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Chemical Procedures Used in Bombardment Work at Berkeley 

w. Wayne Meinke 

Department of Chemistry, Radiation Laboratory 
Uni vel'S i ty of Cs. lifar nia 

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 J separating atone time or another about 

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 se para tions. 

, With nevI high energy accelerators e1 ther being planned or being 

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

used at Berkeley. Many times these procedures can be used exactly as . 

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 and 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 degr~e 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 as 0. 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. Tho time of 

P-18-293 
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separation in general refers to the time required to perform the ope~-

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

the target. Any special equipment requ5.red for the procedure has been 

noted. 

The portion of the heading re~ding 'iprocedure byll should actually 

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

to acknowledce all the sources of information thnt have gone into the 

formulation of these procedures. Iiffnny nrc udapta.tions of the fission 

product procedures (1) while others combine experimental data with datu 

1. RADIOCHE}f.[CAL STUDIES:. THE FISSION PRODUCTS, Volume 9, Div. IV 

of the l'Jational l'luc lear Energy Series, McGraw-Hill Publishing Co • (1950). 

prescntedin standard books on analysis. 

The type 6f bombardment fo r which each so po.ra tion has been used is 

also noted in the heading. Where no energies a re indica ted. one may 

assume the procedure a pplicable. to full energy bombardments. .The full 

energy particles of the accelerators used are: 

18411 cyclotron: 388 riev alphas, 348 M~v protons, 194 ~.bv deuterons 

60 11 cyclotron: 37 Uw alphas, 9.5 Mev protons, 19 W.sv deuterons 

Lineo.r accelerator: 32 I\,fev protons 

37 11 cyclotron: ~6 IJev pr otons 

The purpose of this compilntion was to make for our laborntory a 

working file to which new procedures might be added ns they a.re developed. 

The procedures were written up by the chemists us ing them and edited by 

tho a.uthor. 1'Then there were vo.riations in target matorio.l, time for 

separntion. or type of bombardment, sepo.rnte procedures which may differ 

only slightly were included. This wns done in ordor that each procedure 

might be as complete as possible within itself. P-18-294 
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General chemical separations .for the ma.ss spectrograph. 

For the m.s., it is necessary to have 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 spectro-

graph does this. It 1! necessary to get the sample in a small volume, with a 

minimum of carrier and a minimum of accompanying salts. 

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

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

Nearly all other methods depend on the ,carrying properties of homologucs 

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

car.rier. 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) on Ni fo il, dissolving the Ni in Hl'J'03 ,and carrying the Di away 

on La (OH)3' Bi is then separated from La by ppt 50 llg' of Bi wi t;h H2S from a 

very small vo lume of solution. 

Electroplatine offers ~Any unexploited possibilities. but should certainly 

not be lost sight of, simply beoause it has not been used. For many meta.ls, 

it is possibly the best available method. 

7/12/49 
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Exerpts from Thesis on Spallation Products 0 f Arsenic with 

. 190 Mev Deu,terons- (UCH.!;:.- 312) H. H. Hopk:ip~'.~~ 

Abstract: Purified arsenic has been bombarded with 190 1~v deuterons. 
Following chemical separation of chlorine and the 11 elements chromium 
through selenium, an analysis of the radioactivities in each fraction showed 
the presence of a total of 40 isotopes. 

BOl!l~.<!ll!.e.nt Procedure: 

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

The duration of a bombardmen t was usually one hour. The beam attainable 
was about one microampere, but costly expe.rience proved that the dissipa­

,tion of the effective power caused volatilization of the target. Cutting 
the beam intensity to 30;;[, eliminated this loss of arsenic as 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: 

The 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 are conoerned with. Finally, separations 
were conducted by distillutions, solvent extractions, and precipitations. 

The degree of separation required of tho chemical procedures is det­
ermined by the radiation characteristics of the isotopes of the different 
elements und the relative intensities of the radiations. Thus, to identify 
conclusively tvvo isotopes of different elements, of similar half-life, 
radiat ion properties, and yield, 0. separa.tion of about fifty to one is 
required. In the caSe that the isotope of one element decays by olectron­
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 
efficioncies. Correspondingly, tho elemental fraction of the eleotron­
oapturing isotope mus t be separated by a. greater fuctor, of the order of 
500" since smal1 a.mounts of the beta emitter would introduce considerable 

'error in counting the x-rays of the e lectron-cnpturing isotope. For cases 
where the half-lives differ considorably, other5§onsiderations must be applied. 
For exrunple in the iron frac'liion only 47 day Fe is observed, While the , 
longest gallium period is 3'~9days. Thus wherea.s gallium isotopes are fanned 
in far grea tor yield than Fe ,no chemical seP5gation is necessary, since 
all gallium isotopes will be dead before the Fe has decayed a.ppreciably. 

P-18-150 
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Thequo.ntity of a radioelement present is of the order of 10 mole. 

Thus, while this amount would undergo distillation and extre-ction just as 
milligram amounts of the clement, most procipitations could not occur since 
solubili ty products wouid not be exceeded. Therefore mil,ligro.m amounts of 
the c laments a.re added to funotion as carriers. The exchange of the radio­
active isotopes with ions of the added carriers is believed to be complete 
in hot acid solution .. No evidence such as crossconta.mination or widely 
varying specific a.ctivi ty indicated that this wns not the co.so. Another 
reason for carriers is to minimize adsorption on precipita.tcs. 

A description of the separation of the elements into three groups 
will be presented, followed by 0. discussion of specific methods for individual 
elemonts. 

1. Tho Germanium, Arsenic, Selenium Group. 

These throe clements may be distilled from 9 N hydrobromic acid and 
bromine as the bromides. An o'lternative is to sublime-the arsenic beforo 
dissolution in nitrio acid. tilhen this is done arsenic and radioselenium 
separate from the other radioelements. Germa.nium may subsequently be separ­
o.tod from the rosidue by distillution ,,-rith hydrochloric acid. 

This group may also be preo ipi to. ted by hydrogen sulfide in aoid solution 
and subsequently dissolved in ammonium hydroxide. The clenr filtrate will 
contain only tho thio-snlts of germnnium, arsenic, and selenium. 

2. Iron and Gallium. 

These clements arc readily extracted into other, from 5.5 to 6 N 
hydrochloric o.oid. Iron must be in the ferric state. Washing the organio 
le-yer with more hydrochloric acid removes other groups which extract to n 
lesser extent. 

3. Chromium, IvIangnnese, Cobalt, ~Tickel. Copper,and Zinc. 

This group ca.nbe separated from the first by tho use of arrnnonium 
sulfide. The ,sulfides nrc usually dissolved in concentrated nitric o.oid 
in the presenoe of solid potnssi um chlorate I and subsequent procedures 
separate the clements one at 0. time. 

8/11/49 
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Diagram of Separation Procedures. 
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Exerpts from Thesis on Characteristics of Bismuth Fission wi th • __ ~#r ____________ ~ __ ..... ____________________ ~ __ ~_~~~ ______ _ 

!L~g~_Energ~J'articles - (UCRL 251) - Robert H. Goeckermann 

Introduction: 

The yields of nuclides resulting from 190 }.1ev 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, Ho, Ru. Pd, Ae;, Cd, Sb. Te. I, Cs, Ba., ce, and Eu. 

1?c.>~~~ t ._'r:.e...?_}miq~.e : 

The circula ting beam of the 184-inch frequency-modulated cyclotron was 
used almost exclusively because its intensity is much grea·ter 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§9necessary to use an internal monitor--in this case 67 hr 
9 -emitting Lfo " ---in each b6~bardment and measure all yields rela ti ve to 
it. The absolute yield of lio ~ _~as later determined using a defleoted 001-
limated measured peam(3.0 x 10 p.a) of 190 l.1ev deuterons. 

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

Chemioal Procedures: 

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

and 
stored in a closed calibrated glass container. A1iquots of this solution 
were used for the study of the acti vi ties of a particular element. Li ter 
amounts of oarrier solutions had been prepared. by weighing out some suitable 
compound to contain 10 mg/ml of the element. (A few of these oarrier solutions 
have been standardized and fo und to be accurate within 10%.) One or trIO 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 active and inaotive atoms taken in some oases, 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 thOot the yield of spallation products is several 
times as great as the yield of fission products. Part or all of the purified 
element was then pr~cipitated as a weighable compound, filtered through a 
Hirsch funnel on a tared~ 1 cm diameter filter paper and the chemical yield 
determined. The filter paper is washed and dried like the precipitate it will 
carry prior to taring. ~b st of the chemistry used was adapted from fis sion 
product procedure reports to appear as part of the Nat ional Nuclear Energy 
Series. The procedures are outlined here primarily because no oompilation 
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 case. 

S/1l/49 
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Exerp-m from Thesis on Nuclear Reactions in Antimony wi th H.i_g~ 

~.n,ergy Pa_rtic_~~: (UCRL-l43) - Mlnfred Lindner 

Irradiation with 200-N~v 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 between these limits was a18'0 formed. 

\ 

The elements listed below include those which were identified from the 
complex,mixture of spallation products of high-energy deuterons and alpha 
particles 6fthe 184" cyclotron: 3SY' 40Zr , 41Cb , 42 1YIo , 43Tc , 44Ru , 45Rh, 
46Pd , lJ....fg, 48 Cd, 49 In, 50Sn, 51Sb , and 52Te • Zr, Co, and To were not 
lnvestigated, and rfiodium provea too difflcult to remove from the complex 
mi·xture. However I the remaining elements I Y, Mo, Ru. Pd, Ag. Cd, In, Sn, 
Sb, and Te were investigated. Since many of the products of lower atomic 
number (Y, Mo. etc.) were found to be formed in exceedingly 1mv yield, it 
was necessary to effect complete separntion of a given element followed by 
several repurification steps. A known weight of carrier (usually twenty 
milligra.."Il.s 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 precipitates. The following procedure was found to work satis­
factorily for the separation of those elements listed in table I exce pt for 
Zr. Cb and Tc. 

The dimensions of the lIl3 ta1lic antimony targets were about 1 mIn X 2 mIn 

X 30 mIn. 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 
ha.lf-life. due to the tire involved in separation and purificat ion. In 
such instances lit wns usually necessary that initial efforts be ooncentrated 
in isolation of such a short-lived activity or that the chemical procedure 
be shortened if the separation nnd decontamination from other elements is 
not seriously impaired. 

8/1l/49 
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Exerpts from Thosis on Radioactivities Produced in the Platinum Group by 
-Bo-mbo.-rdmcnt of Uranium-wIti1400·"lleVHeYi·uni-Ioris -----

(UCRL-123) - Richard D. Wolfe 

Abstract: 

The pUTpose of the investign tion was to determinp the yield of 
ro.dioactivities of the platinum group metals (ruthenium, rhodium, pc.llc,dium, 
osmium, iridium, and platinum) produced when natural uranium is bombardod 
with 400 I{cv helium ions. Tho reason for interest in the yields of these 
motels is that the last three lie in a region whore the plot of yield vs. 
mass number may change from a fis sian-yield curve to n spnlla tion-yield 
curve. In addition, the first three lie in n region which should indicnte 
whether the center of -the curve has n dip (as does the slow-neutron fission­
yield curve), or a single maximum indicating symmetrical fission (ns in 
the case of bismuth and thorium) • 

. Rc,diochemistry of the Plo.tinum ElcmGnts - --..." . 
"The chemistry of the six platinum elements 44Ru, 45Rh, 46Pd, and 760s, 

77Ir, aPt is notoriously complex. Their separatHlD, purification, an~ 
quantiintive determination is a classical ~roblom of long standing. The 
electron configuration of the first three partially fills the 4d orbit, with 
the possibility of adding 10, 9, and a electrons respectively for ruthenium, 
rhodium, and palladium in order to fill out the 5s nnd 5p orbits and form 
the stnble noble-gus" configUration of 54Xe. Similarly, osmium, iridium, 
and platinum partinlly fill the 5d orb~t, and can add 10, 9, and a electrons 
respectively, filling the 6s and 6p orbits to attain the noble gas structure 
of 86Rn. Because of this electron structure,a11 six elements enter into 
~ vast number of coordination complexes, with almost any radical or clement, 
charged or neutral, which cnn furnish an unpaired electron. Their chemistry 
is thus charo.cteri~ed first by extensi va complex formation in which all 
six behave very similarly and are thorofare difficult to separate; und 
secondly by difficulty in getting the clements into solution, nnd once they 
arc in solution, further difficulty in getting them quantitatively out of 
solution. 

A number of satisfactory schemes are presented, in the 1iJierature for 
quantita:tive and qua1itntive determination of those elements. Howevor, 

~----.---- ------.-------------------------------
4. Ancllysis of Plntinum Motuls, Bur. of Standards Sci. Paper No. 532 

(1936); Jour. of Res. 3, 99'3 (1929), 6, 421 (1931), 9, 547 (1932); 
Jour. Am. Chern. Soc. 48, 2493, 2507 (1926), 51, 175 11929), 52, 42 
(1930); Ind. a~d Eng.-Uhem. Anal. Ed. 8, 14l-r1936), 9, 420 lT937); 

Am. I.Tineral ~, 1016 ; (1937); liicrochem7 !,!, 20 (1938)7 

these schemes nre genoro.lly inapplicable , without cxtens ivc m,)difica tion, 
to fiSSion product procedures. In the first place, the classic methods 
aim nt separating the platinum metals from orcs or naturaliy occurring 
Sources, where conto.minating substances arc rclo.tivcly few, o.nd ure fairly 

P-18-20Q 
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well knovffi as to type. Secondly, these schem~s nim at quo.ntitntive deter­
mination of the platinum elements, entailing precise, time consuming, 
cumbersome, and involved chemical procedures. 

The fission product procedure for these elements has a different aim. 
Al though ,100~; recovery of the six elements sought ,is not required provided 
their chemical yield can be ascertlined, decontam~nation factors from other 
radioactive elements must often be as large ~s 10 and sometimes larger, 
since activities in osmium, iridium, and platinum are very low compared to 
activities of contaminants. In addition, sepnration must be made not from 
0. few known elements occurring with these metals innaturul ores, but from 
the majority of the elements in the periodic table. Finally, the separations 
performed must be relatively specific and rapid, in order to permit observa­
tion of the shorter-lived periods. 

r 

-.Ii th the foregoing requirements in mind" the literature was surveyed for 
reactions which might be combined to achieve the separations desired. Fission­
product procedures for ruthenium nnd palladium are exto.nt. Thnt developed 
for rhodium was insufficient, in that no separation 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 adaptable to the requirements. Thus the sepnration of 
iridium, rhodium, and platinum oomprised the ohief problems. 

IS seemed likely that the pyridine separation for rhodium developed by 
Ballou might be adaptable also to iridium, since the ~vo metals behave almost 

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

----"' ... -.~ ... --.-- -------------------------
identicall~ in their chemical ren.ctions. Further reference to the old 
literature established the existence of a number of pyridine complexes 

--------.----.. ----~--'"--------------------
6. Dele'pine, H., Compt. Rend. 146, 1267 (1908), 153, 60 (1911); Bull Soc. 

Chim. (4) 3, 906 (1908), (4;-9, 710, 771 (191l); Ann. Chim. Phys. (9), 
7, 277 (1917), (9) 19, 5, 145-(1923); A. Gutbeier and D .. Hoyermo.nn, 
Zeit. Anor~. Chem. ~, 340 (1914). 

