl to some of· the soln prepared 
in (B)), o.nd disco.rd this lvnsh. The resin is now randy to be 
slurried onto tho propnred resin bed. 

Procedure: -

(1) Pkcc n small Pyrex :::;lnss wool plur, in the well o.bovc the co,pillo.ry 
tube nnd wet it with H2o. Add o. slurry of tho rosin in ~0 
propnrod as in (A) above, filling the tube to n height of 

(2) 

(3) 

(4) 

r--~ 20 em for Pr, Nd 
rv 40 em for Sm, Eu 
at least 60 em for Gd nnd hieher rnrc enrths. 

~ftcr ~~king sure thct tho glass wool plug has not boom misplaced, 
allovt the rosin to settle for scvernl hours nnd form a well-packed 
bod. 

Tr::.nsfcr tho "hot il rosin contnining tho ndsorbod rnro earth :mo.tcrinl 
o.s prcpnrcd in C nbovo to tho top of tho column by slurrying it 
on with a. small o.mount of . pH 2 ammonium citrn"bJ sol •n. rJ.hko sure 
thc.t tho resin settlo s out in a. level band. 

Cnrefully fill the column wi~h H 0 nnd put tho rubber stopper in 
plo.cc so thnt all of tho nir bub~lcs arc forced up into tho glass 
tube in tho middle of the stopper and finally out through the 
reservoir bottle. 

(5) Fill the reservoir bottle with tho pH 3.05 nmmonium ci trn to sol 'n 
and c.llow the liquid to fill tho tygon tubing lending to the column. 
Clnmp tho tubing until rcndy for tho flow to begin. (Cnutionl) Do 
not mr.ni puln "b3 the tubing in such n way thnt a pnrtia 1 vacuum is 
over created at the top of tho column or tho whole rosin bed will 

P-18-187 be sucked upward, nnd tho glo.ss wool plug will be dislodged.) 
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(6) After the uutomntic srumpler hns been put in place, start the flow 
and regula. te it by raising or lowering the reservoir so that the 
rate is from 4-6 secjdrop (75-90 ml/hr) for Pr and Nd to not faster 
than 8 sec/drop (40 mljhr) for Gd and higher rare earths. Th~se 
rates, 40-90 ml/hr, correspond to figures of 0.033-0.075 ml/cm for 
a 5 em i.d. column. 

(7) Collect snmples as desired. The progress of the rare earths through 
the column can be followed roughly by checking the position of 
the Eu tracer with a sensitive survey rooter. 

(8) The mnterial being purified is best detected by removing 1-2 ml 
from each of several selected tubes, placing the samples ~n a 
s~~ll beaker and adding a few crystals of oxalic acid. lVhen 
weighable amounts of rare earths come through, this test will 
result in a turbidity or a sizeable white ppt., depending on 
the amount of material. 

(9) VVhen all of the desired material has been eluted, as shown by the 
above test, and an additional volume has been run through as a 
safety factor, stop the ammonium citrate flow and the sampler. 

(10) Determine the beginning and end of the elution peak by testing 
as above. Prepare samples for spectroscopic analysis as desired, 
either at both ends of the peak or at regular intervals throughout 
its length. In each case pipette 50 A. of the soln onto a. Cu spectro­
scope electrode and dry. 

(11) On the basis of the spectroscopic analysis combine the tubes into 
fractions according to purity. In each case, transfer the solns 
and washings to a. beaker of appropriate size and boil to f'V 1/3 
the voluroo. Add oxalic acid (1 gm for each 25 ml of soln) which 
h~s been dissolved in H20 and heated to boiling, pouring it into 
the boiling sample soln o.nd stirring well. Digest the so.mple 
over low heat with continued stirring for one hour. Allow the 
ppt to settle, preferably overnight. 

(12) Draw off the superno.ta.nt o.nd concentro.te the ppt by successive 
centrifugings. Transfer the material to aPt dish by slurrying 
with H2o, dry it, and ignite to constant weight a.t 700° c. 

Remarks: 

(1) In order to secure spectroscopically. pure materio.l it is important 
that special ca.re be taken at all times to see that all equipment 
is clean and that all reo.gents used o.re from fresh containers of 
known purity. Since it is difficult to remove a.ll tro.ces of 
dichromo.te cleaning solution from glasswo.re, the centrifuge tubes 
and beakers used were cleo.ned with aqua regio. instead of cleaning 
soln and rinsed very thoroughly. During the run the snmpler and 
tubes were covered with a large shield to prevent dust from dropping 
into the so.mples; and during subsequent steps a.ll containers were 
kept well covered. 

P-18-20 1 
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(2) The rare earths, in general, o.re eluted in the reverse order from 
their periodic table arrangement, i.e., lutecium comes off first 
o.nd lanthanum lust. If the snme eluting agent is used throughout, 
the concentration vs time peaks become progressively broader and 
further apart as the lighter rare earths are approached. This 
means that praeseodymium, for example, is relatively easy to 
purify, but will be spread through a number of fractions; whereas 
the heavy rare earths are difficult to purify and are distributed 
through fewer tubes per peak. 

(3) The Tompkins-~hyer equations (JACS 69, 2859 (1947)) can be used 
to calculate theoretico.l separation curves. They require thn t the 
plates per centimeter be known for the resin, o.nd that the 11C11 vo.lues 
(number of free volumes of elutnnt o.t the peo.k) be known for the 
individua.l rare earth elements. The experimental do.tn taken are 

8/16/49 

P-18-208 

not complete enough to give very accurate figures, but it is 
estimated that the 250-500 mesh Dowex 50 used as described is 
equivalent toN 15-20 plates per centimeter of column length. 
Some "C" vnlues are as follows: Eu ~ 16; Sm ~ 20; o.nd Pr 'it 55~ 
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CHEMICAL SEP;.R,.'.TIONS 

Element seporotcd: Cerium 

Target material: Thorium metol (.1-1 gm) 

Type of bbdt: 60" ol phos 

Yield: eo% 

Procedure by: Newton 

Time for scp'n: 1 1/2 hours 

Equipment required: Standard 

Degree of purification: 
other R.E. 

6 3 4 
10 except from other R.E.; probably 10 -10 from 

Procedure: The Th mctnl is. d:l.ssolvcd in cone HCl plus u few drops of .2 M 
(liJH

11 
) 2SiF6 solution to clcnr up the blnck res iduc. Tho HCl is diluted 

to 2 ! una un aliquot tnken. . 

(1) l..dd 10 mg Ce, Lu and Y curriers, 8 ml cone. HN0
3 

and 15-20 ml 
.35! HI0

3 
solution. Centrifuge. 

(2) ;~dd 11 ml of 15! No.OH, ppt Cc(OH) 3 ~ Fnsh once vdth dil No.OH. 

(3) Dissolve ppt in 2 ml 6 ~T HCl. Dil tt> 10 ml. Add 2 ml 27 N HF. 
Ppt CeF02 , discard superii'a.te. 

v 

(<1) ~\dd 1 ml snt H3BO~ nnd 8 ml cone. mw3 • Vlhcn dissolved ndd 1/1: 
gm KBr0

3
• Ppt iooatc by adding 20 ml Hro3 sol'n. 

(5) · Dis solve ppt in 1 drop cone HC1 and 3 drops ~02 nnd rcpeo. t 
ioda.te pptn. 

(6) Dissolve iodate in 1 drop HCl nnd add 8 ml cone. HN0
3 

nnd 10 mg 
Zr carrier. f~odd HI0

3 
to ppt Zr(I0

3
)
4

, lot sto.nd 5 m1n. Centrifuge. 

(7) 

(8) 

Add 10 ml 15! NnOH, ppt Co(OH)3 • 

Dissolve Cc(OH)3 in 1 ml 6 N.HC1. 
I-. ll.dd NH

4 
OH to ppt Co (OH}

3
• 

Add B2so3 to reduce all I03 to 

(9) Dissolve Cc(OH)
3 

in 1 ml 6 MHCl. Dil to 15 ml H
2
o, boil. Add 

15 ml sat u
2
cro

4 
with stirring. Cool in icc bo. th just 10 min. 

(10) Filter, wo.sh three times with 5 ml H
2
0, three times with 5 ml 

Et0:1, three times wi ~h 5 ::nl. Et
2

o. Dry by cvnc. 2 min., rclca.sc, 
2 mw.., rclensc, 3 m1n., wc1gh a.s ~£2 (c 2o4 )3 •10H2o. 

Romo.rks: 

This method has been described previously (Phys. Rev. 75 17 (19,19)). 

Pre~rotion of co.rrier.2_o1utiC?.!!.: Dissolve 31.0 gms Co (N0
3 

)
3 

e6H20 in 
vmtcr nnd dilute to one li tcr • 

Sto.ndnrdiza.tion: Tnkc 5 m1 carrier. :.dd 20 ml H O, Hen t to boiling 
o.nd nddSml-so.turutcd o::r.a.lic acid. Cool in nn ico ba.~h for just 10 minutes. 

P-18-277 
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Fil tor through o. fine sintorcd glass crucible. Wa.sh und dry vrith 5 ml 
H20, 3-5 ml portions 95% EtOH, 3-5 ml portions Et2o. Evncua.te 2 minutes, 
release to nir1 cvacuo.l:o 2 min., rolc::tsc, ovncua.to, rclo('..so (cvo.cua.te three 
minutes). 1'joigh as Cc 2 (~ 2·?,4 )3 ~lOH2o. 

The method is quito empirico.l. The Rn.rc Et\rth ppts a.ro weighed o.s 
tho following compositions when dried in the a.bovo stC'.nda.rd manner. 

Lo.2 (C204 )3 •SH20 

Co
2

(c2o1 )3 •10H
2

0 

Pr
2 

(c
2
o

4 
)
3 

•9H
2
o 

y2 (C204)3 •?HzO 
.. 

Eu2 (c
2
o

4
)
3

•10H
2
o 

8/23/19 
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C"'IEHICAL SEPARATIONS 

Element separated: Cerium Procedure by: Goeckermann 

Target material: nJ 1 g Bi me tal 

Type of bbdt: 18411 all :tnrticles 

Time for sep'n: fevr hours 

Equipment required: Centri­
~~ge, tubes, lusteroid 

.. cones, H
2
s tank, NH3 tank, 

ozone genera tor • 

Yield: Ce approx. 30% 

4 
Degree of purification: Ce decontamination factor> 10 from fission & 

spallation products. 

Advantages: Good for separating small amounts of Ce & Eu activity from 
large amts of non-REactivities. 

Procedure: Cerium and europium were purified together and then separated 
from the other rare earths. 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

(10) 

(11) 

To aliquot of HN0
3 

soln of target add 20 mg Ce, Eu, and Y. Ha~ce 
2N in HCl with Zr, Cb, and Sr present and precipitate RE fluorides. 

Dissolve and reprecipitate RE fluorides from 2! HN0
3 

with Zr 
and Cb present. 

Scavenge twice with Bi 2s
3 

and RuS from 0.5 ! HC1. 

Precipitate RE hydroxides twice with NH~.(co3-
2 

free) and Sr present. 

Precipitate RE fluorides from 2N HCl t1uice with Zr and Cb present. 

Scavenge with Bi
2

S
3 

and RuS from 0.3,! HCl. 

Precipitate RE hydroxides with NH
3 

three times ,,lith Sr present. 

Precipitate RE oxalates from dilute HCl. 

Precipitate RE fluorides from m-w3 • 

Repeat (7). 

Displace air with 0
2 

and CO free N2 , reduce with Zn amalgam, 
precipitate Y(OH)

3 
and Ce(oft)

3 
with NH

3
• Dissolve and reduce 

again, reprecipitate hydroxides. 

(12) Dissolve'hydroxidcs, precipitate Ce(I03 )
4 

twice, then Ce 3 (P0~)4 
three times. Precipitate CeF .from HCI, metathesize to Ce(OH) , 
~i~solve in HCl, precipitate ~(OH)3 with NH

3 
•. Dissolve in HCfo 

t•tfe1~h as Ce
2

(c
2
o

4
)
3

•10H
2
o(25.84 mf per 10 mg Ce). 

Remarks: In these bbdts, the amounl:; of Y activity produced was :.> 10
3 

times 
the REactivity. 1-2 mg of holdback carriers or scavengers are used. 
See(63-3)for Europium separation from same target. 

8/24/4:9 . . . .. P-18-262 
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CHEMICAL SEP~'.R.I.TIONS 

Element separated: Samarium Procedure by: Ballou, Newton 

Target material: Thorium metal (.1-1 gm) 

Type of bbdt: 60 11 o.lpho.s 

TimG for sop •n: rv 2 hours 

Equipment required: Purified 
to.nk N2 (o2 & C02 free) 

Yield: ,5-25% 

Degree of purifico.tion: undetermined 

Procedure: The Th meto.l is dissolved in cone HCl + o. few drops of .2 M , 
(NH4 ) 2SiF~ solution to cleo.r up the blo.ck residue. The HCl is diluted 
to 2 ! o.na nn cliquot ta.ken. 

(1) 

(2) 

(3) 

(5) 

(6) 

(7) 

(8) 

. +3 +3 ' +3 
-·dd, 10 mg Co and Eu carrier + 10 mg Sm co.rricr, 5 ml cone. 
mro:2 n.nd ~ ml 27M HF; dilute to 35 ml, centrifuge o.nd wo.sh withrv 10 
m!. 1r2 0 + sovoro.l 'drops HF. 

Dissolve ppt in 1 ml so.t n
3

-:so3 + 3 ml cone mw~, dilute to rV 20 ml, 
ndd 2 ml 27 ~ HF, centrifuge and wa.sh ns in (1;. 

Slurry ppt of (2)vlith 1 ml snt H
3

B0
3 

solution o.nd dissolve in 
8 ml cone HN0

3 
•• idd 0.2 gm KBrO," + 20 ml 0.35 ~ KI03 sol 'n; cool 

and stir 2 minuto13. Centrifuge '& vmsh with H2o. (Ppt conto.ins 
Co o.nd Th~) 

.Add 12 ml 19 II l'To.OH to supn, cool o.nd centrifuge. Dissolve ppt in 
cone. IICl + H;so3 , dilute to 30 ml, add cone. Iill

4
0H, centrifuge 

and wash. 

Dissolve ppt in 3 ml 6 N HCl.dilut~add 5 mg La holdback carrier, 
and reppt with NH

4 
OH; cent;rifuge and wash. 

Dissolve the Sm(OH)3 & Eu(OH)
3 

with a minimum of~! HCl (not 
more than a few drops) and transfer to a sepe.ratory funnel with 
10-20 ml water. Add 8 drops of glacial HAc and 3 to 4 ml Na 
amalgam (0.3~q (Note 1). 

Shake for 5-10 seconds (Note 2) and transfer the Hg layer to a 
second separatory funnel containing rv 30 ml wa.,ber. Shake and 
then transfer to a third funnel also containing N 30 ml water 
(Note 3 )~ Shak•~ and transfer to a fourth funnel containing 
nJ 20 ml 2 N HCl. Shake until H

2 
evolution ceases (Note 4) 

Collect the Hg in a recovery bottle. and pass the water layer into 
a centrifuge tube. Add 5 mg La hold back carrier and precipitate 
with aoncentrated NR

4
0H. · 

(9) Repeat· . steps (6-8) twice (Note 5). 

(10) 

P-18-2-71 

Di~solve the Sm(OH) and Eu(OH) with 1 ml 6 N HCl and transfer 
to a 50 ml constric~ed neck cen¥,rifuge tube (IDm~;~ 20972) 
containing 0.5 gm amalgamated Zn. 
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(11) Dilute to ~8 ml, and heat the mixture with stirring using as 
a stirring rod a drawn out tube through which is passing a 
stream of carbon-dioxide free and oxyg;en free nitrogen (Note 6). 

(12) Using the same tube as a stirring rod, place the centrifuge tube 
in an ice bath and add 2!!?.op._ate-free NH4 OH to precipitate the 
Sm(O!!).... Close the tube with a tight fitting rubber stopper 

\) 

and centrifuge. 

(13) Decant into another tube and test for Eu by passing in ozone. 
Continue extracting Eu from the Sm as described above until 
no more Eu appears in the centrifugate. 

(14) Add 1 mg more Eu to the Sm(OH)3 and repeat steps (10-13). (Save 
all Eu residues.) 

(15) Dissolve the final Sm(OH)3 with a minimum of 6 ! HCl (not over 1 ml), 
dilute to IV 15 ml, heat w~ th stirring, and add 10-15 ml hot 
saturated oxalic acid with stirring. Filter through a filter 

Hates 

circle on a Hirsch funnel, and wash ~~ice with dilute oxalic acid, 
once with water, and once with alcohol: Ignite the sample and 
mount for counting. 

1. The Na should be cleaned with ether and be all~ted to dry before adding 
to the Hg. The amale;amation of the Na proceeds with considerable heat 
evolution, causing some volatilization o~ the Hg. Consequently~ the 
preparation of the amalcam should be done in the hood under nitrogen. 
The residue which is also formed can be removed by filtering the amalgam 
through a small hole in a filter paper. This residue which contains 
some amalgam can be washed several times with 'I.VS. ter and used.' Once 
formed, Na amalgam is relatively stable to water and air but decomposes 
readily in.acid solutions. 

2. Shaking much longer causes complete destruction of the Na. This should 
be avoided. On the other hand, sufficient time must be allowed for the 
Sm to amalgamate completely. 

3. I~o Sm is lost- in the water washings. Hence these may be discarded. 

4. Sm (and Eu) are completely removed by 2 N IICl. None of the other rare 
earth fission products are extracted in this step. If the yield of 
Sm appears low, add more amalgam to the first funnel and repeat the 
separation. Any Sm remaining in the first funnel should be saved. 

5. It is probably necessary to repeat paragraph (2) only once. However, 
this hus not been tested. 

6. The nitrogen from the tank is passed through a tube containing Cu 
heated toN 400° c. co2 is removed by passing the N2 through an Ascarite 
tube. Reduced Eu is readily oxidized by oxygen and lienee oxygen must 
be excluded. Carbon dioxide forms insoluble carbona-tes and must also 
be avoided. 

P-18-270 



0 ,n . 
.. · y o 0 7 U J J 4 I 

62-1 (page 3) 

See: L. YTinsberg 1 Paper 195 Radiochemical Studies: The Fission Products • 
Volume 9, Div. IV, of the National Huclear Energy Series, McGraw-Hill 
Publishing Co. (1950). 

This method hus been described previously (Phys. Rev. 75 17 (1949)). 

8/23/49 
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CHTimiTCAL SEPARA.TIOWS 

Element separated: Europi~~ 

Target material: Thorium (metal) 

Type of bbdt: 60 11 a's 

Procedure by: Newton 

Time for sep'n: 4 hrs. 

Equipment required: Tank N
2 (02 and co

2 
free) 

Yield: 40% 

De.gree of purification: 10
6 

except from R, E.; 1-.s 104 from R. Eo 

Procedure: The Th metal is dissolved in cone HCl + a few dro:~s of .2 M 
(NH4 )2SiF6 solution to clear up the black residue. The HCl is diluted 
to 2 ! ana an aliquot taken. 

(1) +++ +++ . To aliquot add 10 mg Eu and 10 mg Ce carr1ers. Add 8 ml 
cone mw

3 
and 20 ml 0.35 IL~ HI0

3 
soln. Ppt Th(I0

3
)
4

• Discard ppt. 

(2) To centrifugate add 19 M NaOH ppt Ce (OH)
3 

and Eu(OH)
3

• Centrifuge 
and wash ppt once with H2 0 • . 

(3) Dissolve ppt in 8 m1 cone HN0
3

, add 2 ml Zr and 20 ml HI0
3 

ppt 
Zr(I03 )4 ~ Centrifuge and discard ppt. 

(4) Add 19 ~ No.OH to ppt Eu(OE)3 and Ce(OH)3• Discard supernate. Wash 
ppt once with H

2 
0. 

(5) Dis sol1ee hydroxides in 1 m1 6 ! HC1. Add 10 mg each Ba nnd Sr 
car:r·iers, Puss in co

2 
free NH

3
, ppt hydroxides. 

(6) Repeat (5). 

(7) Dissol"'re ppt in 1 ml ·Hcl. Add Cb o.nd Zr carrier and 3 ml 27 NHF. 

(8) 

(9) 

Pr/,; OeF~ + EuF''2. \"ash p:;T!-js once, 
- ,) v 

tissolve 
NH

3
, ppt 

Dissolve 

ppt in 1 ml 6 N HCl and 1 ml sat H3Bo3• Dilute, pass in 
ftE (OH) 7 • 

v 

RE(OH)
3 

in 1 m1 6 N HCl. Pass in NH
3 

ppt RE(OH)
3

• 

(10) Dissolve RB(OH)
3 

in 1 m1 6 E, HCJ.. Add 0.5 gm Zn(Hg)~ Dilute to 
5 m1) pass 1n pure N

2 
through stirring rod~ Heo.t, stirring with 

rod through which gas is passing. P1uce in ice bath and pass in 
NH

3 
to ppt Ce (OH). Stopper tube and centrifuge. Pipette off 

supernate to another tube. 

(11) Dissolve ppt in 1 m1 6 ! HCl, dilute and repeat (10). 

P-18-173 
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To combined supernates of 10 and 11 add 1 drop NaOCl (6%) or 
pass in ozone. Ppt Eu(OH)3 • Centrifuge. Dissolve in 6 N 
HCl and repeat 10, 11 1 and 12. 

Dissolve Eu(OH) from (12) in 1 ml 6 N HC1. Dilute to 10 ml. 
Heat. Add 10 mT saturated H2c 2o4 

and-place in ice bath 10 min. 
Filter on weighed filter paper and wash three times with 5 ml ~0~ 
three times with 5 ml EtOli and three times with 5 m1 Et

2
o. 

Evacuate and weigh. 

(1) N
2 

gas must be 02 and co
2 

free. 

(2) Save all Eu residues, active or not.· Eu is ~~~emel~ rare and 
hard to get. 

This method hu been described previously in Phys. ~1ev. ~72_. 17 (19<:.9). 

8/ll/49 
P-18-160 
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Prepar~i~of Europium Carrier 

r.J 1.5 gms of europium oxalate originally prepared by McCoy was •purifie d. 
There are both a and 8- activities associated with this Eu and it is necessary 
to separate it in order to obtain a good carrier solution. 

The process was : 

(1) EuiqPJ?gnited and dissolved in HCl. 

(2) NH
4

0H passed in to ppt Eu(OH)
3

• 

{3) Eu(OH)
3 

dissolved in 10 ml 16 N Hl~03 ,zr++++ carrier added. 

(4) HI0
3 

added to ppt Zr(I0
3

)
4 

carrying all Th impurities. 

(5) 19! NaOH added to ppt Eu(OH) 3• 

(6) Eu(OH)
3 

dissolved in 6! HCl. Ba++ added and H
2
so

4 
added while 

hot to ppt BaSo
4

, currying Ra and MsTh activities. 

(7) Eu(OH)
3 

pptd with NH
4

0H, washed and dissolved in dilute HCl. 

(8) Zn(Hg) added to reduce Eu with N2 bubbling through solution~ Then 
NH3 passed into ppt R. E. and Ao hydroxides. Ppt redissolved in 
ac1.d and recycled since some Eu not reduced. 

(9) Eu++ oxidized with No.OCl and ppt'd as hydroxide, washed and dissolved 
in HCl as carrier. 

Standardization of Carrier 

Take 2 ml carrier solution, heat and ppt oxalate with H2c2
o • Cool 10 

min in ice bath, filter. Wash three times with 5 ml H20, three ~imes with 5 ml 
EtOH and three times with 5 ml Et

2
o. Dry by evacuation. Weigh as the oxalate. 

Ignite to oxide and weigh as the oxide. 

8/11/49 
.P-18-163. 

A. S. Newton 
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CHEMICAL SEPARATIONS 

Element separated: ~opium Procedure by: Goeckermann 

Target material: r-...J 1 g .Bi metal Time for sep'n: few hours 

Type of bbdt: 18411 all particles Equipment required: Centri­
fuges tubes, lusteroid cones, 
H2S tank~ NH

3 
tank, ozone 

generator. 

Yield: Eu approx. 15% 

Degree of purification: Eu decontamination factor> 104 from non-RE fission 
and spallation products. 

Advantages: Good for separating small amounts of Ce & Eu activity from 
large amts of non-REactivities. 

Procedure: Cerium and europium were purified together and then separated 
from the other rare earths. 

(1) To aliquot of IIN0
3 

soln of target add 20 w._: Ce, Eu and Y. Make 
2N in HCl vdth Zr, Cb, and Sr present and precipitate RE fluorides. 

(2) Dissolve and ropreci?itate RE fluorides from 2! HN0
3 

with 
Zr and Cb present. 

(3) Scavenge tw·ico with Bi2s3 and RuS from 0. 5 _!! HCL 

( -2 (4) Precipitate RE hydroxides twice li'Ti th NH
3 

co
3 

free) and Sr 
present. 

(5) Precipitate RE fluorides from 2N HCl twice with Zr and Cb present. 

(6) Scavenge with Bi2s3 and RuS from 0.3! HCl. 

(7) ·Precipitate RE hydroxides with NH
3 

three times with Sr present. 

(8) Precipitate RE oxalates from dilute HCl. 

(9) Precipitate RE fluorides from HN0
3

• 

(10) Repeat (7). 

(11) Displace air with o2 and C02 free N2, reduce with Zn amalgam, 
precipitate Y(OH)3 and Ce(OH)3 with NH~· Dissolve and reduce 
again, reprecipitate hydroxides. 0 

(12) Eu- Oxidize supernatants from hydroxide precipitations with ozone, 
precip~tate Eu(OH)

3 
Ylith NH~· Dissolve in HCl, add Ce, reduce 

to Eu'l- and prociplta.te Ce(bH)
3

• Repeat separation cycle three 
:imes. Precipitate Eu2 (c2o4 )3 like Y2 (c2o4 )3 and treat similarly. 
<vei,th as Eu2 (c2o4)3•10H20 (24.6 mg per 10 mg Eu). Sec (58-2) for 
corium s~p~ra.tion from the srum3 t~rgct. In thes: ~bdts, the amount 

'" "Of Y a.ctlVJ.ty produced wo.s-') 10 tlmos tho RE achv1ty. 1-2 mg of 

8/24/49 holdback carriers or scavengers arc usod. P-18-263 
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C:IDJMICAL SEPARATIONS 

Element separated: Hafnium Procedure by: Hicks, 
Wilkinson 

Target material: Lu2o
3 

Type of bbdt: 60 11 or 18411 

Time for sep 'n: 1/2 hr .-1 hr. 

Equipment required: 
lusteroid tubes 

Yield: Very good 

Degree of purification: veqr good 

Procedure: 

(1) Dissolve tu2o3 in HNO~, add carriers (see remarks). transfer to 
lusteroid, neat in wa uer bath o.nd o.dd 5. co cone. HF. 

\ 

(2) Digest LuF
3

, centrifuge, add several mg La+++ to ppt LaF
3

, digest, 
centrifuge. 

(3) 

(4) 

Remarks: 

6/25/49 

P-18-13 

Mnke 3 N in HN03 and HF (sol 'n at room temp, since EaHfF6 will not 
dissolve if precipitated hot.) and add enough Ea ++ in the cold. 
to ppt &.HfF 6• Vl<'lsh with water. 

Dissolve in HN03-H
3

Bo3 mixture (8-10 ~ HN03 saturated with H3Bo3h 
precipitate Hf02 Wlth NH40H, centrifuge ana wash. 

About 20 mg samples of Lu2o3 have been bombarded. Holdback carriers 
added in (1) can include I mg portions of as many elements forming 
soluble fluorides o.s thought necessary by the conditions of the 
bombardment. Zr can be used as carrier for Hf. 

The EaHfF6 precipitation described here is specific for Hf and Zr. 



0 0 ,, 0 0 7 0 J J 4 7 
72-2 

CiffiU CAL SEPARATIONS 

Element separated: Hafnium Procedure by: Hicks 1 

Wilkinson 

Target material: Ta, Hf0
2

, W 

Type of bbdt: 60 11 or 184 11 

Time for sep'n: 1/2 hr.-1 hr. 

Equipment required: 
Platinum dish 
lusteroid tubes 

Yield: very good 

Degree of purification: very good 

Procedure: 

(1) 

(2) 

(3) 

(4) 

Dissolve "':'T, T::., and IIf0
2 

in HF and HN0
3

, transfer to lusteroid tube 
and add carriers. (See remarks.) 

mg +++ 
Heat in hot water bath, add sever€'.1 I.a to ppt LaF

3
, centrifuge. 

repeat LaF 3 ppt. 

Make supn 3 N in HNO and HF, making sure solution is at room 
temperature for BaHfF

6 
vJill not dissolve if precipitated hot. 

Add enough Ba++ to completely precipitate Ba.HfF
6

• Wash with 
dilute HF and then water. 

Dissolve Ba}~fF5 ~n HNO -H3Bo3 mixture (8-10 !1 HN03 saturated with 
H3B03 ), prec1p1'taT;e HfCY2 vdth NH

4
0H, centrifuc;e and wash with water. 

Remarks: Gram amounts of Wand Ta are usually bombarded. Hf0
2 

is bombarded in 
about 20 or 30 mg samples. 

G/25/49 

P-18-12: 

Add any holdback carriers (of elements forming soluble fluorides 
and Zr) necessary here in mg amounts. Zr can be used as carrier 
for Hf. 

The Ba.HfF 
6 

precipitation described here is specific for Hf and zr. 
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CHEMICAL SEPA:lATIONS 

Element separated: Tantalum Procedure by: Hicks, 
Wilkinson 

Target material: Lu
2
o

3 

Type of bbdt: 60 11 or 184 11 

Time for sep'n: 1/2 hr-1 hr. 

Equipment required: 
lusteroid tubes 

Yield: very good 

Degree of purification: very good 

Procedure: 

(1) 

(2) 

(3) 

(4) 

6/25/49 

P-18-15 

Dissolve tu2o~ in HNO , transfer to lusteroid tube and add Ta carrier. 
(Ta 2o

5 
may pp't' but wiTl dissolve in HF) 

Hea.t sol 1n in water bath, add 5 cc cone. HF, digest for 2 - 3 minutes 
until To.

2
o5 dissolves and flocculent WF3 precipitates. 

Centrifuge, add several mg La+++, digest flouride as above and 
centrifuge. 
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Element separated: 

Target :rna terial: 

CHEMICAL SEPARATIONS 

Tantalum 

W Ta Hf , ,. 
Type of bbdt: 6011 or 18411 

Yield: very good 

Degree of purifica ticn: very good 

Procedure: 

Procedure by: Hicks, 
Wilkinson 

Time for sep'n: 1/2 hr.-1 hr. 

Equipment required: 
Pt dish, lusteroid tubes 

(1) Dissolve vY, Ta or Hf0
2 

in HF and HN0
3 

in Pt dish. 

(2) Transfer solution to lusteroid tube and add any holdback carriers 
necessary. (Zr works well as carrier for Hf). lJake solution 
3N in HN0

3 
a.nd HF. Add enough Ba++ to ppt white BaHf'F

6 
completely, 

centrifuge, and repeat. 

(3) Saturate solution wHh solid I{F or IiliF? to ppt ItzTaF
7 

(white), . 
centrifuge, and wash with cone. KF sol '~'n. 

Remarks: ·Wand Ta usually bombarded in gram amounts, Hf usually in lots 
of 20-30 mg. 

6/25/49 

P-18-10 

This I<zTaF
7 

pptn specific for Ta and will not carry down Cb. 
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CBE1ITCAL SEPARATIONS 

Element separated: Tungsten 

Target :mo. terial: Tc~ntnlum 

Type of bbdt: 60" or 1E4" 

Yield: ... r~ 100% 

74-1 

Procedure by: Hicks, 
~Tilkinson 

Time for sep 'n: l/2 hr. 

Equipment required: 
Sep. funnel 
Pt dish 

Degree of purification: Separates 105 c/m completely from Tn nnd spallation 
products. 

Procedure: 

(1) Dissolve ~, in HF and minimum of HN0
3

• Add 20-30 mg IT carrier 
(No less). 

(2) Destroy all Irno3 with hydroxylamine or hydrazine. 
in HCl, add 0.1 gm solid .SnC12, 0.5 gm NH

4
SCN, nnd 

complex all HF as HBF 
4 

in that order. 

Make about 2N 
H

3
B o

3 
to 

(3) Heat until a bright apple green complex appears, transfer to a 
sep. funnel, and extract twice with at least equal volume ethyl 
acetate. 

(4) Wash organic layer twice with equal volume 2! HCl, and evaporate 
organic layer to dryness. 

(5) Take up the blue residue with 6 N HC1 nnd 1 drop 30% H2o2 (or 
cone HN03 ) and 1 drop aerosol. Bright yellow wo3 precJ..pltates 
after digestion on a hot water bath~ 

(6) Centrifuge o.nd wash rro3 with 6 _!!acid. Then dissolve in 1 cc 
6 N NH4 0H, centrifuge and discard any ppt. Ferric hydroxide 
scavenges (with 1/2-1 mg Fe+++) :may now be used for further 
purit-y but usuo.l1y- are not necessary. 

(7) Add 5 co cone. HN03 and 1 drop of aerosol, digest on n hot water 
bath, centrifuge and wash wo3 formed with 6! acid. 

Remarks: WF6 boils at 19° C so don't boil target sol'n any more than necessary. 

6/25/49 

P-18-16 
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CHE:diCAL SEPAM'l'IOHS 

Element separated: Rhenium Procedure by: Hicks, 
Wilkinson 

Target material: To., rr Time for sep tn: 1/2 hr. 

Type of bbdt: 60 11 or 18411 Equipment required: 
Pt dish 
lusteroid test tubes 

Yield: V'llOQ% 

Degree of purification: very good 

Ad van ta.ges: Fast and easy with ·good purification 

Procedure: 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

6/25/4:9 
P-18-14 

Dissolve Wand To. in HF with a. minimum of HN0
3 

in platinum disk, 
and Re carrie-r o.dded. 

H2S is po.ssed into the boiling solution for 15 minutoz precipito.ting 
black Re

2
s

7
• Centrifuge and wash in a lusteroid test tube. 

Dissolve Re 2s7 _in 3 cc 1 ~ NnOH and 1 drop 30% H2o2 nnd tr~nsfer 
to .glass centnfuge com. 

Scnvenr;e twice or three times VJith Fe (OH)
3 

( V> 1 mg Th +++). 

Reprecipitate ~e2s 7 from strong HCl solution (add 10 cc cone. HCl), 
centrifuge and wash. 

This procedure gives excellent purity. but for additional purity, 
the sulfide can te trn.ns.fe:r-rcd to a st~ll with H.,,S04 and the 
volatile oxide Cl.istilleC. in a currant of air and"' co. tching the 
distillate in cone on tra ted NaOH. 
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CHEMICAL SEPARATIONS 

Element separated: Osmium Procedure by: Folger & Hicks 

Target material: v"' 4 g uranium metal Time for sep'n: ll\ 2 1/2 hr. 

Type of bbdt: 18411 all high energy particles Equipment required: Glass 
stills ("Ruthenium Stills"). 
centrifuge, cones, ice bath, 
reflux condenser. 

Yield: Lf\30% 

Degree of purification:~ 104-105 from other fission products. 

Advantages: Fairly rapid, simple method of obtaining Os from bulk of F.P~ 
activities. Operations are readily adaptable to semi-remote control, 
and the activity level drops rapidly after the first separation. 

Procedure: HAVE NO 110
3
- PRESENT BEFORE STEP 3. 

(1) Use lA 20 mg. Os carrier and dissolve target in cone. HCl under 
reflux. Add Ul 5 mg Ge carrier and boil with cone. HCl (GeC1

4 
is 

driven off,). 

(2) Add I- and ro
3

- (slight x 1 s ·I.-) and boil to remove I
2

• 

(3) Add conc •. HN03. (Sol'n is already CA 10 N in H+. 
it V\ 6 N in N0

3
-) and distill in an air stream. 