-.-.-.~~ --------.~.--'-.-.--.----------------

of iridium. After ~Any weeks of trial and error, the proper conditions 
were discovered for simultaneous formation of pyridine complexes of rhodium 
o.nd iridium, and for' their extraction into excess pyridine. The method Wo.s 
finally tested using active iridium o.s n tracer, to prove the results. 
The method is !XJ.rticularly elegant Since it sepO-rates in one step from the 
bulk of urnnium in the solution, and from 0.11 of the non-plo.tinum group 
fission products except silver. Subsequent separation of rhodium fr9ID 
iridium was uchieved by adapting the method of Gilchrist nnd Wichers , 

~.-.... ---........ - ..... -.-.- - ... .-...--- -.--~-------

7. Gilchrist, R., c.nd E. 'i'"Iichers, Jour. Am. Chern. Soc. !21, 2565 (1935). 

~-----.------------------

precipitating rhodium metal from the boiling sulfate solution by addition 
of tito.nous chloride, leaving the iridium in solution. 

P-18-20.9 
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Based on the usc of ethyl uceto:be to extr~ct P10. tinum8 , a number 

8. Wobling, H., Ber.~. 773 (1934). 

of experiments were' performed to determine optimum conditions for plo. tinum 
extrnction. Clenn extr~ction of platinum reduced by stannous chlorjde wo.s 
o.ttained above four normal acid concentration. Butyl acetate was found 
preferable to ethyl acetate because of lower water solubility. 

Tho targot for each bomburdment consis ted of 0. smtl.ll strip of ura.nium 
metal, of naturnl isotopic composition, 0.04 inches thick an.d nbout two 
inches long. It was mounted on a copper holder, which was inserted on a' 
probe into tho vacuum chrunber of the cyclotron such that the beam struck 
the leading edge of the target perpendicular to the metal strip. After 
bombardment and removal of the target from the copper backing plate, the 
unbomburded, portions were cut off in order not to encumber the chemistry 
with too much inactive mo.terial. It 1,VM found desiruble to clean the 
target in nitric acid o.nd keep it in un evacuated desiccutor until just 
prior to bombardment, to prevent formution of the difficultly soluble oxides 
of urc.nium. 

Chemical yield was determined in each case by adding a knovm amount of 
stnndardizedcarrier at the start (cu 20 mg for eo.ch element), und by determin­
ing the weight of eo.ch element recovered. Osmium, iridium, platinum, ruthen­
ium, nnd rhodium were determined as the elements by precipi tut:i,on with 
mo.gnesium. Pa.lludium wns determined as Pd(C4H2N202)21 the pa.lla.dium compound 
of dimethylglyoxime. Barium is determined as fuC12 .H20. ' 
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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 efficiencyJ'ihe specific isotopes formed during 
bombardment. If the isotope is fo med in high yield and has a high 
counting efficiency the degree of chemical separation need not be too high, 
but if 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 dilute the 
activity of any elemental fraction which has a tendenoy to co-precipita.te 
or occlude during precipitation. Another method of increasine radiochemical 
purity is the use of scavenging agents. Hith 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 preCipitations made. 

In order to remove the majority of the solids from the solution, the 
copper is precipitated from a 1 N HOI 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 ammanical 
·sulfide. The chemioal proc-edures are usually adapted to meet specific 
conditions depending on the order in which elemental fractions are to be 
removed. 

The following is an example .of a separations scheme for one specific 
bombardmen t; 

P-18-192 
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Oopper Foil 

Dissolve in mw
S

' 
distill C1

2 
I-----~---~~ 01 oolloot i'n 

H262 and leOH. Ppt 
AgOr and reppt 

add oarrie rs in 
i,! HOI and H2S 

supnt. 

CuS - dissolve oonc. 
HN03 - H01 to get 
rid of mw3 • Reduce 
Ou SON ppt) reppt as 
CuSON 

s,cavenge and pptCa 
as CaC204)roppt with 
additional scavenge 

~ extract 

ppt ZnS from hot 
aoetio acid - reppt 

.as ZnHg(SCN)4 

supernate 
I ! EN03 r 

dissolve fuming HNOS -
add supnt from HAc -
boil, make 12 - 14'N 
lIN03 - ppt MnOZ 

:}, 
HZ02 extract 
Cr wash with H20 

re ppt Nfn02 

6 N HCI 
extraot-Fe 

I 
I __ C_NH~4_0H_-_NH~4C_l ___ ·+I __ -____ ~w 

I 

I 
pH 2.5 

extract So 
TTA , 

re-extract 
So 
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Fe 
extract into H20 
make 6 N HCI and 
and re-extrao t 

Cr- fina lly as 
.++ BaCr04 

from hot 3 N HAo 

L-
Ni as NiDMG from acetio 
acidsoln. dissolve in 
cone HCI reppt and weigh 
as NiDND 



! 

General- 7· 

Fission and S'p!3}.l.~ion ,of Uranium with High Energy Particles - R. Folger 

General Remarks: 

(1) 

(2) 

(3 ) 

(4 ) 

(5 ) 

(6 ) 

(7) 
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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 HCI (N03 - excluded.) After 
solution, these elements may be distilled from aqua regia byadd'n 
of HN03 and heating. 

'When lookj.ng fcr.Ag, Ge, Sr, th.e target should be dissolved in 
cone. HN03• 

Ppting uranium by passing in NH3 removes a large group of elements 
in the fonn of ammonia complexes (Co, Ni. Cu, Ag, Cd, Fd) 

TI1e 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~rmally insoluble 
compounds present in trace quantities and to /c8rt>J'i'h contaminants. 
Good scavenging agents,easily Pftd completely,are Fe(OH)3' AgOl 
from 4 ! HN03, CuS from 0.5 ! H • 

Where chemical considerations permit it is usually helpful to add 
carriers for all elements sought directly to the 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. 



General-8 

~erpts from PC,POl on "The Fis sion of Thorium wi th Alpha. Particles" 

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

~erimental Methoj~ 

The thorium used in the bombardment 'was special purity thorium metal 
produced by the group at the Atomic Research Institute a.t Iowa. Sta.te 
College. In a. long bombardment. designated as Bombardment A, of 3020 
pah of 39-Mev helium ions (impinging energy as estimn.ted by Dr. J. G. 
Hamilton) on the Crocker I..o.bora.tory cyclotron, 0. 3 1/2-inch diameter 
thorium backing plate 1/8 inch thick Was used. After bombo.rdment.a 
rr\dioo.utograph of the disk was mo.de to determine the active, a.reo.. The 
activity was then removed by milling thin layers from the active area, 
using a milling set-up in which the millings could be quantitatively 
collected. Eleven layers, varying from 1 to 3 mils in thickness, were 
removed from this target so the fission product distribution and the 
excito.tion curve for fission could be determined., The milling removed 
a.bout 95 percent of the toto.l beta.- o.nd gnmma-activity from the tnrget. 
In o.ddi tion to this; three shorter bombo.rdments of 24-hour II 2-hour, 
and 4-hour duration, deSignated 0.5 bomba.rdments BII C, a.nd 2, re~pectively, 
were obtained on thorium foils of thickness a.bout 30 mg/om using the 
interceptor set-up of the Cr~cker cyclotron. In these cases it wo.s 
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, 0. smn.ll o.mount of 
ammonium fluosilicate being added as 0. catalyst. The solution was diluted 
to a Imown volume and stored in Lusteroid tubes inside a. glass tube to 
prevent loss of acti vi ty by adsorption on glass and evaporo.tion of the 
solution. Aliquots were token for determination of each desired element. 
In each frnction, carrier was added for tho element to be sepo.rated, a.nd 
the 0 lement chemico.l1y separn ted and decontaminated from othel'o.ctivi ties. 
The elementwo.s then precipitated in 0. suitable form, weighed, a.ndthe 
chemical yield determinod. The samples were mounted on oo.rdbonrd, covered 
with Cellophane, o.nd counted on the second shelf of 0. standard countar 
set-up. 

In all bombardments the 300-hr. Ba
140 was separated in order to offer 

0. rough check on the bombardment. The chemical methods used in the 
isolation wore modifica tions of those deve loped for the fiss ion products 
by the Plutonium Project. 
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Procedures for FH terink Drying, Weighing and 
Mounting Precipitates 

Amos S. Newton 

The following procedures arc;. useful in methods vlhere a. sui table aliquot 
of the bombarded material is taken so that the entire precipitntc of the element 
desired cnn be counted. This is the most nccurnte procedure for determining 
.chemicul yields nnd allows ma.ximum use 0 f the originCll bombnrded mn terial. 
A known amount of cD.rrier is added to the aliquot· of the originnl so lution, 
the element chemically purified, and precipitated in a suitable form. 

Precipitates which are crystalline or in other easily filtered forms 
can be filtered on a Hirsch funnel (Coors size 00 or oocA are suitable). 
A tared piece of fil tor pape" 1 3/16" dinmeter (a ho.lf dollnr can be used 
as a form for cutting filter paper) is pla.ced in the bottom and the preci­
pi tate trans forred to the puperand distributed evenly on the po.per Vii th 0. 

transfer pipette, being co.reful not to nllow the precipitate to run off the 
edges of the paper. Any washing liquids can be tro.nsferred to the filtor 
paper in the s·rune manner. 

PreCipitates nrc dried by evacuution or in the 1100 avon. In general 
those precipitates which form hydra tos are dried by evacuu tion using a standard 
procedure for a given precipitate which has been shown to eivc the desired 
hydrate. Ovon drying or longer evacuation of such precipitates should be 
avoided as. the com~osi tion will be different. The fil -rer pnper should be 
treated with the SQme reagents, washed, and dried in the same manner as the 
fiml precipitute, and v{oighed in order to Get tho tared weight of the paper. 

Since filter paper to.kcsup water rapidly after drying, it vrill gain 
weight rapidly on the balance unless means are ta~en to avoid atmospherio 
Cdntuct. A sui tuble weighing container for these filter papers can be made 
by grinding the lips. of two thin 50 mm wa.tch ,~lo.sses fla.t with 200 mesh 
carborundum against a flat piece of glass, being careful to rotate pressure 
points during grinding to keep the ground area perfectly flnt. These are 
then fitted together to form a sm\lll chamber. The uptal~e of water by 0. filter 

paper disc in this should not be over 0.1 mg/IO minutes while 0. weighing 
should be completod ,·"rithin 2 minutes after tnking the paper from tho vacuum 
desiccator or oven. It is both unnecessary and undesiruble to put the watch 
~lass weighing chamber in the oven or desicco. tor. If it is left in equilibrium' 
with the bo.lnnce case at all times weights .. lill be more reproducible •. Also 
of course one should avoid chipping the edge of the watch glasses between 
taring c. fil tor paper and the final weighing • 

. A convenient method of mounting is to mount the sample in the center of 
a standard 2 1/2 11 :x: 3 1/2 11 cardboard card. It is held in place by a piece 
of 2 1/2 11 x 211 scotch tape in which a cellophane window 1 3/16" diameter 
has been made, be ing care ful to plaoe the window di2cc tly over -the sample. 2 
The collophane has a thickness of onzy ('\J 2.6 mg/cm compared to rV9.6 mg/cm 
for thin scotch tape and N 13 mg/cm for tho 211 ,iI/'ido matcr~al. 

P-18-195 
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The scotch tape with cellophane windows can be prepared ahead of time 
as follo'ws. A picco of scotch tape 2 1/2" long is cut from a 2" wide roll 
and plo.ced sticky s ide down on a picco of pIa. to glo.ss. The hole 1 3/16" 
dio.mctcr is thon cut with 0. la.rgc cork borer (one co.n bo ma.de from tho holder 
for 50 ml centrifuge cones if 0. suito.ble piece of bro.ss tubing cannot be 
found). The center hole is lifted out. the outside section lifted up o.nd 
plo.ced over 0. pioce of cellopho.no 1 3/8" dio.metor so that the co llophane 
is even all o.round tho holo. 'When one co rncr of this so.mple covor is 
stuck to a. bottle for storo.ge, it will keep for about 2 weeks before the 
stickiness of the scotch tape is los't, probably duo to drying out of the 
adhesi ve. 

Precipitates which arc ignitod (Sn, Zr) arc filtered on ashless filter 
paper and ie:nited in 0. porce lain crucible. The rna. terial is then carefully 
tro.nsferred to 0. tared pctper, carofnlly spread o.nd weighed. The paper is then 
moistened with 0. few drops of dilute collodion in ether to hold the ppt in 
place. It is then mounted like any other precipitate. Only that material 
which is mounted is weighed as tho chemical yield determination is made on 
the un torial which is counted. ' 

Examples of Drying ~nd Weighing MBthods 

!Ets dried at 110
0 

~ent __ Ppt. 

Ag AgCl 

Br' AgBr 

I AgI 

Mo Ag
2

Mo0
4 

Pd Pd(dimethyl glyoxime) 

Cs CsC104 
Te Te (metal ~ 

Ru Ru (motal) 

Cd CdNH4P04'~0 

Ppts dried by evo.c.':lo.t~ 

Element , ,Pr:t.!. 

Sr SrC
2

0
4 

Bo. BaCl Z 
Rare eo.rths n.E'2(CZ04 )3 
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Ti~_(min.) dr:,rinEt_ 

10 

10 

10 

15 

10 

10 

10 

10 

10 

Time Evo.cua tion 

(2 min. , ro leo.so. 5 min.) 

(Z min. J re leo.se J 5 min.) 

(z, min.,relea.se, Z min., 
reloo.se J 3 min.) 

~gh as 

AgCl 

AgBr 

AgI 

, A~2Mo04 

Pd (C
8
N

4
0

4
H

17
) 

CsCI04 
To 

Ru 

CdNH4P04 .~O 

?oigh as 

srCZ04·HZO 

BaCIZ ~HZO 

W z (CZ04 )3 ~8HZO 

Cc Z (CZ04 )3 .10HZO 

Prz (CZ04)3·9H20 

YZ (C 20 4) 3· TEf:z0 

EUZ (CZ0
4

)3 .10H
Z
O 
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CHEMICAL SBPARA1' IONS 

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

Tar~et material: Aluminum alloy Time for sep t n:,..J 8 hrs. 
95% AI, 2 •. 25% 1!9' 0.25% Cr(+Fc & Cu) 

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

Yield: N 60% 

Dce;ree of purification: 4 10 from AI, others unknown 

ProcGdurc: 
, 

(1) Dissolve aluminum in 6 N HOI. 
carriers. 

Add 50 mg Na and 10 - 20 ng Ou 

(2 ) 

(s) 

(4) 

8/24/49 
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Precipitate Al(OH)S with slight excess of ~m40H. Centrifuge, 
pour off supernatant. Dissolve first precipltate in HOl and 
repeat, adding the 2nd supernatant to the originalo 

Saturate solution with ~S to precipitate CuS and remaining Al 
as A1

2
SSo Filter or centrifuge. 

Acidify filtrate with HOI or HNOS and evaporate to dryness. 
NR4 + salts can be quickly destroyod by boiling with a l:4 HOI-RNO; 
mixture. Residue is mixture of NaCl and Na 2S04'. 



• 

CHEMICAL SEPARATIONS 

Element separated: ~gnesium 

Target material: Aluminum alloy 
95% AI, 2.25% M~, 0.25%Cr(+Fo & Cu) 

Type of bbdt: 184' deuterons 

Yield: 90-100;10 

Degree of purification: 10
4 

from Al and Cu 

Procedure: 

12-1 

Procedure by: D. B. Stevm.rt 

Time forseprn: 4 hrs •. 