6 N NaOH in an ~ce bath. (Gives orange sol 1n). 

Add BNO to make 
Catch ~so4 in 

(4) 

(5) 

Pass in H
2
s to ppt Oss

2 
(black). Acidify with cone. HCl to Vl 1 N 

and centr~fuge. Wash {Use Aerosol and heat to aid coagulation. 
Addition of IGro

3 
might help). 

Dissolve sulfide in cone. HN0
3 

and redistill (distillation should 
proceed from 8-10 N HN0

3 
in an air stream), Catch Os0

4 
in 6 N 

NaOH in an ice bath. 

(6) Repeat 4. (The wash may be made with u·~r 1 !IT HCl if desired). 

(7) 

(8) 

(9) 

P-1.8-13!; 

Dissolve the sulfide in cone. HClO • Add Mo holdback (t11 5 mg) 
and 2 cc ·cone. H P04 (complexes MOJ. Distill in an air stream, 
catching Os0

4 
in

3
6 N NaOH in an ice bath. 

Repeat 6 and 7. 

Make slightly acid with HCl. Reduce with Mg metal to some lower 
oxidation state of Os (to prevent loss of Os04 ). Boil. Add Mg 
and HCl as needed to completely ppt Os metal. EOCcess Mg may be 
removed by washing with ·warm 2·6 N HCl. Weigh as Os metal. 
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Remarks: 

(1) CAUTION 00 04 is extremely toxicl 

(2) In step 4 an attempt is made t,e remove most of the' Cl- from the 
sulfide so that upon dissolving and distilling:, GeC14 will not be 
carried over. This should no longer be necessary in step 6. 

(3) Any Ru contaminant remaining after step 5 will likely be carried 
through the rest of the procedure. For additional purification 
repeat steps 4 and 5. 

(4) If Iodine is .a likely contaminant, repeat step 2. 

8/4/49 
P-18 .. 131 
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CHEMICAL SEPARATIONS 

Element separated: Osmium Procedure by: Chu 

Target mo. te ria.l : Rhenium Time for sep 'n: rJ 20 min. 

Type of bbdt: 6011 Equipment required: 
Distilling flask 

Yield: N 100% 

Degree of purification: Factor of 100 from other activities present. 

ll.dvn.ntar;es: Simple 

Procedure: 

(1) Pour the Re porrder into the distilling flt\sk. 

(2) Add 10 mg Os carrier a.nd close the flask. 

(3) Insert the outlet tube of the flask into ice cold 6 N lYciOH soln 
(10 cc) 

(4) Introduce 3 cc cone IIN0
3 

through the inlet tube of the flask. 

(5) Supply a. little a.ir through the inlet tube and hen t the flask 
gently for the solution of Re a.nd the distillation of 0s0

4 
for 

about 10 min. 

(6) Neutrc.lize and then acidify the No.OH soln Hith 6 N HCl. 

(7) Add 3 cc 10% sodium thiosulfate and heat in water bnth. 

(8) Filter a.nd count o.s the brown osmium sulfide. 

Remnrks: 

For iridium sepo.ro.tion from so.me target see (77-4). 

8/17/49 

P-18-2-44 
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Solution of IridiQm metnl 

Place Ir i'n glass bomb tube of 10 cc. V0lume cooled in liquid N2 • 

Add 5 cc- cone. HCl and 0.5 gm NaCl0
3

• Senl tube with other end in 

Uquid N
2 

and allow to warm to room temperature. Heat in furnace 300°C for 

= 3 hours. Ir metal is dissolved to the deep red IrC16 

O. D. 
15mm 

heavy 
walled 
tubing 

Approximate tube dimensions: 

1" J 
··1"2" --jf 

8 or 9mm heavy 
walled tubing 

Caution: Place tube in iron pipe plu[ged at both ends upon removal from 

liquid N
2

• Danger of tube exploding during the heating. 

Remnrks: See E. 17ickers, 17. G. Schlect & C. L. Gordon 
J, Nat. Bur. Stand. Research~~ 363 (1944) 

Hicks and 'filkinson 

P-18-2:7 
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CHEMIC.ll.L S'i;PARATIONS 

Element separated: Iridium Procedure by: Thompson & 
Rasmussen 

Target material: Iridium foil Time for sep'n: 1 hr. 

Type of bbdt: 184<~ protons (any energy) Equipment required: Small 
porcelain crucible. 
transfer pipettes, centrifuge 
tubes 

Yield: ~50% (depending on step 3) 

Degree of purification: At least factor of 100. 

l~dve.ntages: A simple, reasonably fast procedure for solution and separation 
with a target metal (Ir) extrerr~ly resistant to dissolution in aqua 
regia. 

Procedure: 

P-18-114 

(1) 

(2) 

(3) 

(4) 

(5) 

Fiiuke a melt of KOH and KNO (flpprox. 50-50 1 not critical) in a 
small porcelain crucible, Xeating strongly over a Fisher burner. 

To this hot flux add the target Ir metal, cont~nuing to heat 
(and adding KOH if volume of flux gets too small) until the metal 
is completely dissolved. (For a small strip of 1 mil foil this 
should take no longer than 5-10 min.) 

Allow flux to cool, then leach for 1.1'15 min. with cone. HCl, adding 
Au and Pt carriers in small amount. (Ir gives strong blue colored 
sol'n) 

Extract twice with ethyl acetate to remove Au. 

Add a little SnC12 solution in HCl to the aqueous phase until a 
dark red coloration (~PtC14 ) indicates the reduction of Pt from 
+4 to +2 state is complete. (See remarks.) 

(6) Extract the red coloration (Pt) into ethyl acetate. nash organic 
layer ~vice with equal volume of 3N HCl. 

After complete removal of Au and Pt. Ir can be extracted as follows: 

(7) Reoxidize the aqueous phase from above by addtfion of a small 
amount of 30% H2o2 • (Reappearance of blue Ir coloration.) 

(8) Add a little NH
4 

SCU solution. (Blue changes to beautiful pink.) 
A precipitate of' (Ir) (SCN). forms slowly. (The rate of pptn is 
slow enough that one ~ay ~u~e use of tho fact that the pink compound 
is extractable into ethyl acetate.) 
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The extraction of the pink compound has the advantage of quickly 
removing the Ir from the original solution, which usuo.lly has 
enough silica dissolved (from crucible) that the whole solution 
will gel if allovted to stand. 

The pink compound ppts from the ethyl acetate on standing. 

As most Ir foil contains about 1,/")l% Pt impurity, it is well to provide 
a step for extraction of Au activities, v;hether or not the Au is des ired 
for later work, even if it is simply a proton bombarded Ir foil, 

On Sncl2 reduction the strong blue coloration of Ir(+6?) disappears, 
permitt1ng tho red of reduced H2PtC14 to be seen. 

By spending more time leaching the melt in (3) and by using several 
portions of leaching ar,ent the chemical yields might be mo.de almost 
quantito.tive. 

7/27/49 
P-18-115 
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CHEITICl•L SEPARATIONS 

Element sopnrutcd: Iridium Procedure by: -,-Jolfc 

T~rgct ~tcrinl: Uranium metal (~ 1 gm) Time for sop 'n: r>J l 1/2 days 
when scpo.rn tod with 
Pt and Rh 

Typo of bbdt: 388 Hev nlphas Equipment required: Special 
distilling flnsk, 
centrifuge, sop. funnels 

Yield: 3-5% 

Doeroe of purification: At least 104 from all fission products except 
rhodium. 

Procedure: 

(1) 

(2) 

(3) 

(4) 

(5) 

Cut out the central portion of the tt\rgct and boil with .cone HCl 
to dissolve it o.nd to expel Ge. 

l~dd 5 mg I- and ro
3

- and boil the solution ngcdn to expel iodine. 

Add 20 mg Os~ Ir, Pt and Au carriers plus 20 mg Er- 1 Ru, Rh and 
Pd carriers. VV'ithdraw o. 20% aliquot for Inter determinations of 
Bn, Ru, and Rh. 

Plnce the re~ining solution in ~ special nll-glnss distilling 
flask having a thistle tube entry o.nd nn air entry. Add concentrated 
HN0

3 
through the thistle tube, and distill 0so4 into 6 N No.OH in 

nn ~co bath. (Save for Os determination {76-lJ. -

Place the residue from tho Os distillation in n banker, o.dd 10 
ml 70% HCl0

4 
c..nd boil tho s elution to fumes of h'Cl04 to c:~el Ru. 

(6) · Dilute tho solution, o.dd 5 mg more Ru co.rricr, and 5 mg more I- o.nd 

(7) 

(8) 

(9) 

(10) 

(11) 

P-18-249 

I0
3

- o.nd repent tho fuming. 

Add one ml dilute HCl, dilute tho solution to 4 N nnd extract 'b.vice 
with equal volume butyl acetate to doconto.mino.tc-from Hg o.nd from 
Au. 

Dilute the solution to ,.v 0. 5 N in H+, add 5 ml dimethylglyoxi:me 
solution (1% in alcohol) und filter off the po.llndium ppt. 

Add cone HCl to supn to make ~5N. 
++ -chorryrcd of Pt is uppnront. 

Ldd SnC1
2 

dropwiso until the 

Extract the Pt with three equul portions of butyl acetate. 

Fums the aqueous lnyor with HClO to prepare for tho pyridine 
extrc.ction of Rh a.nd Ir. (CAUTI~U: Siroe tho solution contc.ins 
organic muterial (dimothylglyoximo and butyl acetate), co.ro must 
be tc:.kcn to nvoid nn explosion. Following tho method of Noye·s­
nnd Bray fo·r· do_s.ti~oying organic" nn tcric.l with HClO 

4 
add HN03 to 

tho solution, evaporate on c, steam bath for onc-ho.If hour, then 
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(14) 

(15) 

(16) 

(17) 

(18) 

(19) 
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heett gently to fumes of HC104 • Add o.n etddi tionc.l 10 ml of HClO 
o.nd fume the solution stron3Iy for severnl minutes to destroy %he 
chloride complex of Rh c..nd Ir. 

Cool the solution, dilute to 4 ! etnd etdd 20 ml pyridine. 

Boil the solution for five minutes, plo.ce in o. scpc..ratory funnel, 
and add 19 N Na.OH to separate tho frce-bo.se pyridine layer (the 
high concentration of No.OH is merely to keep- the volume low.) 

Wnsh tho dark blue pyridine lo.ycr three times with equal volumes 
of dilute HCl, separating the layers ouch time with 6 ! NaOH. 

Add o. few drops of 6 N' NaOH to the pyridine la.yer o.nd ova.poro.te 
the pyridine off. -

FUss ~S into the boiling o.lkuline solution for several minutes, 
while the solution is a.cidificd dro~!isc with HCl. Sulfides of Rh 
nnd Ir ppt. 

Dissolve tho ppt in n little aqua. regia., cmd fume strongly With 
cone H2So

4 
to convert completely to tho sulfate complex. 

Dilute the solution with wo.tor twenty to one, boil ::-.nd ppt Rh mcta.l 
by adding TiC1

3 
drop~isc until o. very slight excess is present. 

Dilute the supn (containing Ir) to 0.5 N in H+; cool in icc a.nd 
ppt Ti with cupfcrron. Filter off. -

{20) Add 5 mg Pd a.nd Pt carriers and ppt the Pd dmg. Discard. 

(21) 

(22) 

(23) 

(24) 

(25) 

Rcmetrks: 

Hca.t tho superna.tc..nt to boiling o.nd neutralize to tho 
purple end-point with Na.HC0

3 
solution, adding bromo.tc 

tho iridium up to the plus four state. Hydro. ted Iro2 loo.ving Pt in solution. 

brom cresol 
to oxidize 
is prec ipi ta. ted 

Dis sol vc the ppt in a. li ttlo cone HCl, a.nd o.dd a. fow mg of Rh currier. 

Fume with H2so
4 

o.nd repent the Rh pptn with TiC13 (stops 18-21). 
Although the T1C1 3 pptn of Rh l~nves only o.bo ut 0.1% of tho Rh in 
solution, Rh activity mo.y be 10 times o.s high as tho.t of Ir 
o.nd hence a. single separation mo.y still leuvc several times o.s much 
Rh activity in solution a.s Ir activity.) 

After tho Rh pptn, ppt mctnllic Ir from tho HCl solution of the 
Ir02 by addition of powdered magnesium. 

Weigh tho Ir to determine chomico.l yield a.nd count. 

Rh, Ir, and Pt should bo scpo.rated from one bombardment lcnving Os, Ru 
and Pd for o. second bombardment unless sevcro.l people o.rc cooporc..ting on 
tho procedure. 

The yield of activity of Os, Ir, nnd Pt is very low in compo.rison vii th 
P-18-248 
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that of the other platinum metals and mny other fission products formed 
in the bombardment. This fa.ct necessita.tcs, for Ir o.nd Pt, rigorous o.nd 
repented dcconta.minntion procedures which result in low chomico.l yields. 

For other platinum mcto.l-fission product sopo.ro.tions sco2 

Plo. tinum; 78-3 
Osmium; 76-1 
Ruthenium; 44-2 
Rhodium; 45-l 
Pc.llo.dium;46-5 

This procedure should be practiced several times before a.ctua.lly a.pplyinr. 
it to a. bombo.rdment, since in several of.tho steps the conditions for 
separation nrc quito critica.l. For this ronson and for its poor chemical 
yield, this procedure is not considered a. good procedure. To date, however, 
it is the best procedure t~~t has been worked out for ma.king the required 
separations. It is an o.ccopt~blc procedure from which some radioactivity 
da.ta. my be obtninod nnd cnn serve as a. stnrting point for work on other, 
better procedures. 

8/17/49 

P-18-247 
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CHEill.CAL SEPAM IONS 

Element sepa.ro. ted: Iridium --·- Procedure by: Chu 

Target materic.l: Rhenium Time for sep' n : r0 1 hour 

Type of bbdt: 6011 

Yield: 70% 

Equipment required: distilling 
flask 

Degree of purification: Factor of 100 from other activities present 

Advan tv.ges: Simple 

Procedure: 

(1) Pour the Re powder into the distilling flask. 

(2) Add 10 mg Os currier and close· the flask. 

(3) Insert the outlet tube of the flask into ice cold 6 N No.OH soln 
(10 cc). 

(4) Introduce 3 cc cone HN03 through the inlet tube of the flask. 

(5) Supply o. little air through the inlet tube and heat the flask 
gently for the solution of Re and the distillation of oso4 for 
about 10 min. 

(6) .. A.dd 10 mg Ir carrier to the Os-removed nto.rget 11 soln o.nd evuporn te 
to dryness. 

(7) Tr:-cke up the residue with 3 oc H20 and add 5-6 co cone. formic acid. 

(8) Heat in boiling H2o bath for 10-15 min. 

(9) CentrifUge the pptd Ir. Reprecipitation may be used for further 
purity but usually is not necessary. 

Remarks: For osmium separation from scrne target see (76-2). 

8/17/49 
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CHEl,ITCAL SEPARATIQ}JS 

Element separated: Platinum Procedure by: Wilkinson,Hicks 

Target :rw.terial: Pt, Ir, Au, Hg Time for sep 1n: 1 hr.- 4 hrs. 

Typ; of bbdt: 60", 184" bombardments Equipment required: 
sep. funnel 

Yield: 1/\ 100% 

Degree of purification: Deco:J.tamino..tes well from Au, Ir, _& Hg 

Advantages: Carrier free Pt can be obtained pure. 

Procedure: 

(l) Dissolve ta.r~ets (e:roept Ir) in HCl with minimum of mm3 • (For Ir 
see 77-1). 

(2) Add Au, He, Pt & Ir carriers as needed. Extr:::tct the s elution with 
at least equal volume ethyl acetate twice to get rid of Au (chloride 
concentration need only be above 1 N), with gold added for the 
second extraction. 

(3) Destroy 0.11 nitrate with hydroxylamine, or hydrazine, then add 0.1 
gm. ~nc1 2 • Centrifuge out any ppt (Hg2Cl ) • The red color is 
PtC1

4 
wh1ch is extracted into ethyl aceta ~e. 

( 4) Organic layer is washed twice with equal volume 6 N HCl, then 
evaporated to dryness. 

(5) Residue is taken up in 2 liJ HCl, Pt metal is precipitated with 
magnesium metal in form of powder or dust. (Don't usc Zn since 
forms slow dissolvin5 sponge.) 

Remrks: See G. 1'!ilkinson, Phys. Rev., 73, 252 (1948). Also see G. Hilkinson, 
Phys. Rev.~· 1019 (1949). 

6/25/49 
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CHI:HICAL SEPARATIONS 

Element separated: Platinum Procedure by: Thompson & 
Hasmussen 

Target material: Iridium foil Time for sep 1n: 1/2 hr. 

Type of bbdt: 184 11 protons (any energy) Equipment required: 
small porcelain crucible 
transfer pipettes 
centrifuge tube 

Yield: V\ 70% depending upon step (3) 

Dogroe of purification: at least factor of 100 

Advantages: A simple, reasonably fast procedure for solution and separation 
with a target metal (Ir) extremely resistant to dissolution in aqua 
rcr;ia. 

Procedure: 

(l) Ma.ke a melt of KOH and KN0
3 

(Lil 50-50, not critical) in a small 
porcelain curcible, heating strongly over a Fisher burner. 

(2) To this hot flux a.dd the target Ir metal, continuing to heat 
(and adding KOH if volume of flux gets too srrall) until the 
metal is completely dissolved. (for a small strip of 1 mil foil 
this should take no longer than 5-10 min.) 

(3) Allow flux to cool, then leach for "'5 min. with cone. HCl, 
adding Au and ~t carriers in smull amount. (Ir gives strong 
blue bolored sol'n) 

(4) Extract tl.vicc with ethyl acetate to remove Au. 

(5) Add a little SnC12 solution in HCl to the aqueous phase until a 
dark red coloration (H2PtC1

4
) indicates the reduction of Pt from 

+4 to +2 state is complete ~Sec remarks.) 

(6) Extract the red coloration (Pt) into ethyl acetate. Wash organic 
layer i:Nvico vri th equal volume of 3N HCl. 

(7) Plate organic layer & flame. 

Remarks: 

P-18-117 

.As most Ir foil contains about ~ 1% Pt inpuri ty, it is well to provide 
a stop for extraction of Au activities, whether or not the Au is 
do·sirod for later work, even if it is simply a proton bombarded Ir. 

On SnC1
2 

reduction the strong blue coloration of Ir(+6?) disappears, 
permitt1ng the red of reduced H

2
Ptcl

4 
to be seen. 
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By spending more time leaching the melt in (3) and by using several 
portions of leaching agent the chemical yields might be mnde almost 
quanti to. ti ve • 

For Au scp'n from same target see (79~4). 

For Ir sep'n from same target see (77-2). 

Tl if present should be chocked for interference with this procedure. 

7/27/49 
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CHEHICAL SEPll.RA TIONS 

Element scpo.rntcd: Pl~tinum Procedure by: Wolfe 

To.rget mo. tcrio.l: Ur(mium mota.l (rvl gm) Time for scp 1n: C'\.)11/2 days 
when sepo.ro. ted with Ir & Rh. 

Typo of bbdt: 388 M:Cv c.lpho.s Equipment required: Special 
distilling flask, centrifuge, 
sop. funnels, sto.ndo.rd 

Yield: rv 5 % 

Degree of purificntion: At least 104 from all fission products. No impurities 
detected in ro.dioactivitics. 

Procedure: 

(1) Cut out the ccntml portion of tho to.rgot a.nd boil with conccntrotod 
HCl to dissolve it and to expel Gc. 

(2) Add 5 mg I- nnd ro
3
- and boil the solution again to expel iodine. 

(3) Add 20 mg Os, Ir, Pt, a.nd Au curriers plus 20 mg Bo., Ru, Rh o.nd 
Pd curriers. ~Vi thdra.v1 1:', 20/! aliquot for later dotormina.tions of 
En, Ru o.nd Rh. 

(4) PlQco the remaining solution in a. special all-glass distilling 
flask having c. thistle tube entry a.nd an o.ir entry. Add conccntra.tcd 
HN0

3 
through the thistle tube, a.nd distill OsO'-'. into 6 ~ Na.OH in 

o.n ~co ba.th. (Save for Os determination (76-lj). . 

(5) Pk.co tho residue from tho Os distillation in a. bca.kcr, a.dd 10 ml 
70% HC10

4 
a.nd boil the solution to fumes of HC10

4 
to eJ...-pcl Ru. 

(6) Dilute the solution, a.dd 5 mg more Ru currier, and 5 mg more I a.nd. 
ro

3
- nnd rc pca.t th.:; fuming. 

(7) Add one ml dilute HCl, dilute the solution to 4 Nand extract 
tvricc with cqua.l volume butyl o.cctn.tc to doconta.iiiina.te from Hg 
and from Au. 

(8) Dilute the solution to """0.5 N in H+, a.dd 5 ml dimethylglyoximo 
solution (1% in alcohol) a.nd filter off the palladium ppt. 

(9) 

(10) 

(11) 

(12) 

Add cone HCl to supn to ma.ko tV 5 N. 
chcrryrcd of Pt++ is a.ppa.rcnt. 

Add SnC12 dropwise until tho 

Extra.ct the Pt with throe cqua.l portions of butyl o.ceto.tc. 

Wo.sh the plo.tinum out of tho organic la.yor with 6 N Nc.OH, o.cidify 
to 5 N HCl a.nd rccxtra.ct into butyl o.ccta.tc. Ropont cycle. 

VVo.sh Pt from or~o.nic lo.ycr into 6 N Na.OH o.nd ppt PtS from this 
o.lka.linc solution gradually a.cidifTod to 6 !· 

(13) Dissolve tho sulfide ppt in a.q~ rcgin, ma.ko o.lkalino c.nd sco.vongo 
P-18-180 
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70-3 (page 2) 

twice with 5mg pptns of I..u (OH)
3

• 

(14) Buffer tho supn vri th acok to o.nd scavenge three times with 
1 mg pptns of Ho c..nd Pd wi-th 8-hydroxy quinoline, 

(15) I/hkc solution o.cid a.nd ppt plo.tinum metal with powdered magnesium. 
fivigh tho mcta.l to determine chomical yield a.nd pla.tc. 

Rc:mo.rks: 

Rh', Ir a.nd Pt should be sof.O.ra.ted from one bomba.rdmont loa.vinr.; Os 1 Ru 
a.nd Pd for n second bombardment unless scvcra.l people nrc cooporr.ting on 
the procedure. 

'!he yield of activity of Os, Ir, c..nd Pt is very low in compc.rison 
with that of tho other platinum mctc..ls a.nd rnn.ny other fission products 
formccl in the bombardment. This fa.ct nocossi to.tcs, for Ir nnd Pt, rir;orous 
c..nd repoc. ted decontnmin..'\ tion procedures r1hich result in low chemicc..l yields. 

For other pla.tinum motnl-fission product sepo.rntions sco: 

8/16/49 

P-18-179 

Iridium: 77-3 
Osmium: 76-1 
Ruthenium: 44-2 
Rhodium; 45-1 
P.:llladi um; 46-5 
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CHEMICAL SEPARATIONS 

Element separated: Gold Procedure by: Wilkinson, Hicks 

Target material: Pt, Ir, Hg, Au Time for sep'n: 1/2 hr - 4 hrs. 

Type of bbdt: 60 11 or 184" cyclotron Equipment required: sep. 
funnel 

Yield: V) 100% 

Degree of purification: Decontaminates well from Pt, Ir & Hg. 

Advantages: Carrier free Au can be obtained pure within 15-20 min. after 
solution of target. 

Procedure: 

(1) 

(2) 

(3) 

(4) 

(5) 

Remarks: 

6/25/49 
P-18-ZS 

Dissolve Pt, Au, or Hg in aqua regia. 
To dissolve Ir metal: (see 77-1). 
{AuCl0 carrier may be added here) 

Chloride ion must be greater than 6 N (Hg extracts), and the 
solution shaken with an equal volume of ethyl acetate (gold in organic 
layer) and layers separated. 

~'lash ethyl aceto.te layer t\'.fice with equal volume 6 ! HCl. 

Evaporate ethyl acetate layer to dryness & take up residue in 1 N 
HCL 

+3 Bubble in S02 to reduce Au to Au in the hot. 

Soc: G. Wilkinson, Phys. Rev. 73, 252 (1948) 
See also: G. Wilkinson, Phys. Tev. ~~ 1019 (1949) 
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CHEMICAL SEPARATIONS 

Element separated: Gold 
/ 

Target material: Tracer mercury 

Type of bbdt: Hilking experimert 

79-2 

Procedure by: R. w. Fink 

Time for sep 'n: l..f'\ 10 min. 

Yield: Can be quantitative if several extractions made. 

Degree of purification: 3 at least 10 .from I~ activi~ present. 

Procedure: 

(1) Tal:e Hg tracer in 4 ml of U1 3 N HCl and extract with 500 l\of 
isoamyl acetate. (The presence-of at least 0.1 N Cl- is required 
for a sepn from Hg.) - Au into the organic layer. 

(2) 1'!ash the organic layer with equal volume sat NH4Cl sol'n to insure 
sep 1n from Hg. 

(3) Plate organic layer for Au sample. 

Remarks: Tl if present will follow Au in the solvent extraction. 

7/12/49 
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CHEliTCAL SEPARATIONS 

Element separated: Gold (quick procedure) 

Target material: Gold in leaf form (.004 mil) 

Type of bbdt: 184" Hie;h emrgy protons. 

Yield: v. lOO% 

79-3 

Procedure by: Thompson & 
Rasmussen 

Time for sep 1n: 4-10 min. 

Equipment required: 
Centrifuge tube. Micro­
pipettes 

Degree of purification: ·Adequate separation from Hg. and spallation products, 
at leas·b factor of 50. 

Advantages: Extreme speed and simplicity combined with reasonable purificatiO:t:J.· 

Procedure: 

(1) Dissolve Au in warm 6U aqua regia (2N HN03, 4n HCl) in centrifuge 
tube. Work in small vulume (1-2 ml. )- -

(2) ACJ.d hold-back carriers for Hg, Pt, Ir, and Os (V\1 mg each). 

(3) Add (l to 1/2 ml.) ethyl acetate. Agitate, mixing phases with 
transfer pipette. (Yellow color of gold quantitatively extracts 
into organic phase.) 

( 4) ' Vlash the separated ethyl acetate phase once or twice with 6 N 
aqua regia. (Any wash of hir:sh chloride concentration serves to 
remove Hg, although Tl. if present may not be entirely washed out.) 

(5) The solution of Au in ethyl acetate may now be rapidly evaporated 
on a plate for counting or subjected to further specific gold 
chemistry. 

Remarks: A further procedure of very specific gold chemistry, according to 
V!ilkinson, but of lower yield ~50% is as follows: Precipitation of 
Au as tP,c metal by so

2 
reduction, bubbling so

2 
through a warm 2 N HN0

3 solution of the . . dissolved gold. The ppted Au canoe 
red is solved in aqua regia & extracted with ethyl acetate for counting. 

Getting the Au from ethyl acetate into 2 ! HNO preliminary to the so2 
ppt 1n can be done in several ways, such as, (a; evaporation of ethyl 
acetate - Au sol'n (Use hot plate for ethyl acetate is flammable) and 
taking residue up with 2:rJ HN0

3
, or (b) adding 1 ! KOH to ethyl acetate -

Au sol 1n, taking Au back into aqueous phase (and also introducing 
loss by formation of some insoluble Au oxide), then separating the 
phases and making the aqueous about 2,!! acid by adding rum3 ~ 

7/27/49 
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C.IreMICAL S:SPARATIONS 

Element separated: Gold 

Target material: Iridium foil 

Typo of bbdt: 184" (any energy) 

Yield: ~70%, depending on leach 

Degree of purification: at least 100 

79-4 

Procedure by: Thompson & 
Rasmussen 

Time for sep 1n: 20 min-1/2 hr. 

Advo.ntagcs: A simple, rco.sonably fast procedure for solution and separation 
with a target metal (Ir) extremely resistant to dissolution in aqua regia. 

Procedure: 

(1) Make a. melt of KOH and KN0
3 

( ~50-60, not criticnl) in a small 
porcelain crucible, heating strongly over a Fisher burner. 

(2) To this hot flux ndd the to.rgct Ir metal, continuing to heat 
(nnd adding KOH if volume of flux gets too small) until the metal 
is completely dissolved. (for a S:t!lO.ll strip of 1 mil foil this 
should take no longer than 5-10 min.) 

(3) Allow flux to cool, then leach for Vl-5 min. with cone. HCl, adding 
Au·and Pt carriers in small amount. (Ir gives strong blue colored 
sol'n) 

(4) Extract twice with ethyl acetate to remove l~u. 

(5) Combine organic layers and wash twice with equal voluno 3N HCl. 

(6) Plate organic layer and flame. 

Remarks: 

As most Ir foil contains about~l% pt impurity, it is well to provide 
a stop for extraction of Au activities, whether or not the Au is desired 
for later work, cvcm if it is simply a proton bombarded Ir. 

On SnCl., reduction the strong blue coloration of Ir(+6?) disnppcnrs, 
permitt'ing the red of reduced H

2
PtC1

4 
to be seen. 

By spending more time leo.ching the molt in (3) and by using several 
portions of leo.ching agent the chemical yields might bo mo.do almost 
quo.ntitntivc. 

For Ir sep 1n from s~o to.rget see (77"2). 

For Pt sep'n from same target sec (78-2). 

Tl if present should be checked for intorfcronco with this procedure. 

7/27/49 
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CIGMICAL SEPAP.A'riONS 

Element separated: ~~ Procedure by: R. W. Fink & 
D. G. ICarrake r 

Target material: Platinium Time for sep'n: 60 minutes 

Type of bbdt: 65 Hev a.-particles for 
3 hours 

Equipment required: Standard 

Yield: IJ'I 70% 

Degree of purification: Excellent - factor of at least 100 from activities 
present. 

Procedure: 

(1) Pt target dissolved in 4 co aqua regia in a porcelain crucible. 50 ~ 
gr Au and Hg carriers added. Sol'n evaporated to expell HN0

3
• 

(2) Extracted 5 times with 1/5 volume of isoamyl acetate in presence 
of at leQst 0.1-N HCl. The isoamyl acetate layer contains ~old 
free from mercury. 

(3) The aqueous layer has excess ~~c12 added to ppt Hg2c12 • The Pt is 
reduced to a beautiful red Pt color. The ppt is washed until free 
of this color. 

(4) The ppt is dissolved in dil. a0.ua regia and used as the mercury 
fraction. 

Remarks: (a) Recycling vlill improve purity, although this rp.ethod has been 
shown to give excellent ra.diochemice.l purity. · 

7/14/49 
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CHEMICAL SEPARATIONS 

Element separated: Mercury 

Target material: Gold 

Procedure by: R. W. Fink 

Time for sep'n: 70 min. 

Type of bbdt: 60 r,~ev protons 

Yield: Near 80-90% 

Equipment required: Standard 

Der::ree of purification: Excellent- factor of 100 from activities present. 

Procedure: 

(i) 

(2) 

(3) 

Rena rks: 

The gold ·target is dissolved by heating in 4 co hot, cone. aqua rer;ia. 
Pt and Hg carrier (50 ug) are added. · Five or more extractions with 
isoamylacetate, 3 co each portion are made. The Gold will be found 
in the organic layer. 

The aqueous layer is boiled to near dryness with cone. HCl to e:-;:pell 
HN0

3
, and excess SnC12+~dded to ppt. Hg

2
c1

2
, which is then washed 

unt1l free from red Pt color. 

The Hg2c12 ppt is then redissolved in 2 co dil. aqua regia, and 
used as tne mercury fraction. 

(a) The isoamyl acetate extraction. of gold from mercury is quantitative 
in presence of 0.1 N' or more chloride. This is the method used to 
milk gold daughters from the mercury fraction. 

7/12/49 
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CHEMICAL SEPARATIONS 

Element separated: ~-~~ Procedure by: R. H. Fink & 
S. G. Thompson 

Target material: Gold or platinum Time for sep 1n: from 1 to 5 
min. 

Type of bbdt: Protons on gold or a-particles 
on Pt, but not vice versa 

Equipment required: 
mercury volatilizer (see 
astatine boiler) 

Yield·: Enough Mtivity to work with but by no means quantitative. For more 
yield heat longer. 

Degree of purification: Extremely pure. 

Advanta-~es: For short Hg ha.lf-lhres when quick samples are desired for 
counting. Definitive purity. 

Procedure: 

(1) The tarret is introduced into the chamber of the Mercury vaporizer. 
A thin Pt collecting plate is put on the bottom of the water-cooled 
cold-finger with duco cement. 

(2) The Hg is then vaporized by a bunsen flame, and is collected in 
high specific activity on the plate. 

Remarks: 

(a) Caution must be exercised not to open the vaporizer until it has 
thoroughly cooled, lest the hands become covered with unwashable 
mercury activity which spews forth when the vaporizer is hot. 

(b) The vapor pressure of Hg at only 400°C is 1574.1 rnm of Hg, over 
2 atm.; while that of nol ten r:old at 1292° C is only 0. 001 rnm. 
Hence, at 1000° K, a complete separation is attained~ 

Tl if present will follow the Hg in this procedure 
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CHEMICAL GEPAP..AT IONS 

Element separated: Mercury 

Target material: Au 

Type of bbdt: Neutron cal_)ture 
in pile 

Yield: ? probably 60-80% 

Degree of purification: N· 95-98% 

7 4 
80-1 

Procedure by: Prohaska 

Time for sep'n: Two or more 
days 

Equipment required: separatory 
funnels, +ordinary beakers, 
flask, etc. 

Advantages: Will separate 5-10 mg of Hg from 100 g of Au. 

Procedure: 

(1) 

(2) 

Dissolve sample (assume 100 gms of Au) in 250 ml hot cone. HCl· 
and minimum HN03 under (air cooled) reflux condenser. 

'l'lhen sample completely dissolved, dilute to 500 ml (approx 
6!;! H+). Extract with four successive 200 ml portions of ether. 

(3) Add NaOH to H2o portion until pH ·~ 1. Add H2s and ppt Au2s3 + HgS. 
Centrifuge. 

(4) Dissolve ligS + .Au2s3 in (minimum) 6 _!! HCl + drO?S cone. llN03 , 
volume of solution should be less than 100 ml at this point. 

(5) Extract with successive 50 ml portions of ether until no yellow 
color of AuC1

4
- observable in HzO portion. 

(6) Extract with 2 additional 50 ml portions of ether. 

(7) Again reduce pH to ':t 1 with NaOH and ppt HgS with HzS. 

(8) Repeat the solution and extraction procedure. 

Remarks: 

In the three ether extractions, an estimated 20%-3~/o of the HgC12 would be extracted along with the AuC1
3

• Working up these extracts for 
Hg would probably increase total yield of Hg separated. 

It appears doubtful that purity of Hg reported would be increased by 
further solution and extraction. 

8/24/49 
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CHEMICAL SEPARATIONS 

Element separated: Thallium 

Target material: Hg;N03 

Type of bbdt: Linac 2 min. of 30 Mev 
protons 

Yieid: . 20% 

Degree of purification: good 

Advantages: Fast -

Procedure: · 

81-1 

Procedure by: Brooks 

Time for sep'n: 5 min. 

Equipment required: 40 cc 
test tube 

(1) Dissolve target in 20 co sat. KI (hot) 

(2) Add 2 oc of H20 containing 20 mg; Tl N03• Shake well. 

(3) Pour off'Hgi4- sol'n, dry ppt and count. 

Remarks: 

6/16/49 

HgNO decomposes somewhat even in a 2 min. bombardment. 
Don'~ use it in a oyclotronJ The Linac targets are not 
in a vacuum. 
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CHEMICAL S~PARATIONS 

Element separated: Thallium Procedure by: Orth & Heinke 

Target material: Gold foil Time for sep'n: V' 30 min. 

Type of bbd t: 6011 ci. bbd t. Equipment required: Standard 

Yield: V"\ 90% 

Degree of purification: At least factor of 10 from other activities present. 