Equipment required: Beakers, 
fi 1 te r funne Is 

(1) Dissolve nluminum in minimum. dilute HCl. Add 25 mg tJg and 5 mg 
Cu carriers. Dilute to about 0.3N - HCI. 

(2) Saturate solution with H2S to precipitate CuS. Filter. Wash 
precipitate with 0.1 N -"HCI containing e. little H2S 

(3 ) Boil filtrate to expel HZS. Volume of solrn should be greator 
than 50 ml (or to give tVl mg Mg/2 ml solu"bion). Add 2-5,g 
~rtarie aeid, or slight excess over tho amount r.equired to 

. oomplex the aluminum. Neutralize with NH 40H and make just 
acid with I drop of HOI. Warm slightly. I 

(4) Add 2 g (1lH 4 )2HP04/100 ml solution and NH4 OH dropwise vJi th 
stirring, until neutral, and then 10 ml cone. NH

4
0H/IOO ml 

solution. Let stand 1 hr. or more to allow formation 6f 

8/24/49 
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Mg (NH4 )ZP04 • 
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, CHEMICAL SEPAMTIONS 

Element sepa.ra. ted: Phosphorous Procedure by: Ba.tzel 

Ta.rgct rna. te ria. 1 : eu Time for scptn: 2 hrs. 

Type of bbdt: ~i.ll 181" and 60" Equipment required: Sta.ndurd 

Yield: 60% 

Degree of purification: Fa.ctor of 100 from 0.11 activities present except 
vana.dium. Probably fa.ctor of 50 from V. 

Procedure: 

(1 ) 

(2 ) 

-3 Dissolvo target in HN0
3

• Add 5 mg P as P04 a.nd neutralize 
most of froe acid with NH

4
0H. 

~hke 1 N in HNOS and add ammonium molybdato to the warm solution 
(500 C )-(add 6 ml of molybdate for evcry'1 mg of p). 

(3) Allovt to settle for 15 minutes. Centrifuge a.nd wa.sh 'wi th 1% HN0
3

• 

(4) Dis so 1 va with NH4 0lI citra t.? so 1 ution and add HOl until the ppt 
that forms dissolves with difficulty. Add 5 mg vnnadium holdback 
carrier. 

(5 ) - ++ Bubble 802 through the solution to reduce V0
3 

to VO • Add 2 ml 
of cold ll'lgC1

2 
mixture - allow to settle 5 minutes and add conc 

NH4 OR until solution is 1/1 of original volume. AlloW to settle 
for 15 min. Ccntrifuge and wash pr~cipita.~ with 1:4 NH<i0H:HzO. 

(6) Add 5 mg vanadium holdback carrier o.nd repeat step (5). 

(7) Dissolve ppt in 1 !HN03• 

(8) Repeat (2) a.nd (3). 

(9) Weigh as ammonium phosphomolybda to 0 

Ref. Scott's Sto.nd€'.rd Methods of Chemical l'lllalysis, Vol. I, page 694. 
r. M. Ko1 thoff & Sandell, E.B •• Textbook of Quanti ta. tive Inorganic 
AnalYSiS, page 368. ' 

Remarks: 

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

++ reduced to VO sta to' & the cycle repeD. ted two times in order to rcmo'VO 
vanadium completely. 
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CHEMICAL SEPARAr IOlIS 

Element separated: Chlorine Procedure by: Batzel 

Target material: Copper Time for sop In: 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 
carrier (1-2 m1 concentrated HN0

3 
for 0.1-0.3 grams copper foil) 

(2) Distill the chlorine into a centrifuge tube containing 2 cc of water, 
2-3 drops of concentrated lIN0

3
, and sufficient AgN0

3 
to precipitnte 

the chlorine as AgCI. 

(3) Hea-\:; almost to boil ing, centrifuse the precipitate and ;-,rash with 
3 ccof 2!~ HN03 • 

(4) Dissolve the AgCl in 3 cc of 5 ! NH40H and add a dr~p of holdback 
carriers from standard 10 mg/ml solns, for Cu, Ni, Co, Zn, Fe(add 
as nitrates or sulfates) and then add 2 drops of 0.5 N KI. 

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

0H. Add 
tho 1i~ash to the supernate and addexgess AgN03 to preCipitate the 
excess iodide (5 drops of 0.5 ! AgN03 ). 

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

(7) Malee o.cid with HNO
S 

to precipitate the AgCI, centrifuge I and wash 
the precipitate -bncc with 3 ml portions of 2 .!:! HN03 • The preci­
pi to. te can be pIa ted directly or ~issol wd in NH40H 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 ~cceiver and after the copper is 
in solution add- an additional 2.5 mg to the copper solution and distil 
as stated above. In case bromine is present it may be removed by making 
the solution 0.5 M in HN03 b~fore precipitation, ~d~ing 5 mg of.B(. 

- carrier I 0.25 grams of ammonlum pe rsulfa te and bOll lng, thus oXldlzJ.ng the 
Br - ,to Br 2 and volatilizing. The solution should then be reduced with 
hydrazine and the chlorine precipitated as AfCl. 
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CHEMICAL SEPARATIONS 

Element separated: Potassium 

Target material: LiCl 

TlJpe of bbdt: alpha. 20-60 Mev 

Yield: Quantitative isposs ible 

19-1 

Procedure by.: Brooks 

Time for sep'n: 1 hr. 

Equipment required: 'Small 
centrifuge tubes, 72% 
perchloric acid 

Degree of purification: Radio chemically pure possibly. 

Advanta~es: Simplicity and speed. 

Procedure: 

(1) Dissolve LiCl in about 3 co water add KCl carrier (~ 20 mg) 

(2) Add ~ 5 cc of 72% H010
4 

and cool in ice. 

(3) 

(4) 

Centrifuge. 

The KC10
4 

may be recrystallized as many times as desired 
by heat~ng it to ~ 90°0 with 1 co of 72% HC104 and then 
cooling in ice. 

Remarks: 4 recrystull izations can be made in 1 hour of chemistry. 
About 1/2% i~21ost p:r recrystall izabion by do~ng i t ~his fast. 
A trace of P somet~mes was not removed bythls chemlstry. 

NH
4
+ salts interfere. Separation from Na is good. No Rb or Cs 

contamination was found. . 
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CHEMICAL SEPARATIONS 

Element separated: Potassium 

Target material:. LiCl 

Type of bbdt: alpha 20-60 Mev 

19-2 

• 
Procedure by: Brooks 

. Time for septn: 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 Liel in""" 5 Cc of H
2

0 

(2) Add 10 cc of Napthol-yellow-S (5~~ solution) 0001 and centrifurre. 

(3) Recrystallize from about 5 co of' NYS5% in ice. 

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

(5) Scavenge with Fe(OH)3. 

R~marks: NH4+ salts interfere 

6/16/49 
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CHEHICAL SEPARA TIONS 

Element separated: Calcium Procedure by: Goeckermnnn 

Target material: V'llg Bi metal Time for sop In: Few hrs. 

Type of bbdt: 184" bbdt all particles Equipment required: Centri­
fuge 

Yie Id: \.A 20% 

Degree of purification: 30 e/m of Co. separated from V'a millicurie of 
fission and spallation products. 

Advantages: Separates Cafrom a,11 other elements. 

Procedure: 

(1) 

(2 ) 

(3) 

(4 ) 

(5 ) 

(6 ) 

(7 ) 

(8 ) 

.. (9) 

(10) 

(l~) 

(12) 
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To aliquot of lINO
S 

solIn of Ei, aqd 20 rug Co. and 10 rng oach of 
Ru, Cb, Fe, t.~ La. ~fu.ke 0.5 ! in HCI & ppt with H28. 

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

Boil out H
2

S &. ppt with NH
3

, . 

Add 10 mg Fe & Y to supn &. repeat ~~3 pptn. 

Boil down to ~ 5 ml, add 10 mg Ba &. Sr, & ppt with cold fuming 
liN0

3
, 

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 (NH4)2C204' & make basic with 

NH3• 

Dissolve CaC20
4 

ppt in ENOs, destroy 0204= with KClOs ' & make basic 
with 1m3 , Add Fe, La, & Y) centrifuge. 

Add more Fe, La, & Y tosupn & repeat pptn" centrifuge. 

Repeat step (.5) 

Boil supn.down to", 5 ml, make basie with NH I heat,add 5 ml sat 
(NH4 ) C.,04 slowly. Stir 2 min, filter, wash ~hree times wi th 5 ml 
H20, ~hree times with 5 ml 95% Et;OH, three times with 5 ml ether. 
Dry in vacuum dessicator -- 2 min. evac, release, ,5 min eva.c. 
Weigh as CaC204 (32 mgper 10 mg Ca). 
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CHEMICAL SEPARATIONS 

Element sep~rated: Calcium Procedure by: Batzel 

Target material: Coppe r Tims for sep'n: 45 min. 

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

Yie Id: 95% 

Degree of purification: 103 

Advantages: Pure fraction with goo~ yield. 

Procedure: 

(1) Dissolve the copper in the minimum amount of conc,entrated lINOS• 
Add few,mg carriers· (Zn and below) including C~ and make the solu­
tion awnonical with carbonate free ~m40H. 

(2) Precipitate the sulfides with HZS. Add holdback carriers and scav­
enge with another sulfide precipitation. Repeat. 

(3) Boil to remove the H2S and make acid with oxalic ~cid. Add 5 m1 
of 4/~ (lili4 )zC204 and allow precipitate to sott1e for 10 minutos in 
a steam bath. 

(4) lVash the precipitate with water containing oxalic acid and ammonium 
oxalate. 

(5) Dissolve the precipitate in 6 NHN03 and add a crystal of KCIOS to 
remove oxalate ions. 

(6) rvhke anunonical and scavenge 2 times with Fe (OH)3' 

(7) Make acid wi th oxalic acid and add S cc of 4% (NH4 )ZC
Z
04 • Allow 

to settle for 10 minutes on 0. steam bath. 

(8) Centrifuge, wash, filter, and dry at 1000 c. The precipitate is 
weighed as CaC204 .Hz0' 

Remarks: 

(1) Sec Scott's Standard Methods of Chomico.l Analysis, Page 210-211, 
Vol. I, Fifth Edition, 1939. 

8/4/49 
P .. 18-I3S 



CHEMICAL SEPARA TI mrs 

Element separated: . Calcium Procedure by: Stowart-Softky 

Target mo.terial: Copper (up to 10 g) Tima for sep In:: 4 hrs. 

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

Yield: 60 - 80% 

Degree of purification: 
6 10 from Cu 

Procedure: 

(1) Dissolvo Cu in minimum dilute mr03 in a stainless steel beaker, 
add 10 mg Co. carrier as nitrate and· 2-3 drops of conc. EZS04' 
Dilute to 100-150 ml. 

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

(3) When solution is watcr-v!hite remove the anodo and transfer the 
solution quickly to a 200 ml centrifuge cone. Neutralize with 
NH

4
0n and make just acid vdth HNOS ' 17arm in a hot water bath. 

(4) Add 20 g crystnlline ammonium oxala. te and stir solution for SO 
minutes, 1:.0 eping it warm. Transfer to nn icc bath and continuo 
stirring for another SO minutes. 

(5) Let settle, and finally centrifuge. Pipet off the superna~nt~ 
Wash Ca0 204 with hot water containing a little (NH4)2C204 until 
wash solut~on is colorless. 

8/24/49 
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21-1 

CHEMICAL SEPARATIONS 

Element separated: Scandium Procedure by: Batzel . 
Target material: Copper Time for septn: 1 1/2 hr. 

Type of bbdt: All 60" and 184" Equipment required: Standard 

Yield: 60% 

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

Procedure: ' 

(1 ) 

(2 ) 

(3) 

(4 ) 

(5 ) 

Dissolve copper in minimum amount of EN03 • 
Add 5 mg of Sc and other carriers. Adjust 
VIi th R2S (CuS out). 

Boil to remove excess. 
to 1 N in HCl and treat 

Boil to remove H S, add NH OR and NH4 C1 till anunonica1. 
and wash ppt wit~ hot NH

4
ci solution. 

Centrifuge 

Dissolve ppt inRCl and make 6 N in HCL Extract Fe 3 times with 
equal volume ethyl acetate. Add"" 3 rug of Fe carrier and again 
extract Fc. 

Melka the pR of the solution 2.0 and extract vii th equal volume TTA 
(5 ml of 0.5 M in benzene. ) Shake for 10 minutes. Hash TTA layer 
with three 4 ml portions of water. 

Extract into 1 N HCl with tvlO 3 m1 portions. 

(6) Ppt the Sc as hydroxide with NaOH. Wash with HzO. Repeat tho 
extraction wi th fresh TTA. 

(7) The scandium can be weighed as Sc 203 after precipitation as Sc (OH)3 
and ignition. 

8/15/49 
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CHEl.1IGAL SEPARATIONS 

Element separated: Vanadium Procedure by: Bltzel 

Target material: Coppe r foil (V' 1 gm.) Time for sop'n: AJ 2 hours 

Type of bbdt: l84-inch, all. 

Yield: Fair (undetermined) 

Equipment required: Sta.ndard 

Degree of purification: Undetermined (only probably impurities, Cr an d p) 

Procedure: 

(1) Dissolve ta.rget in minimum amount of conc. HN03, add carriers, Zn 
through Cl, boil off HU0

3
, and mke I N in HCl. 

(2) Add H
2
S, centrifuge off copper. Wash copper with 1 N HCl and re­

so. tura te wi th H
2
S. Add wo.sh to super no. to. 

(3) Boil down to remove H2S, to 6 ml. add conc. HNO~ and boil down almost 
to dryness, and make vol. to 5 mI. with cone. HMo

3
; cautiously add 

KCI0
3 

and boil for one minute. 

(4) Centrifuge off Mn02 • T'u.sh ~!Tn02 wi th 6 ! HN03 , and add wash to 
supernate. 0 

(5) 

(6 ) 

(7 ) 

(8 ) 

(9 ) 

(10) 

Boil down to rem~e HN07. a.nd HCI, and make 1 N in ENO. Cool to 
o v - 3 

5~19 C, and add an equal volume of diethyl ether. ACid 5 drops 
of 30% H

2
0 and immediately stir vigorously to extract chromium. 

Draw off e~hcr layer, and wash water la.yer with one-hnlf volume of 
ethor, stirring vigorously to extract a.ny chromium left. Draw 
off ether layer und a.dd to origino. 1 etho r layer. 

Almost neutralize the water layer with NaOH and pour into 10 ml 
of 0. hot solution of 1 N IJ'aOH. (A smQll amount of Fe ++must 
be present.) Centrifuge off hydroxides of Ni, Co, Fe, Ti, Sc, and 
Ca. VJQsh precipitate with 4 mI. of hot 1 N NaOH. Add wa.sh to 
supernate. 

Scavenge ~y adding 1 drop of Fe+++ carrier (10 mg./ml.) and. 
500)-. Ti + (10 mg../ml.) to the hot solution. Centrifuge and wash 
preoipitate with 4 mI. of hot 1 N NaOH. 

o -

Boil down to 6 mI. Wake slightly acid with acetic acid and add 
5 mI. of 10% Pb(Ac). Centrifuge off Pb(VO )2' and wash with 
sli~htly acidic, dilute Pb(Ac)2. Add wash ~o supernate (containing 
Zn ). 

lIako 2 !! with ENOS' precipita.te Pb a.s the sulfide by adding H2S. 
Centrifuge and wash precipitato with 2 ! ENOS' Add wash to supernuto~ 
Boil to remove H2S. 