Procedure: 

(1) Dissolve Au target in aqua regia (1:9 HN03 to HCl) add (5 mr• Tl+ 
. d "' H ++ . carr1er on v me; g carr1e r. 

(2) Add NH
2

oH•HCl, ppt Au metal & reduce to Hg
2

++, Tl+. 

(3) Neutralize with Na
2
co

3 
(keep cool!) ppt Hg 2co

3
• 

(4) To sup'n add sat. soln orKI or few drops of HI, precipitating Tli. 

Remarks: The 90% yield can readily be obtained if the Tl iS plated from·the 
sol'n of (3). If the Tl is ppt as Tli yield may be only ,....f 75;s. 

7/12/49 
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CHElUCAL SEPARA TIOUS 
-------------------

Element separated: Thallium Procedure by: Neumann 

Parent material: Lead Time for sep'n: 10 min. 

l1Tilking experiment Equipment required: no 
special equipment 

Yield: tv 96% 

Degree of purification: ( 0.01% Pb contamination 

Advantages: Extremely good Pb-Tl separation 

Procedure: 

(1) 

(2) 

(3) 

( 4) 

Pb to be milked kept in 10 ml of 6 N HCl solution. Tl carrier 
may be added if desired, but is not-necessary. Add 3 or 4 drops 
of KMn04 solution to insure oxidation of Tl to Tl+:-+ .. Stir solution 
until loss of brown color. 

Add 10 ml of HCl saturated diethyl ether. (The ether can be 
conveniently prept1red by shaking with cone .• HCl and allowing the 
two layers to stand in contact until ether is needed). Stir about 
3 min. Centrifuge~ Remove ether layer containing the Tl+++. 

Extract a second time by same method. Combine ether layers. 

Wash ether with 10 ml portion of 6 N HCl. Centrifuge. Transfer 
ether to new tube. 

(5) Evaporate ether with jet of air to convenient volume. If entire 
sample is to be counted, the remaining ether can be evaporated on 
counting plate. If only an aliquot is desired, evaporate to 

Rerrnrks: 

dryness and take up residue in desired volume of water. Addition 
of a drop HN03 and heating will help in obtaining complete solution. 

Tl+ does not extract. Addition of KM:l.04 to insure oxidation to Tl+++ 
is impor to.nt. 

Since the time for separation is quite long for o. 1:1ilking p:rocedure 1 

the steps prior to final separation should be done o.t thJ so.me relative 
time intervals in each milking. 

'1\ivo extractions give> 99% yield. The washing with HCl r~5?ves rv4% 
of Tl. The o·irero.ll yield of Tl is reproducible. 3 yr Tl "' cn.n be 
used conveniently as a tro.cer to detc:n2ine r;~'Jemico.l yield .• 

8/12/49 
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CHEMICAL SEPARATIONS 

Element separated: Lead Procedure by: Karraker 

Target material: Thallium Time for sep 1n: V\ 1 hour 

Type of bbdt: 60-80 Mev D+ or H+ Equipment required: No 
special equipment 

Yield: V\ 95% 

Degree of purification: Good, factor of at least 100. 

Advantages: One-step is usually sufficient purification. 

Procedure: 

(1) Dissolve Tl target in 6]:! H2soL! the smallest amount possible. 
Add 5 mg Pb carrier, also 5 mg"'Hg carrier as hold-back. 

(2) Evaporate solution over a hot plate, with an air-jet blowing on 
the top of the solution, till fumes of so2 appear and the solution 
is quite concentrated. 

(3) Dilute ~..£ully with 2 volumes of H2o. PbS04 , white ppt, appears. 
Wash ppt wi th2l\JI H2so4 , then with H2o. H' desired, this may be 
dissolved in NH4Ac and reppted as PbCr04 • Hm•ever, it is usually 
sufficiently pure without further steps. 

Remarks: Add cone H2 so~ to water, not water to acid1J 

7/14/49 
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CHEMICAL SEPARf~TIONS 

Element sepa.ra. tod: Lca.d Procedure by: Ncuma.nn 

Pa.ront mntoria.l: Bismuth (20 1ng or less 
ca.rrie r) 

'rime for sop 'n: 5 min for 
sopa.ration, 15 min. for 
purifica.tion 

Milking experiment . Equipment required: no 
special equipment 

Yield: r0 85% 

Degree of purifica.tion: (0.05% Bi contnmination 

Procedure: 

Bi purified, fina.l step being prccipita.tion a.s BiOCl (obtuina.blc by 
method listed in steps 1-3.) (Ca.n dissolve Bi from Ni foil of 83-1 
a.nd proceed with BiOCl pptn a.nd step (1) bcl~1.) 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

(10) 

P-18-147 . 

Dissolve in few drops cone. HN0
3

• 
Pb(N0

3
)2 • Add 3 drops cone. HCr. 

lldd 10 mg Pb ca.rricr (prcfcra.bly 
Di 1 ut o to -v 8 ml. 

.l.dd NH
3 

dropwiso until perma.nent prccipi tate just forms, and then 
HN0

3 
dropwiso_ until solution just clears. 

J>.t desired time for milking diluto to 45 ml a.nd hea.t in water ba.th 
for a few minutes. Fine crysta.ls of BiOCl should form. Centrifuge, 
a.nd retain BiOCl for futuro milkings. 

To tho supcrna.tent a.dd a. drop of NH3• If tho solution rcma.ins 
clea.r you have obta.incd a good separation. 

Add 2-3 ml of Na2cr2o solution to cause prccipi tntion of PbCr0
4

• 
Centrifuge, a.nd discatd supernatant. 

Dissolve PbCr0
4 

by a.ddition of 2 ml 4 N HCl and one drop 30% 
H

2
o

2
• Hca.t in water bnth to destroy excess H

2
o

2
• 

Add 20 mg inactive Bi carrier and repent BiOCl sepa.ruti~n by above 
methods. Ropca.t prccipita.tion of PbCro4 • 

Dis sol vo PbCr04 ~s in step (6). 

Dilute to nny desired voluro a.nd mount aliquots for counting. Tho 
results a.ro reproducible. a.nd chemica.! yield detcrmina.tions arc 
not nocossa.ry. If the lo.ttcr.arc desired, proceed with stop 10: 

i~dd 5 ml cone H
2
so

4
• Eva.pora.tc to fumes of S03 • Resulting 

will be 2-3 ml. Cool. Dilute ca.rcfully to t'V ZJ:O ml. Cool. 
dry, and weigh PbS0

4
• 

volume 
Fil tor, 
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Ronnrks: 

Any single precipitation of BiOCl under those conditions gives a 
yield of 9-8-99% Bi. with s% of the Pb retctined with th0 Bi. One Bi 
scavenge of tho sopart:tted Pb should be sufficient purification from 
tho parent. 

In calculating tho lifo of the parent from consecutive milkings of 
the same Bi solution correction should be made for tho 8% of the daughter 
rcta.inod with the parent. ' 

Purification of Pb a.s PbS04 gives varying yields, and dotormina.tion of 
chemical yield by weighing is nccossa.ry. 

1-"'Jhore the Pb fractions will be further milked for Tl (81-3) stop nt 
step (8 ). 

8/12/49 
P-18-146 
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CHErHC.AL SEP,\R.\ TI ONS 

Element separated: Lend 

Parent material: Polonium 

llilking Experiment 

Yield: 95-100% 

82-3 

Procedure by: Ifurruker 

Time for sep 1n: 5 min. 

Equipment required: Standard 

Degree of purification: factor of 10
6 

from Po with two washes. 

Procedure: 

Po is in 20% tributyl phosphate in dibutyl ether mixture. To milk 
solution: 

(1) E:xtrnct vrith oqunl volume of 6 N HCl. - ' 

Bi & Pb go into water phase. 

(2) Wa.sh HCl extract twice with 1/10 its volume of tributyl phospho. to 
sol vent. .i\.dd the first portion to the Po sol tn, then discard 2nd 
portion. 

(3) Add l/2 mg Bi a.nd 1/2 mg Pb currier, ( pptn nndo from""' 4 co volumes.) 

(4) To separate Bi a.nd Pb, the procedure is almost idcntica.l with tha.t 
of Neumann. (8 2-2). 

(5) Tho.llium da.ue;htcrs of the Pb ma.y be sepa.ro.tcd by oxidation nnd 
extraction with otho r. (81-3). 

8/12/49 
P-18-159 
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CHEMICAL SEPARATIONS 

Element separated: Bismuth 

Target material: Pb 

Type of bbdt: protons or deuterons 
1134 11 or 60 11 

Yield: see remarks 

83-1 

Procedure by: Neumann 

Time for sep'n: 15 min from 
solution of target up to 
plating step 

Equipment required: no special 
equipment 

4 Degree of purification: Good separation from Pb and Tl at least factor of 10 . 
Interference from noble metals. 

Advantages: Rapid separation when looking for short half-lives. Prepares 
carrierless samples for pulse analysis, or high specific activity 
samples for mass spectrograph or ~-ray spectrometer. 

Proceduret 

(1) Dissolve Pb target in 6 N HN03• Keep volume as small as possible. 
Add water if necessary to give complete solution. 

(2) Add 8 N NaOH dropwise until formation of Pb(OH) 2• Add HN03 drop­
wise until solution just clears. 

(3) Place Ni foil in solution. Bi will electrochemically replace Ni 
on foil. Keep solution vvarm, and stir continuously to obtain 
highest yields. See remarks. 

(4) a counting and pulse analysis can be done directly from Ni foil 
after washing well and drying. Ni foil should be given protect­
ive coating (label shellac is satisfactory) on one side so that 
activity plates on only the unprotected side. 

(5) To prepare sample for mass spectrograph or ~-ray spectrometer, 
remove Ni foil from solution when desired amount of activity is 
obtained and wash well~ Dissolve Ni foil in HN03• Add 50~ grams 
Bi carrier and 20 mg La carrier. Precipitate Lal0H) 3 and Bi(OH)3 by addition of NH3• Wash precipitate with water and 1 drop NH3• 
Dissolve in few drops HCl, dilute to 0.3 ! HCl, and pass H2S into 
solution. Bi2S3 precipitates. Further disposition of sample 
depends on type of mounting necessary for instrument. 

Remarks: As a roug;h indication of yields to be expected, a volume of rV40 ml, 
heated to""' 85°C, and stirred slowly with mechanical stirrer gives these 
yields at various time intervo.lsc 5 Min. 10%; 15 min. 25%; 45 min. 65%. 

This procedure does not give separation from metals more easily reduced 
than Bi. Among spallation product impurities will .be Au, Hg, and Pt 
metals. Among fission product impurities will be Cu, Ag, Pt metals, 
and Sb. Separation from Po will also not be mnde if it is produced 
in bombardment. 

8112/49 
P-18-148 
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CHEMICL.L SEPARti.TIONS 

Element soparoted: Bismuth Procedure by: I\a.rraker 

Parent matorinl: Polonium Time for scp'n: 5 min. 

Milking experiment Equipment required: Standard 

Yio ld: 95-100% 

Degree of purification: Factor of 106 from Po with two vmshcs 

Procedure: 

Polonium is in 20% tributyl phosphate, 80% dibutyl ether mixture. To 
milk solution: 

(1) Extrnct with equnl volume of 6 N HCl. Bi und Pb go into acid 
phase. 

(2) Wo.sh HCl extract twice with l/10 its volume of tributyl phosphate 
solvent. ~dd the first portion to the Po so1n, discard tho 
second portions. 

(3) Add 1/2 mg Bi und 1/2 mg; Pb currier (pptns muac from N 4 cc volumes). 

( 4) 

(5) 

8/12/49 
P-18-153 

To s opnro to Bi und Pb, the procedure is almost identical with that 
used by Nournnnn (82-2). · 

Thallium daughters of the lcc.d mo.y be separated by oxidation o.nd 
extraction with ether (81-3). 
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CHBHICAL SEPARATIONS 

Blemen t separated: Bismuth Procedure by: ~ieinke 

Parent materi~l: Tracer r:u 228 
and daughters Time for sep 'n: rJ 1 1/2 hours 

l'.lilking experiment Equipment required: 
Centrifuge, stirrers 1 

tank ~s 

Yield: rv 60% 

Decree of purification: Factor of at least 10
3 

from Po. and at least 100 
from >ther activities. Factor of at least 5 from Pb. 

Disadvantases: Gives a thick plate- rather bQd for alpha pulse analysis. 

Procedure: Purified tracer Pain benzene - TTA solution (procedure 91-l 
with DIPK and TTA extractions only). 

P-18-137 

(1) Stir organic layer 10 min with equal volume G N HCl (daughter 
into acid layer - most of Pa remains with orgunic layer). 

(2) ·.·rush the acid layer three times with double volume .4 M TTA in 
benzene, stirring 5 min each. (Removes· Po. ). 

(3) Dilute o.cid layer to r-.1 2 Nand addN l/2 me: Bi car.rier. Bubble in 
H2S gas to ppt Bi and Pb sulfides. Centrifuge. 

(4) At:ain add l/2 mg Bi carrier and repeat sulfide pptn. 
and combine ppts of (3) and (4). -

Centrifuge 

(5) Dissolve sulfide ppts in .few drops hot cone. HCl. Dilute to at 
least 1 J! acid and reppt s ul fides by bubbling in HzS. Centrifuge. 

(6) Repeat step (5), four times. 

(7) Dissolve sulfide ppt in few drops cone HCl, dilute to rJ 6 cc and 
boil to rid solution of H

2
s. 

(8) Add 1 mg Pb carrier and ppt PbS0
4 

by adding some so
4

- 2 (H
2
so

4
, 

(NH
4

)
2
so

4
, etc.) Discard p.repicltate. 

(9) Repeat step (8) three times. 

(10) Add I~S to supn from last pptn and centrifuge out ~he Bi2s
3 

formed. 

(11) Dissolve the Bi
2
s3 in hot cone. HCl, dilute to known volume and 

plate aliquot for counting. Caution: Do not flame the BiCl
3 

plate or much of 13he activity may be lost. 



0 u u o 7 o J ~ a s 
83-3 (po.ge 2) 

Rem'lrks: 

In step (3) if tha ncidit3r is grouter than 2 N tho Bi will not ppt. 
~ -

See Prescott and Johnson's Qualitative Chemical Analysis (1933) 
p 157 for notes on PbS0

4
• 

In some experiments no Bi ·- Pb se pn is required and the solution of 
step (7) c~m be plated directly. 

8/9149 
P-18-140 
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·CHEMICAL SEPARATIONS 

Element separated: Polonium Procedure by: Karraker 

Target ~Aterial: Lead Time for sep 'n: 1 1/2 - 2 hrs. 

Type of bbdt: ++ 380 l!ev He Equipment required: so2 tnnk 

Yield: 80-90% 

Degree of purification: Very good - less than 1% impurity. 

Advantages: Po is separated in a carrier-free state. (1) 

Procedure: 

(1) Dissolve target in 6! HN03. 

(2) Heat over o. burna~ until the solution is.evaporated to cone. HN03 (fuming). Pb(No3 )?. ppts and may be centr1fuged off. Extract 
twice with equal volume amyl acetate. This removes Tl, Hg, & Au. 

(3) Add 1-2 mg Bi & Tl holdback, then fume with HCl (over o. burner) 
till mm3 is destroyed. It will be necessary to take the solution 
down to a very small volume, add about 8 or so portions of cone. 
HCl to accomplish this. Dilute the solution by adding 2 volumes 
of H

2
o. 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

Add \11 1 mg Te carrier. 
Centrifuge the Te off. 

Ppt Te with a few drops of cone 3nC12 soln. 
This ppt carries Po and At. 

Dissolve Te in 1 drop cone. HN03, then add 1/2 oc cone. HCl. 

Pass in SO from tank into sol 1n in a hot water-bath. Te ppts, 
carrying A£. The sol'n now is about 6 N in HCl (constant boiling 
mixture), and contains the Po. -

Centrifuge off Tc. It may ~e necessary to use Aerosol to coagula~e 
or transfer solrn to several test tubes to eliminate Te. 

Extract sol 'n with an equal volume of 20~>~ tributylphosphate in 
dibutyl ether. Po p:oes into the organic layer. '!ash organic 
layer ti'Jice with 6! HCl to thoroughly decontaminate from Bi. 

Sample may be prepared by plating a drop of organic sol'n, or by 
extrac·ting Po back out with cone ID'J0

3
• Then dilute the HN0

3
, and 

chemically plate Po on a small piece of clean Ag. 

Remarks: Step (3) is very slow and tedious, but cannot be avoided, since Pb 
metal can be dissolved only in HN0

3
• It should be noted the Pb is 

almost untouched in cone. HH03 , du~ to the extreme insolu?ili ty of 
.~~(N03 ! 2 in fuming HN0

3
• About 60)~ of the Po can be chem1cally plawd 

on Ag 1n 10 min. 

7/14/49 
P-18:0.71 
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CHEMICAL SEPARATIONS 

.Element separated: Polonium 

Target material: Bismuth 

Type of bbdt: + + 180 Mev D , or 350 Mev H 

Yield: 80-90% 

8 7 
84-2 

Procedure by: Karraker 

Time for sep'n: 40 min to 
1 1/2 hrs. 

Equipment required: Standard 

Degree of purification: less than 1% impurity in sample 

Advantages: Po separated in carrier-free state. 

Procedure: 

Procedure in ~cneral is the same as with Pb, except for inability to 
ppt Bi as the nitrate. So step (2) in Pb procedure is eliminated. 
It is necessary to dissolve Bi metal in IDf03, but if Bi

2
o3 is used, 

this can be dissolved in HCl, and necessity for destroy~ng HN03 is 
removed. This shortens the procedure to where it can be done as 
rapidly as 30 minutes. 

See (84-1) for Po sep'n from Pb. 

7/14/49 

P-18-72 
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CHEMICAL SEP.ARATIONS ........... __ .. ____ ..,.. ......... __ _ 
Element sopnrn ted: Polonium 

Milldngs from At 

Yield: N 9()% 

Degree of purification: At least fo.ctor of 10 

Advunto.gcs: Simplicity. 

Procedure: 

84-3 

Procedure by: Ihrton 

Timo for sep'n: 40 min. 

Equipmont required: ~st tubes 

(1) Astatine fraction dissolved in 1-5 ml orgo.nio solvent (banzeno, 
oo.rbon tat., di-isopropyl ether, eto.) 

(2) Wash with 1/2 ml of 2 ! H2so4 , 0.25 ! FaSO 4 soln. (to keep At in 
zero sto.to.) 

(3) Wo.sh H2so
4
-Feso4 lnyor twice wHh di-isopropyl other. 

(4) Extra.ot the Po from the ~so4-FcS04 la.yer with 20% tributyl phos-
pho. te, SO% dibutyl other mixture. · , 

(5) Evnporo.te organic lo.yor on pla.to with heat lamp. Do not flnme 
or Po will bo lost. 

8111/49 
P-18-175 
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CHEMICAL SEPARATIONS 

Element separated: Astatine Procedure by: Barton 

Tnrgot :mnterinl: Bi203 (N 1/2 gm) 
(or thorium metnl) 

Time for sep1n: 15 min. 

Type of bbdt: Any 18411 or 60 11 Equipment required: Test tube 

Yield: Unknown, N 10% 
.. 

Degree of purificati2n: Excellent, from all a emitters for.mod - at least 
gron tor than 10 . 

Advantages: Simplicity 

Procedure: 

(1) Dissolvo Bi2o3 sample in 1/2-1 ml cone~ HCl or E2so4 • 

(2) Add small (( 0.5 ml sufficient) amount di-isopropyl other, mix, 
so para te phases. 

(3) Pluto out organic phase o.nd ooun t or so.vo for mil kings. 

(Usc no more heat than heat lamp or 30 volts on an induction heater 
while working with the plato orA-bwill be lost.) 

Rcma.rks: 

Step 1. Do not use HN03 unless you want a sma.ll-scalo explosion. 

TI1orium metal can be dissolved i~1 )onc. HCl and .01 E (NH4)2SiF6 soln 
(Vigorous reaction once s tnrtod). (See 90-4). 

See also AECD 1952 (Chemical Properties of Astatine; G. 1. Johnson, 
R. F. Leinigor, E. Segre.) 

(1) See Phys. Rev. ~l18 (1949). 

o lJ_.: /~s 
' / 

P-lf·-162 
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CHEMICAL SEPARATIONS 

Element separated: Emanation 

Target material: Thorium metal (1 mil) 

Type of bbdt! 18411 protons 

Yield: Small from metal;up to 50% from 
solutions 

86-1 

Procedure by: Ghiorso, l~inke 

Time for sep 1n: 5-15 min. 

Equipment required: 
special emanation closed 
system with traps 

Degree of purification: Free from other a activity - does not separate 
from other rare gases. 

Procedure: 

(1) Metallic strips of Th which have been bombarded with the full 
energy proton beam are placed in a small c los:x:l. flask and he a ted 
to red heat with an induction heater for a period of one or 
tv1o minutes • 

(2) Argon carrier is then passed through the flask and through a 
trap cooled with an icc bath. 

(3) The carrier and Em arc then frozen out in another trap cooled With 
a liquid N

2 
bath. 

(4) The activity can be then introduced into a sealed counting chamber 
and counted for alpha ac ti vi ty. 

(5) The activity can be shown to bo a rare gas by transferring it 
back and forth from counter to trap using the liquid n

2 
bath to 

freeze out the activity and carrier. 

Remarks: 

The procedure described is simple but effective in purifying. the Em •. 
If further purification is required additional traps may be used. 

The same ~o of apparatus may be used when: (a) separating Em from 
a solution or (b) milking Em isotopes from other clements, e.g., Fr 
and At. 

Care should be taken to check separation from At in these separations 
since in many cases 1 at least a small fraction of tho At present acts 
much like a gas and may pass through tho traps. A special trap to 
specifically remove At may be necessary in some oases. 

8/12/49 
P-18-177 
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CHEMICAL SEP.li.RA TIONS 

Element separated: Francium - Element 8 7 Procedure by: · Hyde 

Target material: Thorium metal foil. 
Typical target - 3 foils 1/2 11 x 1 3/4" 

x .005 11
• 

Time for sep'n: 40 min. -
80 min. 

Type of bbdt: 22 ~84
11 bbdz2Eith 100 ~.1ev protons 

to make Fr and Fr • 3~£3Mev proton 
Equipment required: 

centrifuge 
stirrers bbdt to make 30 minute Fri. 
50 ml centrifuge cones 

Yield: estimated 10-50% 

Degree of purification: Clean separa.tion from all elements except cesium 

Procedure : * 
(1) Drop thorium metal strips into 10 ml of hot 6 N HCl:* Add a few 

drops (Im4 )2SiF6 sol'n to clear up black residue. Hea.t with 
infra-red lamp until dissolved. Evaporate down to 5 m1 or less. 

(2) Transfer to 50 m1 centrifuge oone. Cool in ice bath. Add 15 ml 
6 N HCl. Cen·brifuge off undissol vad particles~ 

(3) 

(4) 

To clear supernate add 4 drops cesium carrier (20 mg C s/ml) stir 
and add 1 ml 1/8 :M silicotungstic acid. Stir occasionally 1 to 4 
minutes. CentrifUge dovm ppt of cesium silicotungsta.te. This 
precipitation eliminates> 90% of total radintion. 

Wash ppt bvice with 5 ml 6 N HCl. From here on can use eiz~~r of 
tw~2 gr~cedures. Procedure A is a short one useful when Fr ~or 
Fr is beinf1~tudied. Procedure B is recommended for preparing 
30 minute Fr< • 

Procedure A.- For short-lived francium isotopes. 

(1) A portion of or all of the silicotungstate ppt is evaporated in a 
smo.ll circle in the center of a platinum plate. This plate is set 
upon an aluminum plnte und centered above a 1/2 in. hole in this plate. 
An asbestos washer is placed above. On top of the o.sbestos washer 
and covering the hole just above the snmple plo.te is placed a second 
platinum disc, scotch taped to o. l/8 inch aluminum disc. The aluminum 
disc, platinum d.isc combination is cooled with a lump of dry ice while an 
oxygen torch with a small flame is touched to the bottom of the sample 
plate heating it strongly to red heat for 5 seconds. The cooled col­
lector plate· then beo.rs a smooth deposit 

* This procedure is modeled quite closely after the fission product procedure 
for cesium described by Glendenin & Nelson in AECD 255G-C. 

** HN03 interfers with the subsequent pptn of cesium silicotungsta te. 

ForTh sol 1n see Phys. Rev. 75 18 (1949). -
P-18-31 
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-2- (87-1) 

of cesium a.s well as considera.ble silica a.nd **Yo' tungsten. 

(2) This deposit is slurried off the plate vri th dilu·bo HCl. The silica 
and tungsten being insoluble are centrifuged off. The clear supernate 
contains the francium and can be used for chemical studies or 
eva.porated on platinum disc for counting measurements. Usually such 
samples arc flamed again us described above. The resulting collector 
plates are quite oven and clean of everything except cesium. Tho 
amount of cesium.originally added detennincs the amount of solid 
on the plates. · · 

Procedure B - For further purification of 30 minute francium. 

(1) Dissolve silicotungstate 
ferric chloride carrier. 
scavenger Fe(OH)3• 

ppt in 1 ml of 6 U NaOH. Add 2-3 drops 
(10 mg/ml) Stir.- Centrifuge down the 

(2) To clear hydroxide superna.te in 50 ml cone add with caution 5 ml 
of 70"/o porchloric o.cid. Put on safety glo.ssos or face shield and 
evaporate solution by mvirling over a bunsen flame until dense 
white fumes appear. Continue gentle hoa.tine one minute. Cool. 
Dilute to 10 ml~ Stir. Centrifuge off silica ppt~ 

(3) Evaporate supernate to den~~*"Xhite fwres agc.in. Cool. Co.utiously 
add 15 ml absolute alcohol. Cool in ice bo.th. Centrifuge. 
Dispose of supernate immediately as it contains ethyl perchloro.te 
which is explosive when heated. Wash ppt twice with 5 ml absolute 
alcohol. 

(4) Cesium perchlorate ppt mo.y be dissolved in distilled wo.ter. This 
is the fino.l fra.ncium fraction. If plates arc made it pays to 
volatilize tho frnnci um to. a second pluto by the technique 
described in A(l) in order to get very smooth dopositlil. 

A 30 minute bombardment of 3 thorium foi+s l{Q" x 1 3/4 11 x • 005" 
worked up by Procedure B has produced 10 -10 c/m of 30 minute 
francium 60 minutes after bombardment. 

*** Tho volatility of cesium and of francium is believed to be caused 
by a disproportjono.tion of the oxide to peroxide o.nd metal. The 
meto.l distills;thc peroxide decomposes to oxide nnd is ready for 
a new disproportiono. tion. 

Yields on the volatilization step vo.ry from 25% to 90% depending 
on amount of solid present and other factors. W"ith plates con­
taining only cesium, 75% hi':her yields t\rc usually obtained. 

**** Alcohol is added because of the insolubility of cesium perchloro. te 
in this sol vent. 

6/28/49 

P-18-32 
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CHEMICAL SEPA.llA TIONS 

Element separated: Fran~ (carrier free) Procedure by: J.M.Hollander 
Time for sep 1n: 1-2 hrs. 
Equipment required: P + t . · 1 A 22 7 · ' 1· b . . th aren" 2~7ena2 23 c 2111n e qu1 1 num 'INl 

Th , Ra , Pb , e to • (1) Ion exchange column, 

J:.!ilking Procedure 
2 em long, 2 mm in diameter. 
(2) Dowex-50 acid form resin. 
(3) Tvlo Al"so.mple mounting" 
plates, 3 1/2 11 x 2 l/2 11

, 

with a 5/8" hole in the 
center. 

Yield: 40-50% 

Degree of purificntion: At lonst a factor of 50 from Pb. Other purifications 
not determined (a's not counted.) 

Procedure: 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

8/ll/49 
P-18-164 

The Ac should be in 0.5 - 1.0 cc af2 Ji HN0
3 

solution. Allow this 
solution to pass through the column, to adsorb the Th, Ac, and 
partially the Ra. 

Elute with N 4 co 1s of 2 ! HN0
3 

(to bring off any Ra Vlhich ha2 
o.dsorbed on the resin) at a flow rate of o.bout 0,5 ml/min.jcm • 

Then elute with I'V 2 cc 1 s of 4 .!'!, HN0
3 

to bring off the Ac. 

Evap this 4 1if Ac fraction to dryness in a centrifuge cone, then 
dissolve the residue in water. . Allow to sto.nd 50-60 min. 

AddN 5 mg Pb++ co.rrier, heat the soln, ppt PbS by passing in 
H2s go.s to this solution as it cools. 

Centrifuge, reppt PbS from the supernate. 

Evnporo.te supernate to dryness onto n Pt disc. 

This disc is set upon an aluminum plato and centered above a 5/811 

hole in this plate. An asbestos wo.sher i~ placed above. On top 
of the asbestos washer and covering the hole just above the sample 
plate is placed a secon~ plo.tinum disc, scotch taped to a 1/8 in. 
Al disc. The Al disc, Pt disc combination is cooled with dry ice 
while an oxygen torch with a small flume is touched to the bottom 
of the sample plate, heating it strongly to red heat for 5 seconds. 
The coole~ collector plate should then contain most of the Fr. 
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CHELITCAL 8;:!;PA.11ATIONS 

Element separated: Radium Procedure by: Heinke 

Target material: Thorium ("""" 10 gm metal) Time for sep'n:N8 hrs. 

Type of bbdt: l8·1n full energy :rnrticles Equipment required: Standard 
plus centrifuges .of: 

250 ml capacity 
50 ml capacity 
J.5 ml capacity 

Tank HCl 

Yield: 25-50% 

7 4 Degree of purification: At least 10 from n1orium, and at least 10 from 
other alpha activi tics present in high yield. 

Advantages: Can be used to separate Ra with Ba carrier from large amounts of 
target material and (if coupled VIith column separation) to give weightless 
fraction of Ra. 

T'rocedure : 

P-18-143 

(l) 

(2) 

(3) 

Dissolve the thorium metal target in concentrated I1N0
3 

with ~2ops 
of • 2 l;I (NH

4
) 2SiF 

6 
soln added to make the sol 1n .-v .01 .!:! SiF • 

C\ large beaker sfiould be used to prevent bubbling over in %ne 
vigorous reaction. The solution needs to be heated to start the 
reaction but once started the rGaction proceeds vigorously.) 
Continue adding cone. HN03 and (NH

4
)
2
SiF6 solution until target 

completely dissolve~ (may be an hour or two for 25 mil pieces of 
Th.) 

Evaporate off most cf HN0
3 

leaving Th(N03 )4 
crystals. Caution: 

Do not evaporate to dryness or the nitrate will turn to Tho2 
which is harder than the oricinal Th metal to dissolve. If some 
Tho2 is accidentally formed use the same combination of cone. 
HN0

3
, (NH

4
)2SiF6 and heat to dissolve it. Th02 is considerably 

eas1or to d1ssolve immediately after forming tlian after prolonged 
heating and standing. (See 90- 4). 

Add 6 mg Ba ++ carrier to the crystals and dilute with water to 
~30 cc. Transfer to 250 ml centrifuge bottle. 

(4) Add rv 16 cc cone. NH4 OH (precipitating Th(OH)
4

) dilute to 200 cc 
with w·ater and digest" for several minutes. 

(5) Centrifuge and pour off supn (containing Ba und Ra plus other 
o.c ti yi ties • ) 

(6) Dissolve ppt (amounti!"l.g tu ""125 cc volume) in f"V 16 cc cone. HN0
3

• 

(7) Add 3 mg Ba +~ carrie~, dilute to <"V 30 cc. 

(8) Addrv 20 co cone. NH
4

0H ppting the Th(OH)
4 

dilute to('J 200 co with 
v1a ter and digest for several minutes. 
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(13) 

(14) 

(15) 

(16) 

(17) 

(18) 
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Centrifuge and pour off' supn. 

Repeat steps G through 9. 

Combine the throe sup2rnatants from steps 5, 9 and 10. :'Waporr,-Go 
combined solutions until rv 200 co. volume and transfer to 250 
m1 cent. bottle. 

Add 5 T ~ + + + • d t t l ( ) ( ) me u.c 4 earner an precipi a o t1e L.'"l. OH .3 plus Th OR L'-
from any Tl/ romainil:lg by tho addition of cone NH

4 
OH. Discard 

ppt. 

Evaporate the supn to"' 40 co and repeat step 12. 

Add Na 2co~ solution to the supn to ppt BaCo
3 

(carries Ra) direst 
for several minutes. Centrifuge. 

Dissolve BaC03 ppt in minimum of cone. HCl (one or ~~o co's pro­
bably enough). 

Place in ice bath. Add double or triple volume of ether and 
bubble in HCl g::--s until water and organic layers become miscible 
and tho Ba. ppts out as tho BaC1

2
• Centrifuge. 

Dissolve the ppt in minimum of H
2
o. 

Repeat steps 16 and 17 twice (total of 3 Bo.Cl pptns). 
HCl-cthcr mixtures spatter readily when wo.rmea. 

Ca.ution: 

(19) The BaC1
2 

ca.n be used for a counting or further purifica.tion ca.n be 
made using a resin colurrn. 

Remarks: 

. Usua.lly about 50 r::ms 2f
5
Th metal can be bombarded at once in the 

cyclotron to produce the Ra • Hence the large centrifuge is necessa.ry 
for the soparati:on of tho orie;ina.l Th(OH)

4 
pptns and purifications. 

'rhe Th (OH)4 p~t. is very+~ulky-~ccupying more tho.n ~ha.lf of ~h~ tu~o in 
step 4. However, w:ttn tho Ba. carr:~.or added and the tv;o rcprocJ.pltO.tJ.ons 
of the thorium it is believed much of the Ra. is recovered in the supornates. 

The o.nounts of NH OH a.nd mro
3 

used should be calcula. ted rather 
closely so o.s to allow iittlo excess, otherwise when the supn 1 s arc 
eva.porntod tow10 cc (step 13) the solutionwill be saturo.tedivith 
NH4No

3 
a.nd interfere with tho Ba.C0

3 
pptns. 

In step 13 some of tho yield is lost through tho solubility of some of 
tho Bo.C0

3
• This mie;ht be recovered by destroying tho HHL1lT0

3 
a.nd 

reducing tho volume dro.stica.lly before the carbona. te procip1 tution. 

P-18-14.2 
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Originally E.a and Ca wore added ns holdback carriers in the Th(OII)A 
ppts. T.hc Ca, however, did not scpet,rnto ns well from tho Bn ns expected. 
in the lntcr parts of the procedure. 

r,'hon working up 50 gms of Th, 10 gms nt n time, residues might be 
combined and further recovery of Bn lost in tho originnl procedure might 
be mude. Also the BaCO~ ppt of step 14 (first 10 gms) cnn be dissolved in 
cone. HN03 nnd used as 8nrricr for tho various steps of succcedine 10 gm 
portions - thus reducing the totnl nmount of Bn in tho finnl sample. 

10 grnms is about the maximum amount of thorium practical to work up 
at one time by this procedure using 250 ml centrifuge bottles. 

If co.rric.r free Ra is needed, Bo.C0.3 co.n be ~ptd from tho wo.ter soln 
of the end of step 18. This Bo.CO can oc dissolved in o.cid pH 1-2 and 
absorbed on Dowcx 50 resin. Tho ~r, Ba. & Ra can then be eluted in that 
order by citro.te o.t pH 7.5-8.0 (See E. R. Tompkins .'I.ECD-1998). This 
column procedure, however, ho.s net becn-·included in the runs !110.do to do.tc. 

8/24/49 
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CHEMICAL SEPARATIOUS 

Element separated: Radium Procedure by: Folger 

Target ma tcrial: N 3 g U metal Time for sep'n: rJ 1-1. 1/2 hr. 

Type of bbdt: 184 11 high energy particles Equipment required: Centri­
fu~e, cones (50 ml-2 ml), 
ice bath. 

Yield: 50-75% 

Degree of purification:.~ 103 from other elements -- sufficient for mass 
spectrograph or ion exchange column. 

Advantages: Gi vcs good yic ld of Ra-Ba with only rv .. 75 ~g carrier. 