Neutralize with NaOE, make slightly acid with HAc and reprecipitate 
vunndium o.s lead vanadate. '.7eig'p. 

Remarks: Reference: 
8/29/49 

Scotts Standard liIethods of Chemico.l Analysis, p. 1036. 
P ... 18-296 



CHEMICAL S~FA:RA TIONS 

Element separated: Chromium Procectureby: H. Hopkins, Jr. 

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

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

Yield: 60% 

Degree of purification: V'\ factor of 50 from other acti vi ties. 

Procedure: 

(1) Dissolve As in HN03 • -Add 10 mg Cr carrier and e~aporate to V'\2cc. 

(2) Add I co fuming HN03 and several crystals KCl03 • B oil several 
minutes, adding more KCIOS" 

(3) Cool, add ICOH and water to nbout 250c of I N rl. Chill in ice salt 
bath to near freezing, add 10 cc cold ether.- Add I dp H

Z
02 and 

extract deep blue color into ether. 

(4) Add a s~cond portion of ether and Iiz02' Wash the cold ether layers· 
with four quarter volumes of water containing I drop conc. HN03 • 

(5) Extract chromate out with dilute KOH, ,add other holdback carriers 
and HAc to slightly acid. 

(6) Add Eo. dropwise to precipi to.te BaCr0
4

• 

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

?/27/49 
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CHEMICAL SEPARATIONS 

Element separated: Chromium 

Target material:npprox" 1 g Bi me to. 1 

. Type of bbdt: 184" all particles 

Yield: Approx. 50% 

24-2 

Procedure by: Goeckerllltlnn 

Tilho for sep tn: 1-2 hrs. 

Equipment required:gentri­
fuge, cones, 110 ovan. 

Degree of purification: }'CVf clm separated from several million counts of 
fission and spallation products. 

Advantages: Fair yield of pure Cr. 

procedure: 

= (1) To aliquot of HN0
3 

soln+gf target a.dd 10 mg Cr as Cr
2

0
7

• Add Hel 
& HCOOH to reduce to Cr • Ppt Bi2S3 & Sb2S3 scavenger from 1 N 
HCI soln. 

(2) Ppt Cr(OH)3 with K2C03 + ~S, by long boiling. 

(3) Oxidize in I~ ml 0.5 ! NaOH with H202, scavenge with Fe(OH)3' & 
destroy H202 • 

(4) !~.ke slightly acid with G !! ~S04 & wash with ether. 

(5) Add H
2

02 & extract H
3

CrO
S 

into about equal volume of ether. 

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

(7) Evaporate ether over H20 & repeat H
3

CrO
S 

extrn. 

(8) Evap ether over H
2
0, oxidize 'with H

2
02 in alkaline soln, scavenge 

wi th Fe (OH)3. 

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

saveral ml 50 s7.1 Bo. soln. Fil tar, wash with hot lI
2

0 &: EtOH, dry 
10 min. at 110 C. neigh as BaCr0

4 
(48.7 mg per 10 mg Cr). 

Remarks: H3CrOS extrn tricky,· easy to lose Cr by reduction before extraction. 

;' 
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CHEMICAL SEPARA.TIONS 

Element separated: Chromium 

Target material: Copper 

Type of bbdt: All 184" and 60" 

Yi o.l d: 50% 

Degree of purification: 102_103 

. 

24-3 

Procedure by: Batzel 

Time for sep'n: 40 minutes 

Equipment required: standa.rd 

Advantages: Very specific - no interfering ions. 

Procedure: 

(1) Dissolve the copper in·tho minimum amount of concentrated HN03 • 
Boil almost to dryness, add carriers (Zn and bel~;) and make I ! 
in Hel. 

(2) Precipitate the copper as sulfide, make the supernate alkaline 
with NH40H and precipitate the sulfides including Cr with B2S. 

(3) The Mn is usually removed at this point (see procedure for 
],lh(25-5). Neutralize the HNO

S 
and make 1 N in RNOs ' 

(4) Cool in an ice bath to 5° C and add 0.5 CC of 30% ~02' Extract 
the blue peroxychromic acid wi th ethyl ether. (two ~ ml portions). 

(5) VTash the ether layer with three 4 ml portions of water acidified 
wi th a drop of HN03 •. 

(6) Extract the chromium from the ether layer with 3 cc of distilled 
water made distinct~y alkaline with 1\EI40H. 

(7) The Cr may be ~)recipi tated and weighed ~ BaCr04" 

Remarks: 

(1 ) 

8/4/49 
P-18-134 

The Mn is usually removeg
1 

(step 3) so that an estimate can be 51 
made of the amount of Cr formed by decay of the 42 minute]fu • 



24-4 

CHEMICf...L SEPA RAT ION S 

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

Target material: Aluminum alloy Tine fa)" septn: rv 1 hr. 
95% Al~ 2.25% Mg, 0.25% Cr(+Fo & Cu) 

Type of bbdt: 184" deuterons Equipment required: Standard 

Yield: 60-80% 

Degree of purifioation: 
1: 10 from AI, others unkno'wn 

Procedure: 

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

(2 ) 

(3 ) 

Oxidize Cr to dichroIllD.·te by boiling wi th 1 g ammonium persulfate 
an~ 2-3 drops of 2% AgN03 solution. 

Remove AI, irg~ Fcby precipita.tion with excess NH OH. Centrifuge, 
& decant supernatant. Dissolve prccipita.to in Hci and repeat 
to get out more 0 f 'the, Cr which can be occludod. 

(4) Acidify the combined superna.t:mts with HCl (0.1 - 0.3 N acid). 
Sa~~rate with H2S to preCipitate CuS and roduco chromium to 
Cr • Centrifuge or filter off the CuS. 

(5) Boil filtrate to expel H2S and reduce volume as far as possible. 
Y.n.ke solution bo.s,io with NH

4
0H. A gelatinous groen precipitate 

of Cr(OR)3 forms on boiling off the excoss ~~3. 

8/24/49 
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2S-l 

CHGHICAL SEPARATIONS 

Element separated: " r~nganese Procedure by: W. C. Orr 

Target material: Cr, I.lIn, 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 

SO ml vol. flask 

Yield: 60-80% 

Degree of purification: Adequate for determining un52 
and Mn

56 
yields. 

Recycling should give increased purification. 

Advantages: Simplicity. 

Procedure: 

P-18-7 

(1) Target is dissolved in~30 mi conc. HN0
3

• (HCl used for Cr). 

(2) 25 to 50 me; of stundardiz.ed Mn carrier is added, i.e., a 
measured vol. of solution of known concentration. 

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

(4) Boil to expel oxides of nitrogen. 

(5) Solid KCl03 is added SLOWLY' Wait after adding each increment 
for the evolution of Cl02 , etc. Continue until ppt'n of Mh02 is 
complete. Boil continuously. 

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

(7) Ym02 is dissolved directly on the filter by conc. HN03 to which 
30% E20z is added dropwise" Solution may be drawn through the 
filter ~nto 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 H202 " Conc. ENOS is added 
to restore vbl. to ~ 30 mI • 

. (10) Repeat steps (5) through (9) two or more times (see remarks, 
following ). 

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

(cont'd. ) 



y 

(25-1 ) 

(12) Boil to decompose H202; i.e., solution becomes colorless and vol. 
is less than 50 mI. . 

(13) Transfer to 50 ml vol. fle.sk and dilute to ~rk. Samples of 25) 
and 100~should be suitable for counting ~ih (2.59 hrs.) decaying 
into Mn (6 days) ha If-life. 

Remarks:. The repetition 
purifica tion. 
precipi to. tions 

of steps indicated in (10) 
The whole procedure shbuld 
of Mn02 • 

should give increased 
include not less than three 

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 WmOZ precipitation. 

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

According to Scott (Std. YJeth~ Chem. Anal.) oxides of W, Si, Cb, 
and To. are also ppt'd by KCI04 as in this procedure~ 

6/24/49 
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25-2 
DETERLITNATION OF Mn CONCENTRAT ION 

For determining chemical yields in a series of separations of Mn acti vi ty 
from other elements the following procedure is particularly easy and ot an 
accuracy comparable wi th other methods. 

Assuming that 2.0 ml of a standard manganous nitrate solution was added 
as carrier to all s-(arting 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 mJ: of the latter 50.0 m1 by pipet and transfer to a 
50 ml vol. flask. 

Add abou t «0 ml of:3 ! HN03 • 

Add enough solid NaBiO~ so the. t a slight amount of' excess solid remains 
in the flask at all times (but not enough to occupy a significant volume). 

Shake for 30 seconds, t hen dilute wi thwa ter to 50.0 ml ~ Shake for one 
minute. 

Let stand ove'rnight (or centrifuge if there is need for hurry). 

Decant a portion of the supernatant solution of Mn0
4
- and measure its 

optic~l density in a one cm 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 mI. Take 1.0 ml 
of this 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. 

rife C. Orr 

6/24/49 
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25-3 

CHEMICAL SEPARATIONS 

Element separated: ~~ngane se, 

Target material: As 

Procedure by: H. Hopkins, Jr, 

Time for sep'n: I hr. 

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

Yield:. V'\ 60% 

Deeree of purificntion: ~ factor of 50 from other activities. 

Procedure: 

(1) Di sso I ve As· in minimum HN0
3 

& HCI, add 5 mg Mn nnd I mg othG r carriers. 

(2) ~hke a.lkaline with mI40H, pass in H2S for I minutc, centrifuge, wo.sh 
with Hz0. 

(3) Dissolve with hot fuming nitric acid o.nd add solid KCI0
3 

to boiling 
solution to ppt. 1~02' add fuming HN0

3 
and IWI03 until pptn is 

comple te. 

(4) Centrifuge and wash with H20. Dissolve with I dp dilute Hel and 1 dp 
H202 ". 

(5 ) 

(6 ) 

(7) 

6/27/49 

P-18-21 

~hke to 5 ml volume, 3 N" HCI and add 5 mg As, - ' 

Pass HzS into hot solution to ppt As 2S
3

, 

Repeat pptn of AS ZS3• l"hl=e supnt alkaline J pass in H2S to precipi ta te 
MhS. Dissolve as before and ppt. Mh02 from a solution containing 
additional holdback carriers, 



CHEMICAL SEPARATIONS 

E1eme ~lt se puru ted: 1hngc.ne so ---- .. 
Turget muterial: Copper foil (Co.. 300 mg.) 

Type of bbdt: 60" or 18111 deuterons 

Yield: 9O-100f0 

25-4 

Procedure by: Stcvmrt-Softky 

Time forsep1n: 1-2 hrs for 
12 samples 

Equipment required: 
100 ml bco.ke rs 
fil te r funne Is 
40 ml centrifuge cones 

Degree of purifioation: 
6 

Exce11cnt 1 fuetor of approx. 10 

: .. dvuntagcs: Simplie ity /}, rupidi ty, (Large number of sump1es eo.n bo run 
simul tanoous 1y). 

Prooedure: 

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

, .t ... dd 1 mg Hn cnrriero-us nitrato. 

(2) Diluto to 1-2 ! HN03 udd about 100 mg of ICBr0
3 

and boil for 5-10 
minutes,or until 1.m02 is well coaguluted. 

(3) Filter through 1Vho. tmun !'/42 filter pupa r. Wash prec ipi ta to wi th 
6N HN0'2 until no Cu blue shows in final wash. ..... v 

«.J,) D5.sso1vo ]\11n02 through filter pa.per into a. 40 m1 oentrifuge cono, 
with coneD HCl. Add 2 mg Cu currier. Huke solution strongly 
a.mmonicul. 

(5) Add a. few crystals of (tTH. 11)?S20S und boil off excess persulfate .in 
a hot wutcr buth. l:hO" precipitates almost immediately. 

'-' 

(6) Centrifuge, dceo.nt sllporna.tant., and wa.sh preoipitate with dilute 
l'JHLlOH. 

J: 

7/28/49 
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CHEIUCAL SEPARATIONS 

Element separated: ~ngan0se 

Target rna. terio.l: Copper 

Type of bbdt: All 184" and 60" 

Yield: 75% 

Degree of purificat ion: 10
3 

25-5 

Procedure by: Batzel 

Time for sep tn: 30 min. 

Equipment required: standurd 

Advuntages: Pure fraotion and is not time oonsuming, 

Procedure: 

(1) Dissolve the oopper in the minimum umount of oonoent ra ted HNOS• 
Boil almost to dryness. add oarriers (Zn and below) including 
5 fig of Mn and muke 1 ! in HCl. 

(2) Precipitate the copper sulfide. Ulke the supernate alkaline 
with NH40H and preoipitate the sulfides inoludingMn with ~S. 

(3) To the sulfides add conoentrated 16 ! lIN03 carefully. to dissolve 
and muke the volume up t~ 4 cc with fumin~ liN03• Add 2.o~ 3 
crystals of KCI0

3 
and bOl.1 gently for 2 ml.nutcs to precl.pl.tate 

Mn0
2

, 

(4) Wash the precipitate with H
2

0 and dissolve in one drop of lIN03 
and HZ02' .' . 

(5) Again add holdback carriers and make 16 N in lINO
S

' Precipitate 
the 1'h02 with KCI03 as in step 4. . . 

(6) The,precipitate may be weighed as Mno
2 

and counted. 

8/4/49 
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26-1 

CHEMICAL SEPARATIONS 

E1e~ent separated: Iron Procedure by: . H. Hopkins, .Jr. 

Target material: As Timo for septn: 1/2 hr. 

Type of bbdt: 190~bv n+ Equipment required: standard 

." 
Yield: 'v\ 60% 

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

Procedure: 

(1) Dissolve As in minimum HN03 +' :Hel, add 2 mg Fe, Ga, adjust to 6 .! HCI, 
extract twice with equal volumes ethyl ether. 

(2) Wa.sh ether iaye~ 5 times with 1/3 volumes 6.! HCI. 

(3) i'vashether layer twice with· 1/4 portions H20 to ,remove Fe. I.&lkel N 
KOH and centrifuge off Fe (OH)3' 

(4) Dissolve in minimum conc. HCI, dilute to 5 ml, add I mg Go. carrier, 
and reppt. Fe (OH)3 with KOH. 

(5) . Repeat until supernatants (Gallium fractions·) are inactive. 

\ 

6/27/49 
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CHEIHCAL SEPARATIONS 

Element separated:' l!2.!L 

Tnrge-t material; tAl g Bi metal 

Type of bbdt: 18411 all partic10s 

Yield: V'\ 30% ' 
, 

26-2 

Procedure by:· Goeckermann 

Time for sep In :.feV/ hrs. 

Equipment required: 
Centrifuge, cones 

Degree of purification: 
products. 

Decontamination factor V\ 104 from fission 8: spallation 

Advantages: Fair yield of pure Fe. 

Procedure: 

(1 ) Extract 15 mlSof 9 ! HCI containing aliquot of HN03 sol'n of target 
and 10 mg Fe+ with 15 ml isopropyl ether. ~1a3h ether twelve times 
wi th 10 mI portions of rl.5 N Hel. Extract Fe + into 10 m.l H20 and 
evap dissol,ved ether. 

(2) Scavenge with Sb2S
3 

from Hel solIn. repeat. 

(3) Scavenge with TeS by HZS pptn. 

(4) Ppt Fe (OH)S with NH3 8: dissolve in HOI. 

(5) Fume twice with few ml HCI0
4

,after adding Ru. 

-
(6) Ppt Fe (OH)3 with NHS -- repeat. 

(7) Scavenge with BaS04 • 

(8) Scavenge wi th AgI (exoess Ag). 

(9) Scavo with Cb205 by adding HN03 8: KC103 to oxalat,e solIn. 

(10) Scavo with Zr phenylarsonate (make precipitation by adding phenyl­
a.rsenic acid). 

(11) Ether ext Fe+
3 

again, ppt as Fe (OH)3 with NI}3' filter ~. ignite to 
. Fe 03 to weigh. 

2· _ , 

. Remarks: This ~ather involved proced.ure was deSigned to separate a ver<ysmall 
amount of Fe activity from a large amount of activi~ spread over the 
periodic table. It can be simplified in most ca2es. There may be an 
advantafe in doing one of the extractions of Fe+ out of the ether by 
treating the F,lther ].ayer vlith 6-9 N :fIGl containing Hg and thereby reducing 
the Fe to Fe+" (inso}. in ether). -A few mg of carriers are used in the' 
scavenges. 

7/6/49 
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26-3 

CHENICAL SEPARATIONS 

Element separated: Iron Procedure by: Folgor & Hicks 

Target material: J'I 4 g U m0to.l foil Time for sep'n: few hrs. 

'. 
Type of bbdt: 184" all him eoo rgy partiolos Equipment required: 

- Centrifuge cones, crucible, 
op0n top cylindrical 
separa.tory funnels, stirring 
motor and gla.ss stirring 
rods. 

Yield: '" 30% 

4 
Degree of purifica.t~on: Deconta.mino.tion fnctor "",10 from fission & spallo.tion 

products. '-"'" 10 from olements 38 to 56. 

Adva.nto.e;es: Fnir yield of pure Fe. 

Procedure: 

(1) Add 10 mg Fe+
3 

to a.liquot of tnrget sol'n. Evo.p. to dryness ~vico 
with conc. HOI. Tnke up in 15 ml of 9 N HCl. Extruc t twico wi th 

. 10 ml por~ions of di-isopropyl ether •. Wo.sh etger twelve times 
with 10 ml portions of 7.5 N HOI. Extruct Fo+ into 2,5·ml portions 
H

2
0 ~~d eva.p dissolved ether. . 

(2) Scnvenge with Sb2SS and ToS
2

, from 1 !HCl sol'n. -- repent. 

(3) Ppt FC{OH)3 with NH3 wash & dissolve in HCl. 

(4) Add Ru and fume tl-vicc with few ml HCI0
4

• 

(S) Ppt Fe(OH)3 with NH3 wnsh. 

(6) Dissolve in IDJ03 and scavenge with BaS04 • 

(7) Sco.vonge with AgI (excc·ss.Ag). 

(8) Ppt. Fc (OH)3 with NHS (to reduce volume) wnsh a.nd dissolve in cone. 
HN0

3
, 

(9) , Add Cb o.nd scavenge with Cb20S by o.ddillg KBr03 and roTOS to oxulo. to 
soln. 

(10) Mlke 3N in HN0
3 

nnd HF. 1.dd Ba a.nd scnvenge with l3D.ZrF
S 

twice. 

(11) Ppt Fe(OH)3 with NH3" Wash. Dissolve in 9 N Hel. 

(12) Ether ext Fe +Saga.in,re-extract into H 0, ppt as Fe (OH)3 with NHS' 
wa.sh, filter & ignite to F0

2
0

S 
to weigh. (14.3 mg Fe

2
0

S 
= 10 mg Fc) 

P-18-84 
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Romo.rks: This rather involved procedure w~s designed to separate 0. very small 
o.mount ·of Fe activity from 0. large amount of o.ctivi ty spread over the 
periodic table~ . It can be simplified in most co.~es. Thore mo.y be an 
advantage in doing one of the Qxtro.ctions of Fe + out of the ether by 
treo.ting the+2th~r lo.yo:: with 6-9 ! Hel containing ~g o.nd thereby.reducing 
the Fe to Fe (lnsol. ln ether). 1-2 mg of carners arc used ln the 
sco.v.enges. 

9/28/49 
P-18"91 
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CHE1vrrCAL SEPARl .. TIONS 

Element separated: Iron Procedure by: St~{art, Softky 

Target mnterial: Copper foils (300-500 me Cu) Time for sep 'n: 2-3 hrs. 

Type of bbdt: Deuterons 60". 18~11 Equipment required: beakers, 
filter funnel 
,10 ml centrifuge cones 
separatory funnels 

Yie Id: 80-100% 

Degreo of purification: 6 factor of V" 10 

Advantages: High purity. Small umount of carrier. 

Procedure: 

(1 ) 

(2 ) 

(3) 

(5 ) 

Remarks: 

Dissolve copper in minimum 6! HN03 and dilute to 1-2 ! HN03• 
Add 1 l!lg Fe and 1 ~ 11n carrier us nitrate. ' 

~dd about 0.1 g KBr0 3 :.nd boil for 5:10 minu~cs 0:' untU liinO Z 
~s vlell coagulu ted. F~l ter throuGh Hhntrnnn ~,;,"12 f~l ter paper and 
catch filtrate in a ·~O ml centrifuGo cone. 1'bsh precipitate 
wi th 2!'!, HN0

3 
until wnsh is colorless. 

Precipitato Fe (OH)3 with excess 1JH~OH, centrifuge, and decant 
superna.tant. Dissolve precipitate'J:in HCl D.,nd repent until supcr­
no. tant is colorless. Add 2-3 m~ Cu cnl'rier as chlorido and 
repeat twice more. 

Dis sol ve final Fe (OIl) in 1 drop of HCI and tra.nsfer to 0. separa­
tory funnel withe N :Mcl. l~dd an equal volumo of di-ethyl ether 
pre-so .. t;ura ted with @J HCI nnd oxtrac t the Fe. Drow aqueous layor 
into 0. 2nd scparatory funnel and repeat. Do 0. 3rd extraction 
after adding 1 mg Fe carrier a.s chloride. 

Collect tho ethc r layers in 0. 40 ml centrifuge Cane wi th n small 
a."!lount of water. (Evaporate off the solvent in 0. hot water bath. 
Recover Fe ns Fe (OH)3 by prccipitntion with NH40H. 

It wns found tho.tunless specific se~ra.tiol1 for Mh is done I tho 
contnmina.tion ill t.ho iron fraction is npprcciable. (Stop 2). 

Dirc.:ct bvupora.tian of o.n FeC1
3 

solution gives considerable loss, so it 
is better to ppt tho iron and ro-dissolve in some acid other than HCl. 
(Step 5). 

7/28f~9 
P-18-'SS> 
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CHEMICAL SEPARATIONS 

Element separated: Iron Procedure by: Batzel 

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

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

Yield: 95% 

Degree of purification: 103 

Advantages: ,Pure fraction with good yield. 

Procedure: 

(1) The target may be dissolved in the minimum amount of either 
concentrated EliOS or concentrated Bel and H202 • 

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

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

V'lnsh the ethyl 

(4) ,Extract the iron from the ethyl acetate laye r with 3 cc of distilled 
water. Again make 6 N in HCI and re-extract as listed in step 3. 

, ~ , 

(5) Finally after washing the ethyl acetate thoroughly with 6 N HCI, 
extra.ct the iron into 3 cc of distilled water and plate. 

(6) The chemical yie ld can be determined calorimetrically by taking 
aliquots from the final iron solution (Sse 26-6). 

Remarks: 

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

8/4/49 
P-18-1~9 
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DETER1l1INATION OF Fe CONCENTRATION 

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

Prepare a curve of iron concentra tion vs % transmission as follows: 

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

(2) Add '200 /'I of a 10% solution of hydroxylamine hydrochloride. J;>ilute 
to 5 cc and add 5001' of aO.1 percent water solution o,fortho­
phcnanthra 1 ine. 

(3) Add one drop NH40H to br~ng the pH to the range of 4 to 9. 
to 10 cc and allow color to develop for 5 minutes • 

Dilute 

. (4) Measure the % transmission of the sa.mples against a blan,kcontaining 
the hydroxylamine and orthophenanthraline at 0. wave length of 508 
millimicrons on a Beckman Spectrophotometer. 

(5) The curve follows Beer'S law. 

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

R. Patzel 

P-18-136-
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CHEMICil.L SEPARATIOliS 

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

Target rnc.tcrial: cobalt TillX} for sapln: 6 hours 

Type of bbdt: lJeutrons - 60" Equipment required: Beakers, 
funnels 

Yield: tV 100% 

Degree of purification: excellent at lea.st fc.ctor of 100 from othor activities 
prescnt. 

Advnntages: Simplicity 

Procedure: 

(1) Dissolve tho Co target in HN03• Remove the nitrates by boiling 
with HCl until no brown fumes aro evolvod. 

(2) Add 2 mg Fe, 10 mg Ni, 10 mg Zn and 50 mg. U as tho chlor ide 
solutions. Dilute and ppt with excess NH

4
0H. Coagulate tho ppt 

and filter it qUickly through qua.ntitc.tivo paper. Dissolve tho 
ppt through the filt0r with warm HCl and repent the pptn. 

(3) 

(5 ) 

Remarks : 

Dissol w tho ppt through the fil tor with warm HC1, co1l0cting the 
sol 'n In a 40 nil centrifuge tube. .i.dd hold-bnck cnrricrs of 
Cu, Ni, .Zn and Co and d~ throe more NH

4
0H ppt'ns, dissolving the 

ppt in HCl oach time. . 

Dissolve the finnl ppt in HCl so ns to give nn 8 N HCl solan; 
~nd oxtra.ct the Fe with 3 or 4 portions of isopropyl ether. 
Combine othor !nyo rs, add ~o, boil to 0. low volumo, and fume 
with H2S0

1
-H202 until orgc.n~c matter is destroyed. 

Take up in HCl and ppt with }TH(!OH - (lm4)2co3 sol'n., discarding 
tho supernatc.nt. Dissolve in HCl and repeat the ppt In twice. 
Dissolve the finnl ppt if desired, or' use as is. 

The ppt I n of tho Fa nnd U from the bulk of the cobalt is best made 
by qUickly adding 0. large excess 0 f lili

4
0H 't;io the v;nrm dilute Co sol 'n. 

Ni tratcs must be rivoided throughout to prevent extrc.ction of the U 
by tho ether. 

59 
This procedure vms used for tho preparn tion of pure compounds of Fe ; 

for identification of nctivities alone, it would be advisable to tnke an 
o.liquot after dissolving ,the target~ 

Paper is used for the filtro.tion in (2) because the ppt tends to clog 
0. sinterod filter if suction is o.pplicd. 

8/19/49 
P-18 .. 237 
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CH'SMIC':.L SEPIIRATIONS 

Eloment sopa.ro.tod: Iron Procedure by: R. C. Lilly 

Tnrgetmnterinl: Manganese 

Typo of bbdt: Deuterons - 60" 

Time for sepfn: 4-6 hours 

Equipmont requirod: be::.kers, 
fu~nols, sintored glass 
funnols nnd sopara.tory 
funnels. 

Yield: N 100% 

Degree of purification: excellent at lenst factor of 100 from other 
ac ti vi tie s pre se nt • 

li.dvnnta.ges: Lnrge a.mount of Mn does not prevent purific(\.tion of the Fe. 

Procedure: 

(1 ) 

(2 ) 

(3) 

(4 ) 

(5 ) 

Dissolve Mn target in the loo.st possible nmount of 6 N HCI. 
Add 2-5 mg Fe and 25 mg CU as the chloride solutions.-

Make 0.3! in HCl. hent to boiling, and pass in H2S to ppt the 
copper group as sulfides. Fil tor. Wash the ppt with 0.1 .!'!. HCl 
Gnd discard it, Add wo.sh to filtrate 0 

Boil filtrate to 50 ml volumo, oxidize Fe 'V/ith 5 ml of 30% 
H

2
02 nnd boil off excess H~02' Wmo Z may ppt at this point, 

but it will redissolve ns th5 H
Z

0
2 

is expelled. 

M:llco alkuline with NEIlOH and ppt the Fe as Fe(OH)3' Some Mn 
will o.lso ppt; it can "'be disregarded o.nd will be removod l::.ter 
in the procedure~ This step separates tho Fe from any 1.a.rge 
amounts ofsa.lts which m..'l.y be present to interfere with the 
other extraction which follows. 

Dissolve ppt; through filter with wc.rm 9 N HCI; ,the resulting 
volume should be 10-20 mI. Extract the Fe with 3 or 4 portions 
of isopropyl ether. Combine the ether byers, add H20, boil 
to a. low volume, and fume with H2S04-Hz0z until org::.nic mntter 
is destroyed. 

(6) - Take up in B.Cl and ppt Fe (OH)3 with NH40H, discarding the super­
natant. Dissolve the ppt if aesired, or use as is. 

Remnrks: 

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

P-18-a36 
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CHElvlI CAL SEPARll. T!ONS 

Element sepuro. ted: Iron Proceduro by: R. C. Lilly 

Tnrget mAterial: Ni(sepo.rnted isotopes) Time for sepln: 3-5 minutes 

Type of bbdt: Neutrons - 60" Equipment required: smnll 
benkers, 5 ml centrifugo 
tube, Hirsch' funnel 

Yield: r'V 90% 

Degree of purificntion: factor of 5 

Advnntn~os: Speed 

Procedure: 

, ' 

(1) Dissol vo Ni foil, weighing 3-5 mg in 0. 10 ml bonker contcdning 
0.5 ml hot cone. IDIO.,.. Add 2 mg Co, 2 mg Cu, nnd 2 mg Fe e.s 
2 ml of tho chloride usol Ins. 

(2) Trc.nsfer to 0. 5 ml centrifuge cone nnd ppt with NH40H. Coo.gulo. te 
the ppt by immersing tho cone in a boiling H

2
0 batfi for n f~{ 

soconds find c~ntrifuge. Remove tho supernntant. ' 

(3 ) 

(4 ) 

Dissolvo the Fa(OH) ppt in n fC ..... l drops of cone HCle 11.dd 2 mg 
Co, . 2 mg Cu,' nnd 2 ffig, Ni as '2 ml of tho chloride sol tns, nnd 
transfer the sC\mplo to 0. second 10 ml benker. 

Ppt with NH
4

0H, coo.gulnte tho, ppt by honting and filter. through 
0. ~l!=42 Who.tmo.n filter pa.per disc held in a. Gooch crucible or 
Hirsch fl.lnne1. Dry with 0. few drops of o.eatone and mount under to.pOa 

8/19/49 

P-18-2iiO 
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CHEMICl.L SEPARATIONS 

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

Tnrget nnterial: Cu (50-100 mg) 

Type of bbdt: Deuterons - 184" 

T~mo for sep'n: 45 minutes 

Equipment requirod: bonkors~ 
funno Is, 40 ml c cntrifugo 
tube, smnll centrifuge tube. 

Yield: AI 100% 

Degree of purification: Factor of 100 

Advantages: Simplicity 

ProcedUre: 

(1) 

(2 ) 

Dissolve Cu targot in conc. HCl contC'..ining a fow drops of conc 
HN03~ Boil off the excess HNOgo Add 3mg Fe, 10 mg Co, 10 mg Ni, 
an d 5 mg Zn as the chlo ride so 1 tns 0 

Dilute to 50 ml with H20 and heat to boiling. Ppt Fe (OII)S by 
adding NH

4
0H in excess and coagulate the ppt well by hoatl.ng. 