Procedure: 

or 

(1) Dissolve target in small amount cone. HN0
3 

(heat if noc2ssary). 
Add 100 ~g Ba (as Ba(N03 )2 carrier sol'n) and 20 mg ·sr+ carrier 
(as nitrate). 

(2) Add fuming HN0
3 

to make up rV 25 ml and chill in ice bath for 
10 minutes. Centrifuge out Sr(No3 )2 (Carries Ba & Ra.). 

(3) Dissolve in H20, transfer to 15 ml cone and buffer with HAc + 
NH4Ac (1 ml 6 ! HAc and 2 m1 6 ! NH

4
Ac or pH 5-6). Add N 5 mg 

Pb and ppt PbCr~4 by add 'n of 1. 5 ,!! Na2cro4 to hot sol 'n. 1Yash 
with hot HAc & NH4Ac buffer (1 ml to 2 ml as above) containing 
1 drop 1.5 1-!l~a. 2cro4 • 

(4) Dissolve npt in hot 2 N HCl, pass in H S to roduco Cr2o7- to Cr+3 

and dil t; 0.2 !' ppt PbS, scavenge wi~h few mg CuS. 

(5) 

(6) 

(7) 

Boil out H2S, make basic with NH
3 

and ppt Srco
3 

by adding 2 mg Sr 
arid a few arops 2 _M Na

2
co

3
• 

Dissolve SrC07. in 1 drop 6 N HCl, boil out co2, buffer with 1/2 
ml 6! HAc an~ 1 ml 6! NH4Ac (pH 5-6). Transfer to 5 ml cone, 
add~ng not more than 1 ml ~0. Heat to near boiling, add minimum 
Pb+ to ppt PbCr0

4 
with 1 drop 1.5!!Na2cro

4 
.. Centrifuge. 

Dissolve PbCr04 in 1 drop cone. HCl. Transfer to 2 ml cone with 
1 ml HCl-ethcr reagent. Chill 10 min. in ice bath and centrifuge 
out BaC12•2HzO· Wash with 1/2 m1 HCl-ethcr reagent. 

(8) Dissolve in 1 drop H2o and add 1 drop 0.5! H2S0
4

• Centrifuge 
out BaS04 for mass spectrograph. 

(8a.) Dissolve in 1 drop H 0 and add 1 drop 0.5 N NaOH plus 1 drop 2 H 
Na2co3 ~ Centrifuge ~aco3 and djsso1ve in 0.1.,!! HCl for equilibro­
tion wi~~ resin for column run. 

P-18-275 
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Remarks: If the target sol 1n is obtained in large volume, buffer with 
NH

4
Ac until uranium ppt's out. Centrifuge and ppt PbCr04 from 

supernatant (20 mg or more may be required). Remove Pb oy dissolving 
the chromate in 1-2 ! HCl, passing in H2s, diluting to 0.2 _!!and 
ppt'n PbS. After H

2
S has been boiled out, the sol 'n rnay be ma.de basic ' 

and Srco
3 

ppt'd to reduce the volume. Follow with Sr(N0
3

)2, PbCr0
4 and BaC12•2H2o ppt'ns. 

For mass spect~ogra.ph work, steps 5 & 6 may be replaced by: 

(5:..6a) 

(9) 

Boil o~t ~S. Buffer to pH 5-6 and ppt min. PbCro4 by add'n 
of Pb+. anCf 1.5 ~ Na2Cr04 • Centrifuge. Wash with 2 drops 
6 ~ NH4Ac. 

To remove excess alkali salts a.dd: 

Fume EhSO to dryness to remove any NH Cl. Take up in 1 drop 
0. 5 ! H2s~4 • Centrifure and re\"I'O.Sh w~ %h 1 drop 0.5 ! H2so4 ~ 

For resin column separation of Sr, Ba, and Ro. see E. R. Tompkins 
AECD-1998. Elute from resin with citrate at pH 7.5-8.0. 

8/23/49 
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CHEMICAL SEPARATIONS 

Element separated: Actinium 225 226 (Procedure designed for Ac & Ac ) 
Procedure by: Hyde 

Target material: Thorium metal Time for sep 1n: 24 hours 
(Two 25 mil foils 1 1/2" square 
bombarded on cQ.ge) About 25 grams Th. 

Typo of bbdt: protons from 18411 Equipment required: bonkers, 
ccntrifuee cones, 250 ml 
separntory funnol,resin 
column,automatic sampler, 
pH meter. 

Yield: Not known - estimated 75% 

Degree of purificnt~on: Complete separation from all other elements by factor 
of,at least 10. 

Procedure: 
( 

(1) Dissolve thorium in hot cone. HlT0
3

• Add 1 drop 1 N HF occc.s ionally 
to catalyze dissolution. 

(2) Evaporate solution nearly to crystallizntion. Cool. Tr::msfer to 
250 ml pear-shaped sepuratory funnel. One uhich has been modified 
to provide a side funnel as shown in fiGure 1 is recommended. 

~-

(3) Add 1-2 volumes penta ether (dibutoxytctruethylene glycol),.. Stir. 

Fig. 1 

Lot settle. Drain aqueous layer into ori*~nal beaker. Drain 
pentaether lay8r into bottle for storage. 

(4) Return aqueous lo.yor to funnel. Add solid ammonium 
nitrate with stirring until solution is saturated. 
Add 2-3 volumes pcntn. ther. Stir. Dro.in aqueous into 
50 ml centrifuge cone. Drain pontn.cthcr layer into 
storn.gc bottle, 

(5) Repeat pcntacthcr extraction once aeain after adding 
0.5 ml cone. HN03 to repln.ce that extracted by solvent. 

(6) Aqueous ln.ycr in 50 ml centrifuge cone centrifuged to sopn.ratc last 
co's of pcntuether, which arc pipotted off. 

(7) Add ~IH40H to ppt last amounts of thorium as Th(OH)4 . This serves 
to curry the o.ctinium out of the sn.l ted solution. ~7ash tw'icc ·Hi th 
H2o. 

* It is quite important that tho solution be cool before tho solvent is 
added as pentaothcr is rapidly decomposed by hot nitric acid. 

** Pcntaothcr is used to extract tho bulk of the thorium n.way. Tho thorium 
servos us its ovm sal tine; a. gent in tho first pass which extracts the bulk of 
it and reduces tho aqueous volume greatly. Subsequent oxtro.ctions must be 
aided by NH4no3 sn.l ting. P-1S-4G 
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(8) Dissolve mixed hydroxides in minimum c.mount HCl. Dilute to. 5 ml. 
Adjust pH to l. 5 --- 2. 5*** chock with Bcclanan pH meter using 
1 drop glc.ss electrode. Add 10 ml 0.15 M TTA in benzene. Stir. 
Recheck and if necessary readjust pH. Stir well 10-20 minutes. 

(9) Centrifuge. Pipet off benzene layer contnining thorium. 

(10) To aqueous udd 10 ml fresh 'ITA. Stir, chock pH. Stir 10-20 minute.:;. 
Centrifuge. Pipet off benzene layer. 

(11) To aqueous layer containing actinium, rare earth and other activities 
add NH

4 
OH to adjust pH to bet\lvocn 5. 5-7. 0•:":":'. 

(12) Add 10 ml TTA-benzene. Stir. Recheck pH. Contact 20 minutes. 

(13) Pipet benzene lo.yer containing actinium o.nd rare earths into clean 
50 ml centrifuge cone. Rc-cxtract ncti vi ty into 2. 5 ml 0.1 N IICl 
by 2 minutes of stirring. 

(14) 

(15) 

At this point tho only likely impurities nrc rare-earth fission 
products. If these do not tnterfero, this solution may be considered 
tho final solution. If separation from rare earths is desired the 
follmving rosin separation is recommended. 

Add a few mg of ammonium form colloida.l dowox 50 resin to tho dilute 
HCl solution. :'Tarm to ·~60°0 in water bath for 2-3 minutes. Centri­
fuge. 

If assay of supernate indicates nearly complete adsorption on resin, 
pipet the rosin on to the top of u short resin oo lumn. Elute with 
5% citrate solution of pH 3.8 - 4.0. Usc a mechanical sampler to 
tc.kc samples every 20 minutes. 

The rare earth and actinium peaks co.n not be pz;-cdicted o.ccurncely 
enough to cl iminate tho neco ssi ty of ul pho. o.nd be to. counts to deter­
mine their locution. Tho rare co.rth fractions como off in the 
first sumples us indicated by thc 2~gtu counts. The ncti~l~ pcuk is 
located by th2

1
%1 pha counts of Ac • The o lution of Bi nnd its 

associated Po daughter o.lpha activity in tho early frnctions 
obscures the locution of tho actini!Zf

3
pco.k unless samples nrc pulse 

a.no.lyzed or unless the 47-minute Bi is a llowod to dcco.y before 
counting. 

Hy experience with a column 6 em x 2 mm of colloidc..l resin eluted 
11ith pH 3.9 citr::d:;c at n rnte of 1 drop per 2.5 minutes was that tho 
ra.ro oarth fraction came off within two hours and the actinium 
fraction, wo 11 scpnra ted from tho rare oo.rths, sturtcd to come off 
after 5 hours o.nd was spreo.d over 2-3 hours. Others (Orth & Stroot) 
report much more rapid elution under essentially tho same conditions. 

•:'** An equal volume of TTA-bonzeno vfill extract thorium essentially completely 
from an aqueous solution of pH) 1. Actinium extraction is 0 at pH 2.5 or 
less, is 10% at pH 4 and rises sharply to essentially complete extraction at 
pH 5.5 or greater. Soc Hn.e;emo.nn il.ECD 1933. 

7/6/19 
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CH :rUCAL s·.JPA~.A.TIONS 

Element separated: Actinium 

Po.rent material: Tracer Pa
230 

Procedure by: Meinke 

Time for sep 1n: 3-4 h~s. 

Milking experiment Equipment required: 
Standard, centrifuge 

Yield : cv 40% 

Degree of purif ion tion: 7 
Factor of at least 10 from Pa, U and Th. 

Advnntages: Can separate very srrnll amounts of Ac from large amounz~6of 
Po.1 U: and Th activiWgc In one experiment separated 500 d/m Ac from 
1022~otal d/m of Pa and about equivalent amounts of U und 30 minute 
Th • 

Procedure: 

P-18-13.8 

Pa 
230 

in 6_ N mm
3 

after DIPK extractions (procedure 91-1) 

( ) /, +++ +++ 1 Take 10 cc of Po. so ln and add 1;4 mg La and 5 mg Ce carriers. 

(2) Add 10 drops of cone HF to ppt the .fluorides. Centrifuge. 

(3) Meta thesize ppt to Ln c..nd Ce hydroxides by adding several ml of 
cone KOH soln. Centrifuge out the hydroxides and wash once with 
5 ml alkaline water. 

(4) Dissolve ppt in few drops 6 1J HCl and dilute to 5 cc. 

( ) A I +4 T.T -3 5 dd 1 4 mg Zr carrier and H
3
Po

4 
to make 3 ~ Po

4 
• Discard ppt. 

(6) 

(7) 

(8) 

(9) 

Steps 2 through 5 are repeated alternately or consecutively until 
the desired degree of purification is obtained. For the purifications 
noted above, 10 fluoride pptns a.nd 9 phospho. te pptns were Jn.D.de. 
After the lOth fluoride ppt had been meta.thesized to the hydroxide, 
the following procedure was used: 

Dissolve hydroxide ppt in 10M HNO~, muke .01 M Fe+++ and oxidize 
Ce+++ to Co++++ )4ith solid sodium JJismuthate (Warm to speed up 
reaction.) (Ce+ will.now curry on the Zr

3
(P0

4
)
4 

ppt.) 

Repeat stop (5). 

Repeat (2) and (3). 

Dissolve ppt in few drops 6 N HCl, dilute to known volume and 
plate aliquot for counting. -



0 0 u 0 7 0 0 
89-2 (page 2) 

Remarks: 

The fluoride cycles decontaminate priro~rily from Po., the phosphate 
from Th. If further purification is required include more cycles in 
procedure. 

Only one milking can be made from n given batch of Pa by this procedure 
since it is difficult to again get the Pa into an oxtro.ctable form 
once fluoride ion has been added. 

It has boon found that tne La.Cl
3 thinner plate than the Lo.F3 ppt. 

in step (l) should be determined 
tolerated on the final plate. 

8/9/49 
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solution mo.kes a more adherent and 
The amount of La+++ carrier used 

by the amount of bulk that can be 
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CHEMICAL SEPARATIONS 

Element separated: Thorium Procedure by: Meinke 

Target material: Tracer Pa separated from 
60 11 bbdt of ionium. 

Time for sop 1n: Several hours. 

Type of bb\it: (1.lilking cxpt.) Equipment required: Stirrers 
and TTA 

Yield: As high as 50% possible. 

Degree gf purification: Decontaminate from 107 
c/m Po., 106 

c/m U and 
10 c/m Ac. 

Advantages: Gives carrier-free Th, a thin plato for pulse analysis and 
good purifJ.ca tion although not speed. 

Procedure: 

(1) Nitric acid used throughout. Make sample ·6 N acid and TTA 
extract (vvith .4M TTA in benzene) 5 times with double volume 
of TTA -- stirring 5 minutes for each extraction. (Removes Pa 
into TTA r...,~ 70% or more per pass). 

(2) Evaporate to dryness (wash twice with water and take these 
washings also to dryness) and take up in acid pH 1.0. TTA 
extract with equal volume (.25M TTA in benzene) stirrinr; 15 
minutes. (Th into TTA but not-u or Ac.) 

(3) Repeat 'ITA extn of (2) w.ith fresh TTA and combine the extns. 

(4) Wash 'ITA with equal volume of pH 1.0 soln for 15 min. (U con­
tamination into acid.) 

(5) Wash TT.ll. with 6 N acid (equal volume) and stir 15 min. (Th into 
acid). 

(6) Repeat parts (2), (3), and (4). (Repeat ·wash as in (4) if 
necos sary for further U purification.) 

(7) Plate out the .25 l\J TTA on Pt p1a tos and flame. 

Remarks: Sec curves of Hagemann for % extn into TTA vs pH for Th and Ao. 

8/24/49 

P-18-25·1 

At pH of 1 Th should go into the TTA almost completely but U should 
only go in less than 10% -- perhaps as little as 2%. Ac will not 
go into TTA until about pH 3 or so and of course Pn goes in up to 
about 6 or ON. acid. -
pH conditions for separating Th from U by TTA cxtns are quito 
critical! 

Equivalent and molecular weight of TTA is 222 gms. 
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CHE~UCAL SEPARATIONS 

Element separated: ux
1 

(Thorium) Procedure by: D. B. Starm.rt 

Target mutoric.l: uo2 (I·J03 )2 .6~0 in which 
ux

1 
has como to cqu1librium 

Time for sop 1n: 24 hrs. 

Equipment required: 40 ml 
centrifuge cone 

Yield: 50,000- 10,000 cjln from 20 g UNH. 

Degree of purification: factor of ~ 106 from U. 

Advantages: Good yield with small amount of inert currier (Very voluminous 
insoluble precipitate) (Uranium docs not precipitate at all) 

Procedure: 

(1) 

(2) 

(3) 

Remarks: 

Dissolve 20 g uo2 (N03 )2 .eH20 in 20-30 ml 0.01 N HN03 in a 10 ml 
centrifuge cone a.nd warm solution to about 80°-c in a hot water 
bath. Add 0.5 mg - 1 mg Zr carrier as nitro. to. 

Add 5 ml of a saturated solution of m-nitrobenzoic acid in water 
nnd continue warming for about 1 hr. Let 'stand overnight. 

CentrifugeJ decant supernatant, and wash Zr(C
6

H::,No2coo)-1 tv'licc with 
0.01 E: HJ:J03 + m-Nitrobcnzoic acid. 

Saturated solution of m-nitrobcnzoic acid made up by dissolving 400 
mg. of the material in 100 .ml H2o. Heat to 80°C. Allow to stand several 
hours & filter to remove excess and impurities. 

7/28/19 
P-18-' 81 
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CHEHICAL SEPARATIONS 

Element separated: Thorium 

Pc.rent material: Tro.ccr Pa a.nd daughters 
(both a & K) 

Procedure by: Thbinko 

Time for scp'n: rJ 3/4 hr. 

Milking experiment Equipment required: standard 

Yield: Only rv 40-50% Th per cycle 

Degree of purification: 2-3% Ac carried per cycle - other clements decon­
taminated by fo.ctor of at loa.st 100. 

Advo.nto.gcs: Good procedure if Th present in N so.mo amount as othc r 
activities. 

Procedure: 

Pa daughtcr3 in 6 .!'!, HCl after milking from Pa in TT.ll.. (91-1 ). 

(1) To IV 10 cc daughter soln ad~ l/2-1 mg Zr +4 carrier o.nd cno4gh 
H

3
Po

4 
to make rV 4!;! in P0

4 
-. Centrifuge ppt (carries Th+ ). 

(2) +++ Add to tho ppt 3 mg La currier and dilute with 1 N HCl. Add 
HF,digost and centrifuge. 

(3) Motathosize the fluoride ppt to hydroxide by adding cone KOH. 
Centrifuge. Wash once v1ith alkaline vmtcr. 

(4) Dissolve in HCl und repeat stops 1-3 reducing amount of La carrier. 

(5) Plato o.s tho 1o.c1
3 

soln, fla.mc and count. 

Roma rks : 

Zr3 (P0~)4 ppt quite specific for currying Th+
4 

from other clements 
in thcneavy region. Yield lost in tho La.F3-La(OH) 3 pptns. 

Do not usc this procedure if more purificition noodod than given by 
2 eye los s incc tho Th yield will be very low.· 

IAC1
3 

soln ·when cw.poro.tcd sticks to Pt plo. tes much bettor than the 
ppts encountered in this procedure. 

8/12/49 
P-18-;})51 
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Solution of Thorium Ectal and Thori~m Dioxide 

Thorium metal can be dissolved rapidly in cone }~1 but a considerable 
amount of black insoluble residue is fo nned in the process. If a few drops 
of (~rn:4 )2SiF 

6 
sqlution (enough to make N o. 1 !) arc added to the HCl before 

solution is started the black residue is dissolved~ leaving only a small 
residue of thorium oxide (<1%) in the clear solution. 