Filter the Fe(OH)7. ppt through ://=42 VlhntmD.n paper in n glnss 
funnel and wnsh v/rth a smnll amount of 1% N~ Cl sol 'n. 

J: 

(Xhe filtrnto contains the Cu, Co, Ni and Zn fraotions nnd is 
worked up s0parately o.s described in the procedures for Co and 
Ni from Cu targets, Nos. 27-5 and 28-6 •. 

(S) Wash the Fc(OH)3 pptwcll with 1%NH
4

Cl nnd discard the washings. 
Dis sol va the ppt through the po. pe r WI. th warm 6 N HCl nnd oollect 
the sol tn in o. 40 ml centrifuge cone. -

(4) Add 10 mg Co o.nd 10 mg Ni 0.5 the chloride sol Ins 0.5 hold-bick 
co.rriers; plaee tJ1e oone in C\ hot ~O bath, and ppt with NH40H. 
Coagulnte tho' ppt by heating, oentnfugo, nnd disea.rd the supernato.nt. 
Redissolve the ppt in HCl. 

(5) Repent stop (4) ~{icco 

(6) After tho third ppt'n. cycle above, dissolve the ppt in the 
correct amount of HCl and ~O to gi vc 10 ml of solin., 8 ! in HCl • 

. (7) Extra.ct Fe with four 10 ml portions of isopropyl ether. Combine 
ether bye rs, add ~O, boil to a. lOw volume, a.nd fume wi th 
H

Z
S0

4
-HZ0

2 
until organic nn tter is destroyed. . . 

(8) Take up in.HCl, trmsfcr to n small centrifuge cono, and ppt 
with NH

4
0H •. Centrifuge nnddiscard the supernatAnt. Propare 

for counting ns deSired. 

Remn.rks: Se0 Hillobrand nnd Lundell (~l.pp1iod Inorgnnic .llnnlysis) for 
fUrther informntion on tho extrnction of Fe with isopropyl other. 

8/19/49 
P-18-Z39 
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CHEVICAL' S}~PARATIONS 

Element separat~d: Cobalt Procedure by: H. Hopkins, Jr. 

Target rna terio.l: As 

Type of bbdt: 190 l1ev D + Equipment required: standard 

Yield: Vl 70%. 

Degree of' purifiea tion: ~ factor of 100 from 'other activities. 

Procedure: 

(l} Dissolve As in minimum mm3 + HO, add 2 mg Se &. Ge carrier, 5 mg Co. 

(2) Make alkaline with NH40H, pass in ~S rapidly :for 1 minute only. 
Cen trifuge immediately. 

(3) Dissolve in minimum conc .. HCl, add 1 mg eu, ppt ,eus from hot 1 N He!.. 

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

(5) Evaporate to near dryness, add H
2

0 to 2 m1 volume, add V') equal volume 
solid I~CN, extract 4 times with 2 m1 amy~ alcohol. 

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

(7) Dissolve with HCI and reppt hydroxide .. with l\."OH. 

(8) Dissolve in minimum acetic acid,; dilute to 4 ml, saturate with KCl, 
and add I&02 until pptn of K

3
Co(N02 )6 is complete~ 

6/27/49 
P ... 18-24 
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CHm~ICAL SEPARATIONS 

Element separated: Cobalt Prooedure by: Stewart-
Softky 

Target material: Copper foils (ca. 300 mg. Cu) Time f~r sep'n: 4-6 hrs. 

Type of bbdt: Deuterons 60" or 184" Equipment required: 
Stainless steel strip 

electrodes to fit 
100 ml benke rs 

30 ml tower eleotrolysis 
cells 

111 Pt discs 
Pt spiral stirrers 
D. C. reotifier unit to 

~i ve current up 
to 2 amperes 

·100 oJ. beakers 
fil ter funne Is 

Yield: 90-100% 

Degree of purification: Complete separation o:!; least by faotor of 10
5 

from 
IAn. Fo. Ni, Cu &: Zn. 

Advc.ntages: Y..ethod by which a large number of samples can be run simultaneosly 
for excitation functions. 

Procedure: 

P-l8-'8~ 

(1) Dissolve Cu foil in minimum dilute RNO
S

' Add 1 mg. Co, Ni, & Mn 
carriers as nitrates, and 2 drops conc. H

2
S0

4
, Dilute to about 20 

ml. with distilled water. 

(2) Electrodeposit copper on stainless steel strip cathode set into 
bonker in which the foil VlUS dissolved. using a rotating Pt spiral 
anode at 2-3 volts, 1-2 amperes. 

(3) nhen solution is water whi to, remove the electrodes. add 1 mI. 
cone. H

2
S0

4 
and evu?orate to SOS fQmes to remove RNOS ' 

. (4) Dilute to 35-50 rol and saturate \"1ith ~8 to preCipitate residual 
Cu. Filter. Boil filtrate to expel 1128,. add 2 mg Cu oarrier as 
chloride and repeat. 

(5 ) Boil filtrate 5 minutes to expel H 8, make solution slightly 
amm.onical. then add 1-2 ml 1% dime~hylglyoxime in ethanol to ppt 
N:1.DMG. Filter, "iash ppt:; with hot water. 

(6) Acidify filtrate with ID~03 & evaporate to 803 fumes to destroy 
alcohol. Add a. few drops of conc. HCI and again take to S03 fumes 
to insure removal o~ N0

3
-. 

(7) Tra.nsfer solution to a 30 m1 tower electrolysis cell fitted with 
0. l"Pt disc cathode. mo.ke strongly ammonical, and electrolyze 
at 1 .. 2 amperes for about 30 minutes. using 0. slowly rota.ting Pt 
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anode. Cobalt deposits e.s rt smooth adherent plate on the cathode. 
}m02 deposits at the same time on the anode. 

(8) 11.1hen Co is completely deposited, repluce the electrolyte with 

Remn.rks :' 

. distillled water while the current is still on. Remove the anode 
quickly to prevent solen of the MnO

Z
' pour off the water and rinse 

the cobalt plate with alcohol. 

(Instep (5) if solution is too strongly ammonioal at this point. NiD1.iG 
will be incompletely precipitated.) 

(~n step (7) ~TH40H should be added periodically during ~he electrodeposi­
t~on. Current should be kept lower than 2 umpcres to 1S:L'Ve 0. smooth 
~dherent pla te • ) 

7/28/49 
P-18- 92 
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CHEMICAL SEP1i.IlATIONS . 
Element separated: Cobalt Procedure by: Batzel 

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

Type of bbdt: all - 184" & 60" Equipment required: 
Standard 

Yi01d: 30-40% 

Degree of purification: Factor of at least 1,")0 from other activities present. 

Procedure: 

(1 ) Dissolve copper in minimum amount of concentrated RNO", and boil 
to dryness or v!ith Hel to destroy mT03 • Add 5 mg Co 8arrier and 
1-2 mg of the neiGhboring elements to get as holdbacks. 

(2) Remove copper as sulfide from a I ~r HCI solution. Wash the 
precipitate with I! HCI saturated with H2S. 

(3) Boil supe mate to remove H
2

S and neutrnlize vii th reOH. Hlke 2-3 
N in acetic acid. Saturate about 5 cc of wa.ter with Ia'J"02 and 
add 0.3 cc of acetic acid. Heat and add to the hot solution 
of cobal t. 

(4) Al1~{ to settle for 5 minutes in a steam bath. Cool. and centri­
fuge. Wash with a 5% RNO" solution acidified "lith acetic acid. 

G 

(5) Dissolve the ppt with concentrated Hel again add I mg each of 
holdba.ck carriers and reprecipitate. 

(~) Weigh ns the potnssiuLl cobnl tini tri to. 

7/27/49 
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CHEMICAL SEPARATIONS 

Element separated: Cobalt Procedure by: Folger 

. To.rget ma terir.l: t/l;4 gm. U metetl foil Time for sep 'n: V'I 2 1/2 hrs • 

Type of bbdt: 184" full enerGY po.rtic les 
(high energy fission) 

Equipment required: Centrifuge, 
cones ,ico be. th, 1100 ovon. 
NIl3 gas. 

Yield: ~ 50% possible 

Degree ~f purification: Separates from all elements by a faegor of o.t least 
10 sepa.rates from elements 38 to 56 by D. factor of U\ 10 • 

Advantages: A smull amt. of Co mo.y be obtained pure from large yields of 
contaminants. 

Procedure: 

Uranium target is dissolved in conc. Eel (plus a small amt. conc. 
liNO

S 
to clear up the sol'n) or in conc. HN0

3 
(should be ~lON). ' 

Usc tV 1/4 (or more) of target sol tn for o.hquot. Add 10-20 mg 
Co carrier and mako bo.sio with NHS' 

(2) Centrifuge and wetsh ppt ~vico with sat1d aqueous NB3. Combine 
supe.rnn to.nt and washings. 

(3)' Sco.venge twice vii th Fe (OH)3' twioe wi'i;h Ba00
3 

& SrC03 (ad.dsnt Id 
Ho.

2
C0

3 
o.nd check pH to be sure solIn is bo.sic enough, ""'pH 10). 

(4) 11'1ke 0.7 - 0.8 N in HOI. Scavenge with CuS, CdS, ~C2S7(for Tc) 
HgS, PdS

2 
(1-2 mg of carrie rs). 

(5) Hake basic with NH3 and ppt CoS W', H2S. Wash to remove all NH/. 
Dissolve in 1 cc conc. HN0

3
• Dilute to'" 4! EN0

3 
o.nd scavenge'" 

"d th 1 .. 2 mg ":\'~C1 tl'dce. 

(6) Imke basic with ROE to ppt Co(OH)2 (upon heating goes to Co(OH)3 
Cent~and wash. Dissolve ppt in 3 cc 2-3 N HAc. Add 2 mg Ni , 
holdback and heo.t • 

. (7) , 

(8 ) 

Add 3-4 cc 6 N Ht\.c sat'd with IO.'W2 hot (Caution! Beware of foaming 
over) •. Digest 10 min het. Chill in icc bo.th to retard bubbles 
and centrifuge K3Co-(NOZ)6.l 1/2 Hz0 (yellow). 

Wash, and dissolve in cone. Hel (with heating green sol'n is 
obtained). 

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

(10) Wash b~ice with H 0, EtOH,.Et20. Filter, dry at 1100 C for 5 min. 
Wcie;h as K3Co (N02'6 ~H20. 

Romarks: 

(1) In step (6), the CO(OH)2 ppt becomes grey-brown on hoo.ting in tho 



/ 
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. -
J 

water bath. This docs not interfere 'with the procedure. 

(2) For addi tional information sec Scott, I1St::1.ndo.:cd Methods of Chemica.l 
Analysis," D. Van Nostrand Co ~, Inc. J New Yerk, Ed. 5 Vol. I, pp. 
305-14. 

.. 

7/28/49 
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CHEMICAL SEPARATIONS 

Element separated: Cobalt· Prooedure by: n. C. Lilly 

Target material: Cu, Ni Time for septn: 1 hour 

Type·of bbdt: Deuterons - 184" 
Neutrons - 60 1

.
1 

Equipment required: 
Baa kers I funnels, fine 
sintered Glass filter, 
50 ml separatory funnels (3) 

Yield: N 90%, 

Degree·. of purifioation: Faotor of 100 

Advantages :: Purity of Co produot 

Prooedure: A, B & C have steps 4-9 in oommon • 

. A. 90bal t fr.o~ Ni (separated isotopes) + p,d,n - 60 11 

(1) Dissolve IU foil., wei8',hing 3-5 mg., in a few drops of cone HNO:; 
.ana boil off HN03 with suocessive p<?rtions of HCl. Add 2 mg 
Co, Zrng Fe and 5 me; Cu as the chloride sollns •. 

(2) Dilute to 50 ml Vii th HZO and heat to boiling. PPt Fe (OH)3 
b~ adding NH40H in excess and c?agu~ate the ppt w~ll by heating. 
Flolter the Fe(OH)3 ppt through ~/=42 Hhutman paper lon a glass 
funne I and wash Wl. th a small amount of 1% NU Cl so1'n. (The 
ppt is worke·d up separately as described in the prooedure for 
Fe from Cu turgcts, No. 26-10). Make the filtrate slightly 
ucidic with HCI. Add eon~ 1{H4HS03 sol'n dropwise until all 
of the Cu is reduced (us shown by the lack of any looalized 
blue color when 0. few drops of oonc NH

4
0H are added). Add 

solid NH4SCN dissolved in a small amount of H2O until ppt'n 
is comple te • . 

(3) Coagulate the CuSCN ppt by hea·ting and filter it 'through a 
double thickness of 4/42 Wha'bman paper in a glass funnel. 
Discard the ppt.Boil the filtrate to a volume of 10 ml 
to expel 802 and transfer to a 50 ml separatory funnel. 

B. Cobalt from Cu (50-100 mg) + d 18411 

P-18-229 

(1) Dissolve eu target in cone. HCI oontaining a few drops of 
conc. RNOs " Boil off the excess RN03 • Add 2 mg Co I 2 mg Fe J 

and 2 mg 'Ni as the chloride solrns. 

(2) Dilute to 50 ml with H20 and heat to boiling. PPt Fe (OIl):; 
by adding NH OH in exoess and coagulate the ppt well by 
heating. Fiiter the Pe (OH)3 ppt through 1/1:42 17hatman paper 

. in a glass funnel and wash with a small amount of 110 NH4Cl 
sol'n. (The ppt is worked up separately as described in the 
procedure for Fe from Cu targets J No. 26-10). Nhke the fil tra te 
slightly acidic with HCl. Add conc. HH4 HS03 so1'n dropwise 
until 0.11 of the Cu is reduced (as shov'ln by the laok of any 
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localized blue color when 0. few drops of cone NH40H are 
added). Add solid NH

4
SCN dissolved in 0. smull o.mount 

of H20 untj.l ppt 'n is comple te. \.. 

(3) Coagulate the CuSCN ppt by heating and filter it through a 
double thickness of ~,:'42 Vfuatman p:tper in 0. glass funnel. 
Discard the ppt~ Boil the fHtrate to a volume of 10· ml 
to expel S02 and transfer to a 50 ml separatory funnel. 

C. ~bo.l t fr0m.,,£u_(S>.~l:.-.~.:.5.J~;m~~- 184" • 

(1) Dissolve Cu to.rget in 10 ml of hot 6 ! HN0
3 

in 0. small beaker 
and boil off HN03 with successive portions of HCl. Add 2 mg 
Co and 2 me Ni as the chloride soltns. 

(2) Add H20 and HCl so as to give 0. volume of 25-30 ml with 
0.3 N-O.5 N HCl. Heat to boiling and Po.ss in H S to ppt 

'CuS.- Coagulate the ppt by henting and filter i~ through n 
smo.ll fine sintered ghss filter. Wash the ppt with 0. . 

s~~ll amount of H
2

0 and discard it. 

(3) Boil the filtrate. to a =Volume of r.J 10 ml and then transfer 
it to a' 50 tnl separatory funnel. 

In 0.11 three of the above cases continue as follows: 

(4) Add 5 gms of solid NH
4

SCN 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 Hz0 layer from this extraotion into 0. second 
50 ml separo.tory funnel, disoarding.the few drops of mixed 
soltns whioh remain in the stopcook. 

(The Ni is contail1ed in the H20 layer and is worked up 
separa tely as described in the procedure for 1ri from Cu 
targets. No. 28-6) •. 

(6) Add 10 rol ofG ! NH4 OIl to the organic layer in the first 
sepo.ro.tory funnel to destroy the complex and reextract the Co. 

(7) Draw off this UIml10niacal layer into a third 50 ml separatory 
funr~el and mo.ke it slightly acidio with HCl. Add 2 lIlg Ni as 
the chloride sol'n and repeat the extraction as in step (4) 
above. 

(8). Draw off' the H
2

0 layer o.nd discard i t.Tr«?nt the organic 
layer ~ith NH40H as described in step (6) above. 

(9) Draw off the ammoniac~l layer into 0. 50 m1 beaker, boil to 
a volume of 5 ml., cnd ppt· CoS by adding NH

4
HS sol tn. 

Prepare this ppt for counting o.s desired. 

Remarks: See Sandell (Colorimetric Determination'of Traces of Metals)for 
further information on the extraotion of Co from thiocyanate sol 'ns wi th 
ethyl ether - amyl alcohol. P-18-228 

8/19/49 . 
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CHEMICAL SEPARATIONS 

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

Target material: Cu, Ni Time for sap In: 4 hours 

Type of bbdt: Neutrons, deuterons - 184" 
For calutron sopara tion 

Equipment required: Beo.kers, 
funnels, chlorination 
0. pparo. tus • 

Yield: N 90% 

Degree of purification: Fo.ctor of 100 

Advanto.ges: Separation of Co from large amounts of eu o.nd Ni. 

Procedure: A and B have steps 2-8 in common. 

P-18-234 

(1 ) Dissolve eu target in 50-100 ml of hot 6 N HCl containing 
5 ml of 30% HZ02• Boil off excess HZ02 and o.dd 25-50 mg 
Co and 5 mg N~ 0.8 the chlorido sol Ins. Dilute the snmple to 
rv 1 liter o.nd add NH40H until the sol'n is neutral or very 
slightly acidic.' 

B •. Cobalt from Ni (1-2 gms) + deuterons - 184" 

(1) Dissolve Ni target in the least ;?ossiblo volume of cone. Im03• 
Convert nitrates to chlorides by adding successive portions 
of cone HCl und taking to 0. lovf volume. Add 25-50 rng Co 
and 75 mg eu as the chloride sol Ins. Dilute the sample to 
N 500 ml and add NH40H until the solIn is neutral or very 
slightly acidic. . 

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

(2;) 

(3 ) 

(4 ) 

(5 ) 

(6 ) 

Add conc. l\1}!4HSO sol In., I ml at 0. time, until 0.11 of the Cu 
is reduced (as sKown by the lack of any localized blue color 
when 0. few drops of cone. HH40H arc added). Add solid NH4SCN 
dissolved in 0. small amount of H20 until pptln is complete. 

Coagulate the CuSCN ppt by heating and filter it through a 
double thickness of #42 1"Jhatman paper in 0. large glass funnel. 
Disca,rd the ppt. 

Boil the filtrate to expel S02 and then add 3 ml of cone HCI 
per 100 ml of volume. 

Add 0. freshly prepared hot solIn of alpha-nitroso-beta-ncphthol, 
made by dissolving 10 gms of the salt in 100 ml of 50% acetio 
ucid, as long as appt is produced. 

Filter the ppt through retontive paper. Wash it well wi th 
warm 6 ! Hel, and then with warm H20 unti 1 free from acid. 
Ignite the ppt until 0.11 of the paper is burned off. 



Remo.rks: 

(7) 

(-s) 

27-6 (po.ge 2) 

Dissolve tho CoO in HCl ~nd o.dd 100 mg Cu o.nd 25 mg Ni o.s 
the chloride soUns. Adjust the o.cidi ty o.s in stop (1) 
o.nd repent stops (2) through (6) o.bovo. 

Convert this CoO to CoC1
2 

by trenting it rrith a.nhydrous 
C1

2 
o.t 6500 C for 30 minutes. -

(If dosired, po.rt of the CoO in step (7) may be dissolved in HCI 
o.nd -0. cobo.l t fro.ction purified still further by adding Cu nnd Hi 
hold-bo.ck carriers nnd- following the procedure for Co from Ni 
targets, No. 27-5.) 

The o.bove procedure wns desigr.ed for prepo.ring n samplo for o.no.lysis 
in tho calutron. In case 0. smnllcr spectrogro.ph is to be used, the o.mount 

. cmd- rim 1 form of the Co rnc.y need changing. 

See Scott (Std. Moth. Chern. Anal.) for further infornt.t ion on the ppt 'n 
of Co b~ nlpha-nitroso-beta-no.pthol • 

8/19/49 
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CHEMI CAL SEPARA nONS 

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

Ta.rget material: Ni (s(;po.ra.ted iSOtopes) Time for septn: 10 minutes 

Type of bbdt: Protons - 37" and 60" 
deute rons - 60 II 

Equipment required: 
Small beakers 

Yield: rV 90% 
50 ml soparatory funnels (2) 

Degree of purificntion: . Faotor· of 5 
I 

Advnntages: speed 

Prooedure: 

(1) Dissolvo Ni foil, weighihg 3-5 mg. , in 0. 10 ml benker containing 
0.5 ml of hot 6 ~ mW3'. Tuke to dryness on a preheo.ted hot plo.to. 

(2) Add 3-4 drops of hotconc HCI and to.ke to dryness. Rcpeo.to 

(3) Add 2 rug Co o.s the chloride solIn and wnrmslightly. Tr(',nsfer to 
0. 50 m1 sepa.ro.tory funnoLo.nd dilute to 10 ml wi th ~O. 

(4)· Add 5 gms of solid NH4SCNand s~~ke until 0.11 of the crystals 
o.rc dissolved. Extrnct Co from this sol tn by shaking 'lid th a.n 
equo.l volume of ethyl othor-amyl o.lcohol (1: l)~. 

(5 ) Draw off the H?O layer from this extraction 
scpo.ratory funnel, disco.rding the fow drops 
romn in in the stopcock~ 

into a second 50 ml 
of mixed sol Ins which 

(The Ni is contained in the E20 layer o.nd is worked up separately 
as described in the procedure for Ni from Ni targets, No. 28-6). 

(6) Add 10 ml of € ! NH4 OR to the organic lo.yer in the first scpo.ra tory 
funnel to destroy tne complex and reextrnct the Co. 

(7) Drnw off the c.mmoniaco.l 10.Jror into a small beo.kor, hent to boiling;, 
and ppt CoS by adding IDf

4
RS solIn. Prepare this ppt for counting 

o.s dosired. 

Remnrks: 

Sec Sandell (Colorime tric Dctorminn tion of Traces of l\-ictuls) for 
further informa. tion on the c:>:tra.ction of Co from thiocyano. te sol ths with 
ethyl ether - a.myl aicohol. If time allows, purification from Cu may be 
obthined by adding 2-3 mg Cu o.s the chloride solIn in step (3) und ppting 
CuSCN as outlined in· the procedure for eu from Ni turgots. (no. 29-5). 
Filter off the CuSCN, collect the filtrutc in u 50 ml scparo.tory funnel, and 
proceed with step (4) o.bove • 

. 8/19/49 
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CHErn C'-it SEP~l.RAT I mm 

Element separated: Cobnlt Procedure by: Stewart-Softley 

Target IIlI1terial: Copper foils (I"\l S g Cu) Time for sop In: 4-6 hrs for 
12 foils 

Type ofbbdt: 60 11 or 184~' deuterons Equipment roquired: 100 ml 
boakers, centrifuge cones, 
filter funne Is, sop. funnels 

Yield: 80-100% 

Degree ~f purification: 
5 10 . from Cu, Zn activities 

Advantages: Canba usod to s..) paro.tc Co from <lopper in 0. large number of 
samples simultaneously (o.g. for excitation functions) 

Procedure: 

(2 ) 

(3 ) 

Dissolve. copper foil in 6 N HOI and a: few drops of 30% ~02 _ Boil 
off the peroxide. Add 2 mg Fe, Zn and Go carrier a.s chlondes.-

Prccipi tate Fe (OH)3 1'lith excess ~m,10H" centrifuge a.nd pour off 
supcrnat~nt. Dissolve precipitato~in HOI and rope~t. Add 2nd 
suporno. tant to the 0 rigina 1. 

I&"'.ko solutio~2about ~ll !:!.withHOI. Add 0. fow drops of lIJ1I
4

HS03 to roduce Ou to Ou (shown by docolorized or pale yellow 
solution)_ Warm to noar boiling. Add 1m SCN crys'tc.ls until 
no further precipitation of CUSCN to.kes piace. Let sottle for 
15 minutes. Filter through YJha tmn.n 7'/42 filter papor directly 
into 0. scparatory funnel. Tash precipitate with a 1% solution 
of l'nI

4
SCN containing a li ttlo NH4HSOS• 

(4 ) 

(5 ) 

Remarks: 

Add 5 gl~ASCN to tho solution in the sepa.ra.tory funnel o.nd 
extro.ct (NH4)20o (SON)4 VIi th a 1:1 amyl alcohol-diothyl ether 
solution. l~da. 2 ml conc. HCI and 1 g NH4SCN and repeo.t extraction. 
until solvent layer ··is· colorless (2-3 extrc.ctions usually suffie-ient). 
Re-extract cobalt from the combined solvent layers 'with 6!NH

4
0H. 

Mnkesolution acid (pH 2-3) vdth HOI o.nd o.dd an o.dditiona.l 1 mg 
of Zn as ZnC1

2
- So.~liura.te ".lith H2S to precipito.te znS~ centrifuge 

o.nd dcco.nt supernntant into anotHer cone. Make sli~htly ammonio.ca.l 
o.nd wa.rm to coo.gulate CoS precipito.te. 

\ 

It vms found thr-. t Zn extracted rnrtio.lly from the so. tu!l. ted thiocyo.no.te 
solution with tho a.lcohol-ether mixture. 

8/24/49 

P-18 .. 264 
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CHEMICAL SEPARATIONS 

Element separat~d: Cobalt Procedure by: Stewart-Softky 

Target material: Copper foils (2-3 g Cu) Time for sopfn: 
12 foils. 

4-6 hrs for 

TYP9 of bbdt: 60 11 or 18411 deuterons Equipment required: Filter 
funnols, beakers 

Yield: tV 80% 

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% H202• 
Boil off' peroxi·de. Add 2 mg Fe and Co carriers as chloride. 

(2) Precipitate FC(OH)3 with excess NH40H. Filter and wash with 
NH4 OR (dilute). 

(3) 

(4 ) 

Acidify filtr~tc to about 0.1 ! HOI, add a few drops of NH4 HS0 3 to reduce Ou+ to Cu+ (decolorized solution) and warm to near 
boiling. Add NJI4 SeN crystals until no further precipi to. tion 
of CuSCN takes place. Let settle for 15 minutes. Filter through 
.1,'42 filter paper. Yio.sh precipitate wi th n 1% solution of NH4SCN. 

Add sufficient conc HOl" to filtrc..te to make about 1 N acid and 
heat to near boiling. Add 5-10 rol of a freshly prepared solution 
of a-nitroso-~-naphthol reagent. (10 g'~nitroso-~naphthol in' 
100 m1 50% acetic aCid). Let stand 30 minutes to insure complete 
precipitation of cobalt. 

8/24/4~ 
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CHEm CAL SEPARA TI ONS 

Element sepnrntcd: Nickol Prooedure by: H. Hopkins, Jr. 

Tnrge'(i material: As Time for septn: 45 min. 

Type of bbdt: 190 Mav D+ Equipment requirod: standard 

Yield: 95% 

Degroa of purifiontion: fnctor of V"\ 103 

Procedure: 

(1) Dissolve As in minimum HN0
3 

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

(2) Add NH40H to alkaline and pass in H2S rapidly! Centrifuge and wash 
NiS with H

2
0. . 

(3 ) 

(4 ) 

(5 ) 

(6 ) 

6/28/49, 
P-18-33 

Dissolve with cone. HCI and rcppt from NH40H. 

Dissolve in minimum cone. HC1, boil out H2S, add carriers below Ge, 
dilute to 10 ml and adjust pH to v\ 3 witfi HAo. 

Add dimethyl glyoxime solution until precipitation is complete. 
Centrifuge, dissolve ppt in cone HN03 and boil. 

Dilu-oo to 10 ml, make alkaline with NH40H and reppt with dimethyl 
g1yoxime. 

.::-
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CHEMIC}\.L SEPARATIONS 

Element separated: Nickel Procedure by: Goeckermann 

Target material:'~lg Bi metal Time for sep In: 1-2 hrs, 

Type of bbdt: 184" all particles Equipmen t reguired: Centrifuge, 
cones, no oven. 

Yield: IJ'\ 60% 

De~ree of purification: Decomtamina tion factor V' 10
4 

from fiss ion & spalla­
tion products, 

Advantages: Separates Ni in good yield from most elements. 

Procedure: 

(1 ) 

(2 ) 

(3 ) 

(4) 

(5 ) 

(6) 

(7 ) 

(8 ) 

To aliquot of HN07. soln of target, add 10 mg Ni/ make neutral, 
add 5 ml l)~ dimetl1ylglyoxime in alcohol, wash with H

2
0 and EtOH. 

Dissolve Ni d-m-g in 1 ml conca HN03~ dilute~ & scav twice with 
CuS. 

Scav three time s with PdS. 

Scav with Sb
2

S
3

, 

Boil out HzS, make basic with NH3, scav twice with Fe(OH)3' 

~~ke 0.5 N in HCl & scav with Pd d-m-g. 

Neutralize supn & ppt Ni d-m-g, 

Dissolve in conc RNO , reppt Ni d-m-g, filterJ wash with H
2

0 & 
EtOH, dry 10 min at hooc. Weigh as Ni d-m-g (29,4 mg per 10 mg 
Ni) . 

Remarks: Desi~ned tb purify a little IU from a lot of activity spread over 
the periodic table, A few mg of carrier are used in the scavenges. 

7./6/49 
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CHEMICAL SEPARAT IONS 

Element separated: Nickel Procedure by: Batzel 

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

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

Yield: 70% 

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

Advantages: Quantitative and specific for this region. 

Procedure: 

(1) 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 below. Remove copper as sulfide from 
I,!! HCl, and wash precipitate with l!'HCl saturated with HzS. 

(2) Boil supernate to remove H2S. Neutralize with NH40H and,make 
slightly aoid with aoetic acid. Add 1% alcoholic solution of 
dimethyl-g1yoxime (2 ml.). Centrifuge and wash the precipitate 
twice with 3 cc wa~er containing 2-3 drops of aoetic acid. 

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

4
0H to neutralize 

make sliGhtly acid with acetic to repreoipitate. 

(1) neigh ns tho Ni - c1.mg. 

Remarks: 

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

7/27/49 
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CImm CAL SEP.i.PJ\. TrONS - . 

Element separated: Nickel Procedure by: Stownrt-Softky 

Target material: Copper foils (300-500 mg· Cu. ) Time for sopln: 3-4 hI's. for 
12 samples 

Type of bbdt: 60" or .184" deuterons Equipment required: beakers, 
filter funnels 

Yield: V"\ 100% 

Degree of purificati%n: Complete separation of Ni from Zn, Cu, Fe, Co, Un 
factor of 11'\. 10 , 

Advantages: Ro.pid method by which many samples can be run simultaneously, 
Good yield wi th small o.mount of carrier. 