Thorium metal can be dissolved in cone. HH0
3 

wit.~ the addition of 
(NH4 )2SiF6 (or HF) to .o l.zl• The metal becomes P.assive to the=solutioh 
from time to time requiring further additions of acid and SiF

6 
• 

If the excess HN0
3 

is'- evaporated off care should be taken not to allow 
the solution to go comrletely to dryness or difficul tlysolublc Th02 will 
be formed. 

If it is desired to dissolve Th021 tho Hl~03-(NH4 ) 2SiF6 solution should 
,be used and the mixture heated with stirring for several hours. Th02 when 
first formed is much more soluble than after prolonged heating. 

!-Tote: A bombardment of 50 mg 13% ionium (Th
230

) in thorium (Th
232

) mixture 
in the dioxide form should be mentioned here. The hydroxide was pptd and 
heated in a Pt crucible until only the dioxide romained~i :ffi.is dioxide was 
then packed into aPt "boat" 1 11 :x 1/2" x .085 11 and wot;/a few drops of 
sodium silicate soln. Tho mixture was then dried under a heat lamp, more 
silicate added and again dried. The boat was then flamed over a Fisher 
burner. 

It was found tho. t a target prepared this way could withstand considerable 
mechanical shock and also the high target temperature produced by tho GO" 
cyclotron deuteron beam nithout breaking the silica crust. 

It rtas also found that the target material could be ruther easily 
scraped out of the boat and mostly dissolved in 5 or 6 hours -- after several 
additions of mro

3
- SiF 

6 
= so ln. 

8/15/49 
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CHEMICAL SEPARATIONS 

Element separated: Protactinium Procedure by: 

Target material: rJ 10 r;ms Th :rretal 

Time of bbdt: 60" D+ bbdt and 18411 

bbdt all particles 

Time for sep 1::t: 1 1/2-2 hrs. 

Equipment required: Centri­
fuge Kjeldnhl flasks, 
dry ice and stirrers. 

Yield: Ro~ghly 10% through entiro chemistry 

Degree §f purification: Separate from all elements by a factor of at least 
10 • For further purification from Cb and Zr do more DIPK washes. 

Advantages: Gives carrier-free Pa on weightless plates for pulse analysis 
and counting. Purification can be made more extensive by repeating 
individual steps. 

Procedure: 

(1) 

(2) 

(3) 

Nitric acid used except where indicated othenvise. Dissolve Th 
metal in cone. HNO rJ .01~ in (NH

4
)2SiF

5 
soln (25 cc acid and 

3 or 4 drops of 1/~ M SiF
6 

soln usually sufficient to dissolve 
10 gms Th.) -

Dilute to rv 4 N acid and Th+4 con. less than 0.65! (Greater ccn. 
of~ salt intorfcrs with pptn.) 

Add to i!:O cc ~h (No
3

) Ll. soln in 4 !_ HN0
3 

an excess of Mn(N0
3

) 2 • 
(1/2 cc of 50josoln §ufficient.) 

(4) Add 1.5 cc IWm0
4 

soln (40 mg/cc). (Pa carried quantitatively 
on 1.5 gm/li ter Mno

2 
ppt.) 

(5) 

(6) 

(7) 

(8) 

(9) 

(10) 

P_l8-259 

Digest o·1rer water bath, ccntrifure o.nd pour off supn. 

To ppt. add few drops of 4 N acid and dissol w in a few drops of 
sat. soln of mr

2
oH•HCl. - . 

Dilute to required volume and repeat pptns. three times,rcducing 
volume each time. F ino.l volume is a few cc 's. 

Mo.ke so ln 6 llf HNO or HCl. Extract with 2-3 times volume of di­
isopropyl ketone tDIPK) shaking together for 1/2 min. in Kjeldahl 
flasks and separating phases by freezing aqueous layer with dry 
ice - c.cc to no mixture.. (FCL into DIPK ;._, 60% yic ld/po.ss). 

Wo.sh DIPK layer with 3 washs of an equal volume of soln l !! HN0
3 

o.nd 3 ! ~lli4No3 in successive flo.sks. 

Pa then wo.~hed into 2 successive portions of .1 .!!_ HN03 • 
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(11) DIPK extn repeated once and .1 ! solns combined and made 6 ! HN03 • 

(12) Equal volume of TTA (.4 N in benzene) stirred for 5 min. with 
the 6 1J acid - (Pa into TTA.) 

(13) Organic layer washed once with equal volume 6 ,! mw3 • 

(14) The Benzenc-TTA plated out on platinum. 

Remarks: The nm't ofF- introducec by the .01 ~ ~TII4 ) 2SiF6 is not enough 
to complex an appreciable amount of the Fa. lracos of Pa aoppt 
with good yield from 1- 5! HN03 soln less than .65 MTh+ on 1.5 
gm/liter Mno

2 
with good separation from macro am't of Th. A concentra­

tion factor of at least 10 can be obtained by those pptn cycles. 

Any Th and fission product that extract into DIPK are washed out in 
t:fu.e acid-salt washes. 0.1 N mro

3 
used to wash Pa out of DIPK keeps 

Po: from hydrolyzing to the 'Co llo1d state. 

Tho Pa must never get very ncar a neutral pH or it will go into the 
non-extractable colloid. 

TTA separates Pa from all elements formed in bbdt except Zr, Cb, and 
Hf. DIPK extracts only Pa and U at these cons. lfu02 carries Pa, 
Zr, Cb and maybe some others', but does eliminate things like I which 
might solvent extract through the other chemical procedures.-

8/24/49 
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CHE2:ICAL SEPARATIONS 

Element separated: Protactinium Procedure by: Meink3 

Target material: Th(N0
3

)
4 

or thorium metal Time for sElp 1n: 2 minute 
. minimum,avcrage 15 min. 
with metal 

Type of bbdt: 60 11 & 184 11 
- all particles Equipment required: stirrer 

Yield: 40-80% 

Degree of purificaticn: Factor of at least 100 from all elements present 
except Zr, Cb, Hf. 

Advantages: Fast, weightless plate & Pa, good for alpha pulse analysis. 
Zr & Cb fission products coming through procedure make Gei~er counting 
of Pa impossible without more chemistry. 

Procedure: 

(1) 

(2) 

(3) 

(4) 

(5) 

Remarks: 

Dissolve Th metal in cone. HN0
3 

'l'oA• ~1 ! in (NH4 )2SiF 6 so ln. (25 cc. 
acid and 3 or 4 drops of 1/5 ~ SiF6 sol'n sufricient to dissolve 
10 gms Th.) Th(N0

3
)
4 

can be dissolved directly in 4! HN0
3

• 

Dilute to '"' 4 1J acid. 

Add.equal volume of TTA (.4 III in benzene) and stir for 5 minutes. 
(Pa, Zr, Cb into org.anic layer). 

If want somev.Jhat better :;JUri fica tion wash TTA layer v1i th equal 
volumeof· 4! Hiir0

3
• (£.1\y lose up to half Po. yield in this wash.) 

Plate out benzene- TTA layer on platinum. 

TrA separates Pa fromu.ll elements formed in bbdt except Zr, Ch, & Hf. 

This method used for excitation function work where as many ns 
16 foils are worked up simultanecusly. Identical amounts of rearents are 
added and each sample subjected to the same procedure, r,iving approximately 
equal chemical yields for each foil (to within 5 or 10%). 

P-18-5 
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CHEMICAL SEPARATIONS 

Element separated: Protactinium (N 2 mg) Procedure by: Cro.ne 

Removal of macro amounts of Po. from ro.re 
earths, Mn, Zr, iron 

Time for sep'n: Several days 

Yield: rv 80% Equipment required: union 
exchange. resin, beakers, 
hot plo. te, centrifuge 

Advantages: Takes Po. out of colloido.l state 

Procedure: 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

. +4 +4 Add ten tlme s us much Zr o.s you ho. ve Po. (IV 20 mg of Zr ) mo.ke 
3 Min HF and o.llow to stand for several hours. Then udd excess 
Bo.+2 ion; Po. co.rries on the Ba.ZrF

6 
ppt. 

Check floride
4
solution for Po. o.ctivityv If cn.rrying not complete 

a.dd 10 mg Zr+ o.nd digest o.t lowtempera.ture for n fe·w hours. 

Combine Ba.ZrF
6 

+ Po. ppts and dissolve in cone. HN0
3 

+boric ncid. 

Dilute a.nd precipita.te Zr + Po. o.s hydroxide with KOH. 

Redissolve ppt in cone. HCl. Boil this solution for a. few hours 
then mo.ke HCl 8 ~ o.n~ absorb on union exchange resin (D~~ A-1 
used in 20 em x l em colunm; flo·w ro.te rv 1 drop/min). LIO.Sh resin 
with 8 M HCl. 

Elute with 4 M HCl. Po. will come off in rv 15 column volurr.ns. 
(Uranium requires I'V 45 column volumns). 

Alternate step for (!):If desired n.nd solution of Po. does not 
contain too much ZrT and other floride complex ions the Po. 
solution mo.y be n.bso1>e8 directly on the resin from. a. 3 ]! HF soln, 
washed with cone IICl;elf.uted with 4 H HCl. 

(7) Fina.l solutions of HCl a.re then concentra. ted, mo.de 6 M HCl n.nd 
Po. extracted into equal volume diisoprppyl ketone. -

(8) The Po. is taken buck into .1 volume 0.1! HN03 solution and 
ma.de 4 M in HCl to keep Po. from forming colloid. 

B/17/49 
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CHEM:ICAL SEPARATIONS 

Element separated: Uranium Procedure by: Crane 

Target material: v-.20 g~ of Th metal Time for sep 'n: Several hrs. 

Type of bbdt: 184" bbdt Equipment required: Centri­
fuge,Kjeldahl flasks, 
dry ice and stirrers. 

Yield: \A 90% 

Degree of purification: Se§ata.te all elements in Th fission by 
factor greater than 10 ~ 

Advantap:es: Gives carrier free Uranium• 

Procedure: 

(1) Nitric acid used except where indica ted otl:lerwise. Dissolve 
Th metal in cone, HN0

3 
&=V" .01 Min (NH

4
)2SiF6 (50 cc acid 

and \A6 drops 1/5 M S1F6 - Solution usually sufficient to 
dissolve 20 gram Th metal). · 

(2) Evaporate to near dryness & redissolve in 1 ! HU0
3 

and 
saturate with Nl~N03 • 

(3) Ether extract uraniu;n using 3 separate portions of ether 

(4) 

and combining; wash twice with .l~HU03 + 10~NH4No3 • 

Extract uranium back into water solution. 
~ 1 mg/cc solution 

Add La.+++ carrie•r 

(5) ppt hydroxide with NH4 0H. (carries uranium) 

( 6) 

(7) 

(8) 

(9) 

(10) 

Remarks: 

6/16/49 

Dissolve in 6 ! HN0
3 

and add Zr +4 scavenger ( t." 1 mg/cc), 
dilute to 3 N acid. 
Add iodic acid to ppt ZrO(ro

3
)
2 

to scavenge solution. 

R . t d ppt La+ 3 h d . d emove superna ten an as y roxl. e. 

Dissolve in 1 ~ HN03• Saturate with NH N03 and ether 
extract using 3 separate portions of et~er and combining. 

Wash.twi~e with .1! HN03 + 10! NH4No3 andre-extract 
uran1um 1nto water. 

Use one part ether, two parts salt solution in extraction. 
vVash ·with equal volume salt solution. 
Re-extra.ct into half volume water. 

In step 7 do not add excess iodic acid or La will also be 
pptd. Add just enough to ppt the Zr as ZrO(I0

3
) 2 , otherwise 

much yield will be lost. For ether extr·~~otion of uro.nium sec: 
,\. 8. Ne·wton, Phys. l?.cv. 75 209 (19<1,9). 
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CHEMICAL SEPARATIONS 

Determination: Acid equivnlent, i.e., 
+ H & carboxyl 

Tc.rget material: Alcohols (ethanol) 

Type of bbdt: 10 Mev p 

Yield: quantito.tive 

Defree of precision: ! 1% 

Procedure: 

Organic Acid 

Procedure by': !Jewton & 
McDonell 

Time : 10 min. 

Equipment required: burette 
glo.s sware 

(1) Dilute 5 co of irradiated sample to 20 oc with water or neutral 
etha.nol. 

(2) Add 3 drops 1% phenolphthalein indicator solution. 

(3) Titro.te with 0.1! lJaOH to sharp phenolphthalein end point. 

(4) Acid equivalents = vol. of alkali x normality. 

RolllD.rks: 

A blank should be run on the ethanol to insure neutrality. Other 
substances besides free H+ o.nd co.rbc-,.c.yl thnt titrate fast 
with NaOH incl ud~ scwrnl phe no 1 s I lo.c tones (inner esters) ' and 
some esters. These must be determined by further analysis. 

References: Standard Orr.anic Analyses Texts 

8/12/49 
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CHEMICAL SEPA&\ TIONS 

Substance determined: Carbonyl Procedure by: Newton & 
McDonell 

Target muterinl: Alcohols ,(othnnol) Time for sop'n: one day 

Typo of bbdt: p (rvlO Mev) Equipment required: 
Pyrex test tubes 
burettes, pipettes 
s tea.n bath 

Yield: Qunntitntivo precise to ~ 1% 

Procedure: 

(1) 

(2) 

(3) 

(4) 

(5) 

Remarks: 

To 5 cc (l) (pipette uc1~)n.cy) of irradiated ctlcohol add 3 cc 
hydroxy~nminc roctt3ryt (pipette accuracy) and 5 cc of buffered 
indicator reagent (grn.dua.ted cylinder). Trent a. bla.A~ of 5 cc 
absolute alcohol identically in all steps. Seal in a. ;-§Oifi'ffstubc. 

Heut in steum bath 2 hours(4
). Allow stund to cool overnight. 

Brenk the bomb tube, rinse quantitatively into a. i'lnsk vdth measured 
portions of 95~ ethnnol. Trent blank identically. 

Titrate sample to tho Erecnish blue end point color of the blank 
(or ti trn tc both sample n~g )~S~~lf) to s::~.me end point color) with 
alcoholic 0.5 N Na.OH soln. · 

Co.lc. equivalent wt. of nceto.ldchyd0 from the 
of blo.nk nnd so.mplc, assumine; the ti tro.tion is 
tion by tho reo.ction: 

:::.0 
H3c-c .. $ + 

+ RsN OH --~ H C-C=NOH 
3 H 

(8 )(9) 

difference in titre s · 
n hydrogen dctcrminn-

(1) About 0.001 moles of carbonyl is maximum sample size for the 
specified reagent quantities. 

(2) Prepare 0.5 M hydroxylamine solution by dissolving 35 g of hydroxyl­
amine hydrochloride in 160 cc of dist water o.nd diluting to l liter 
with 95% cthc.nol. 

(3) Prepare buffered indicator soln, 20 cc C.P. pyridine to 1.0 co of 
1 percent alcoholic brom phenol blu0 indicator nnd diluting to 
500 cc with 95% othc.nol. 

P-18-171 



(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

8/11/49 
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4 
Orgunic-curbonyl 
(Page 2) 

Excessive heating ()5 hrs.) causes a. breakdown of the hydroxylamine 
salt with inaccurc.te results, 

Alcoholic 0.5 1J NaOH is prcpa.red with 90/~ methnnol rather than 
ethanol, since-the la.ttcr oxidizes in uir, producing nn aldehyde 
which resinifics in base, coloring the soln. Standardize vs 
standard HCl. 

The water content must be nearly identical in blank & sample, since 
it affects indicator color and buffer action of pyridine. 

Tho end point colors may be matched to em accuracy within a fraction 
of n drop, i.e. ~ 0.02 ml. 

The pyridine buffer allows effective titration of 
+ without interference from ex~s H3N OH. 

RCHO + HONH3 + + I-~ - I 

Ref. Bryant & Smith JACS ~7 (1935). 

.j.• 
liberated H 
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CHEliTCJ\.L SEPJ\.RATIOHS 

Determination: Saponification 
Equivalent (esters) 

To.rgc t mo. terio.l: alcohols (ethrmol) 

Type of bbdt: p (10 Mev) 

Yield: Qualitative only 

Procedure: 

5 
Organic - Esters 

Procedure by: Nev1ton & 
McDonell 

Time for sep 'n: 1 day 

Equipment required: 
glassware 
steam bo. th 

(l) Seal 5 cc irradiated sample + 2 cc HaOH soln(l) in Pyrex glass 
test tube. 

(2) Heat for 2 hrs. with occasional agitation in a. steo.m bath. Trout 
a. blank ethanol sample identically. 

(3) Cool tubes, brenk and rinse into beaker. Add excess st~~'~3' acid. 
Titrate with sto.ndo.rd No.OH to phenolphthalein end point • · 

(4) Difference in quo.ntity NnOH be~~een blnnk and sample as determined 
in the(~~~~~ tions is cited o.s equivalent to maximum possible 
ester. 

Remo.rks: 

(1) HnOH solution made by diluting 20 N o.q. No.OH to 1 N with absolute 
ethnnol. 

(2) Presence of o.ldohydes causes brown discoloro.tion (condenso.tion 
resins) of irradiated sumples'o.nd yellow in tho blank. Considerable 
dilution is nooesso.ry to enable o.n accurate visual end point deter­
mination. 

(3) Alkali consuming interferences include Cannizzaro reaction on 
aldehydes. Poly functional compounds such a5 ~-diketones and ~-keto 
esters undergo cleavage, etc. 

· (4) It is emphasized that this ?rocedure comprises merely a qualitative 
test for the easily saponifiable esters (ethyl acetate, ethyl 
formate, methyl acetate, etc.) expected in ethanol bombardments. 
For accurate determino.tion in the presence of aldehydes, or for 
difficulty saponifiable esters, considerable refinement in pro­
cedure is necessary. Ref. Shriner and Fuson "Systematic Ident. 

8/12 /49 
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of Org. Cpds. "John Hiley & Sons, New York, 1948. p. 128 and other 
standard organic analysis texts. 