Procedure: 

(1 ) 

(2 ) 

(3) 

(5 ) 

(6) 

Remo.rks: 

Disso lve coppe r in 6 N HCI + 0. few drops of 30% ~O and boil off 
oxcess peroxide. ~dd-0.5 mg - 1 mg Ni carrier as c~loride. 

Neutralize Wi~h :HH 01I and 1l'~kc slightly acid with HCI. Add NliLl HS03 to reduce Cu+ to eu (only 1 - ? ml necessary) and boil off c~cess 
S02' 

Precipi tate CuSCH from the warm solution wi th 0. few crystals of 
NH SeN, being careful not to o.dd 0. large excess of lm~SCN. Let 
settle for 10 minutes ,FH tor throuGh 'TJha tman ~'f.t'.:2 filter papor 
and wash the precipito. te with 0. 1% solution of UH" SCN containing 
a little NH

4
S0

3
• ~ . 

Add 1 ml 50% tartaric acid to the filtrate , make very sliGhtly 
ammonico.l and warm to neo.r boiling. Add 1-2 ml 1% dimethyl 
glyoximc in ethanol to precipitate NiDMG. 

FH tor through Wha tmo.n :;'.1-0 fil tor po.per and wash with hot water. 

Dissolve precipito.te in dilute Hel and repeat (~) & (5) to"reduce 
Zn & Co contamination. 

Step (1): If' solution is made too strongly aL1lllonical, NiDMG will be 
incompletely precipitated. 

7/28/~9 
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CHE~!IICAL SEPARATIONS 

Element separated: Nickel Procedure by: Folger &. Hicks 

Target material:\.." 4 IS U metal foil Time for s epln: 1-2 hrs. 

Type of bbdt: 184" all high energy particles Equipment required: . Centri­
o fugs, cones, 110 oven, 

NH3 gas. 

yield: ....... 60% 

Degree of purification: 6Decontuminatiol1 factor V'10
4 

from fission & spalla­
tion products,V"\ 10 frolt. element s 38-56. 

Advantages: Separates Ni in good yield from most elements. 

Procedure: 

(1 ) To aliquot of target containing"'- 10 mg Ni pass in NH. Centrifuge 
and wash twioe with sat'd AqNH3• Combine supernatan~ and washings. 

(2) Scavenge with Fe(OH)3' Then Sr and Ba oarbonates and Fe(OH)3 
(to olean the sol'n). 

(3) To supernatant add 1-2 ml 1% dimethylglyoxime in alcohol. Centrifuge 
and wash vrith H20. 

(4) 

(5) 

(6 ) 

(7) 

(8 ) 

(9 ) 

(10) 

Remarks: 

Dissolve Ni d-m-g in 1 ml oonc. ENOS' dilute to 3 Nand scav ttJice 
wi th CuS. 

Dilute to 1 Nand souv three times with PdS. 

Soav with Sb2SS ' 

Boil out H
2
S, make basio with NH

3
, scav tvvice with li'G(OH)S. 

Make 0.5N in HCl & scav vlith Pd d-m-g. 

Neutralize supn & ppt Ni d-m-g, wash with H20. 

Dissolve in 0 onc. EN03 dilute and noutralize, reppt I;ri d-m-g, 
filter, "rash with H2_O, dry 15 min at 110

0 
C. Weigh as Ni d-m-g 

(29.4 mg per 10 mg Ni). 

(1) Designed to purify a l:lttle Ni from a lot of a otivi ty spread over 
the :;::G~" j.csic tD.ble. A few mg; of carrier are used in the sca'TBng€~ ~ 

(2) VJhe)"8 crur.!.e r Qmounts of C:.:t al:d Co ar0 present in the oril!in81 
target soln, it may be n00eSGQr~' to r(~movo these before ppt 1ng 
Ni-d,ng since Co and Cu form dmg complexes. 

(3) Ni-dmg is somevThat soluble both in alcohol and in excess d.m.g. 

8/4/49 
P-18-12:.8 

There is also a slight solubility in conc. NH
4

0H. 
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CHEllICAL SEPARATIONS 

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

Target material: Cu, Ni Time for sepln: 1 hour 

Type of bbdt: Deuterons - 184" 
Neutrons - 60" 

Equipment required: 
, Beakers; funnels, 

Yield: rJ 90% 

fine sintered elass filter, 
50 ml se para tory funne Is (3), 
15 ml centrifuge tube 

Decree of purification: Factor of 100 

Advantages:' Purity of lJi product 

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

(1) Dissolve 
and boil 
Co, 2 mg 

I~i foil. weighing 3-5 mg., in 0. few dro')s 
off HN03 with successive portions of HCL 
Fe and 5 mg Cu a.s the chloride soltns. 

I 

of cone HN0
3 Add 2 mg 

(2) Dilute to 50 ml with H20 o.nd heat to boiling. ppt Fe (OH)3 
by adding NH40H in excess and coagulate the pptwell by heo.ting. 
Filter the Fe (OH)S ppt through 1/42 1Vho. tman paper in a glass 
funnel and wo.sh wlth 0. small o.mount of 1% NH Cl solIn. (The 
ppt is worked up separa.tely o.s described in ~he procedure for 

,Fe from Cu targets, No. 26-10). Mlke the, filtrate slightly 
acidic with HCl.Add cone NH

4
HS03 soltn dropwise until all 

of the Cu is reduced (as shown by the lack of c.ny localized 
blue color when a few drops of conc NH40H are added). Add 
solid NH4SCNdissolved in a small o.mount of H20 until ppt'n 
is complete. . 

(3) Coagulo.te thcCuSClJ ppt by heating and filter it through a 
double thickness' of :/'1:42 rJhatma.n )Xtper in 0. glass funnel .• 
Discard t11e ppt. Boil tho filtrate to a volume of 10 ml 
to expel 802 o.nd tro.nsfer to c. 50 ml separatory funnel. 

B. picket_.!.!'.?~(50-100 mg) + d -1§.411 

(1) Dissolve eu 'target in conc. HCI containing a few drops of , 
cone. mJOs . Boil off the excess Hn0

3
• Add 2 mg Co, 2 mg Fe, 

and 2 mg Ni as the chloride sol 'ns. 

(2) Dilute to 50 ml with H20 and heat to boiling. Ppt Fe (OH)3 
by adding NH OH in excess and coagulate the ppt well by 
heating. Fiiter the Fe(OH)3 ppt through ~1~42 Whatman paper 
in a gla'ss fupnol and wash with a small amount of 1% 1'ffi4Cl 
sol tn. (The ppt is worked up separa. tely as described in the 
procedure for Fe from Cu tC\Z'gcts, Uo. 26-10). Make the filtra.te 
slightly acidic with HCI. Add conc. NH4 H$0:i sol 'n dropwise 
until all of the Cu is reduced (us shown by.the lack of any 
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localized blue color when a fevi drops of cone NH
4

0H are 
added). Add solid NH4 SCN dissolved in a small amount of 
H20 until pptfn is complete. 

(3) Coagulate the CuSCN jpt by heating and filter it through a. 
double thickness of -rfo42 \~lhatmnn paper in 0. glass funnel. 
Discard the ppt. Boil the filtrate to a volume of 10 ml 
to expel 802 and transfer to a 50 ml separatory funnel. 

C. Nickel -!:r~~Gu JO .1_ - 0.5 gms) + n - SO" 

(1) Dissolve Cu targot in 10 ml of hot S ! HN0
3 

in 0. small beaker 
and boil off HN0

3 
with successive portions of HCI. Add 2 mg 

Co and 2 mg Ni as the chloride sol Ins. 

(2) Add ~O and HCI so as to give a. volume of 25-30 ml wi th 
0.3 N.0.5 N HOI. Heat to 'boiling and pass in H S to ppt 
CuS.- Coagulnte the ppt by heating and filt0r i~ through 0. 

small fine sintered glass filter. Wnsh tho ppt with 0. 

small amount 0 f H20 and discard it 0 

(3) Boil the filtrate to a volume of N 10 ml and then transfer 
it to 0. 50 ml so pa rat o'ry funne L 

In all three of the above cases continue as follows: . 

(4) Add 5 gms of solid NH
4

SCN and shake until all of the crystals 
are dissolved. Extract Co from this solIn by Shaking with 
an equal volume of ethyl ether - amyl alcohol (1: 1) 

1 (5) Draw off the H20 layer from this extraction into a second 
50'ml scparatory funnel, discarding the few drops of mixed 
sol Ins which remain in the stopcock. 

(The Coiis contained in the organic fraction and is worked 
up separately as described in the procedUre for Co from Cu 
targets, No. ~). ' 

. 

(S) Add 2 mg of Co as, the chloride s91 'n to the H
2

0 layer in the 
second funnel and reextrnct wi th nn equal volume of ethyl ether-­
amyl alcohol (1:1). Draw off the H2O layer into a 50 ml 
boaker, boil to a volume of 5 ml, and transfer to a 15 mI. 
centrifuge cono. Discard 'the organic layer. 

(7) 'Mako the sol'n slightly ammoniacal and add 1 ml of 1% DMG 
in alcohol to ppt Ni. Centrifuge and discard the supernatant. 
Wash the ppt with H20, centrifuge, and discard the wash. 
Prepare tho ppt for counting as des ired. ' 

Remo.rks: Sec Sundell (Colorime trio Dc tcrmina tion of Traces of Metals) for 
further, information on the extruction of Co from thiocyuna te sol"ns 
with ethyl ether-runyl alcohol. 

8/19/49 
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'CHEMICAL SEPARATIONS 

Element scpo.ra ted: Nicke 1 

Target ma to rial: Cu (10 'g,'"nl!3, 

Type of bbdt: Neutrons'" 184" 
For cdutron s cparo.tion 

Yield: N 90% 

Degroe of purification: Factor of 100. 

28-7 

Procodure by:' R. C. Lilly 

Time for scp'n: 3 hours 

Equipment required: beakers, 
funnels, centrifuge cono 

Advantages: Separates Ni from large amounts of Cu. 

Procedure: 

I 

(1) Dissolve Cu target in 50-100 ml of hot 6 N HCI containing 
5 mlof 30% H20?,. Boil off excess H20z and add 25-50 mg Co 
and 5 mg Ni as the chloride soltns. D~lute tho sample to N 1 
liter and add NH

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

acidic. 

(2) Add conc. NH4 ESO", sol'n. J 1 ml at 0. time, until all of ·the Cu 
is reduced (as s~own by the lack of any localizod blue color 
when 0. few drops of conc. Im

4
0H are added). Add solid NH

4
SCn 

dissolved in 0. small amount of H~O until ppt 'n is complete. 
,:; 

(3) Coagulo.te the CuSCN ppt by heating and filter it through 0. double 
thicknoss of ://:42 Vlhntman paper in a large f!;lass funnel •. Discard 
the ppt. 

(4) Boil the filtrate to a volume of 200 ml and make the sol'n slightly 
ammoniacal. 

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

0H 
until the sol tn is· distin/ctly basic. 

(6) Coagulate the ppt by heating and then filter it through 1:~2 Whatm£tn 
paper. in a gluss funnel. Wash the ppt thoroughly with warm H20. 

, Ignite the ppt until all of the paper is burned off. 

(7). Dissolve the niO in HCl and Cldd 100 mg eu and 10 mg Ni as the chloride 
sol tns. Adjust tho acidity as in step (1) and repent steps (2) and 
(3) • 

(8) Boil the sol'n to 0. low volumo and transfer to 0. centrifugecono. 
~.hkc slightly nmmoniacal and ppt Ni with DMG as in step (5) abovo~ 
Coagulate the ppt in n hot H20 bath, centrifugo, and discard tho 
supernatant. Prepare the ppt for counting o.s desired. 

Remarks: Tho above procedure VIC,S designed for preparing a sample for analysis 
in the calutron. In co.se asmullcr spectrograph is to be used, the 
amount and final form of the Ni rno..y noed changing. 

8/19/49 
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OHEMICAL SEPARATIONS 

Element sepuro. ted: Copper 

To.rget mo. terial: A.s 

Type of bbdt: 190 Mev D+ 

Yield: ) 90% 

Degree of purificution: 

Procedure: 

3 
factor of' V'110 

29-1 

Procedure by: H. Hopkins, Jr~ 

Time for sepln: 3/4 hr. 

Equipment required: stnndc.rd 

(1) Dissolve As in HCl + HN0
3 

.• ewp off HlIT0
3

" udd 5 mg Cu currier und 
1 mg other ,holdbucks. 

(2) Ppt from 1 ! HCl with H2S. Was,h with H20 and treat ppt severnl ( 
times .. lith 1 N KOH. Washes out As ~ Ge - discard. 

(3) Dissolve rel11D.ining ppt in mini!llum conc. mm
3

, evap to dryness with 
HCl. 

(4) Dilute to 1 N HCl, a.dd pinches of solid Na2S0
3 

and No.CNS. 

(5) If the precipitate is not pure 'white add more Na2S03~ After ,t1.VQ 

minutes centrifuge. 

(6) Dissolve with hot conc. lIOI and repent precipitation • 

• (7) We igh a.s eu S CN. 

:l 
i, 

( '. 

Remarks: Ho1dbacks added Crthrough Sc except As ~ Cu. 

6/28/49 
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·29-2 

CHEMICAL SEPARA TlONS 

Element separated: popper Procedure by: Entzel 

"I:arget material: CoppGr Time for sep'n: 40 min. 

Type of bbdt: 60" 18411 ,lineo.r 
accelerator - all particles 

Equipment required: standard 

Yield: 80% 

Degree of purification: factor of l..I\ 10
3 

P:'·oceci.ure: 

(1) Add holdb~r:k carriers for the necessary elements. Dissolve the copper 
in as liij-l;le lUa D.S 'possible n~ding~02 to sPJ'3d up thG solution. 

(2) I.ln.ke J.N in HCl. Rec.ucc the Cu++ to,Cu+ with Na
2

S031 cool and add 
NaCl'!S u'ntil prccipitCl tion is complete. 

(3) Centrifuge and ~!lClsh the precipitata with cold water. 

(4) The procjpito.te can be dissolved in concentrated EN0
3 

or HC!. 

(5) Rcpreoip:_bticn c::>.n ~e Q.ccoi1:1?~ished by dHuting to' 1 l'1, reducing 
and rep1'c()j.F~c t~.t·;_ng ~;rit.h thj.o-:,ya~:1.at.o. 

R'3ma.rks: 
I. 

(2) 

(~ ) 

CoppGr oan also be p~enipitatGd as the sulfi~e from 0.5 N to 1.0 N 
a(~i('!. :3o::'Qt~.on,n)Jci ·t':hc I.':r::lcipito.te di;,sol'rf·d in fl1,~i:1g :Im;3" 

A drop of 1'1etting agent v!ill prc1i'cnt the tendency of the precipi tate 
to creep. 

. In rGcIissoJ.ving care must be taken since the cvclutiol1 of gas is 
p~oj~;:~~e ~ 

(4) Th~'e.e pr8cipit;> -!>ions of t,he Cu D.1'e enough to ei ve a decontamination 
fuc tor of'tV 1;)'·' • 

7/6/49 
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CHEllICAL SEPARATIONS 

Element separated: Copper 

Target material: V\ 1 g Bi m:ltal 

Type of bbdt. 18411 all partie les 

Yield: 

29-3 

Procedure by: Goeckermann 

Time for sep In: 1-2 hrs. , 
,-

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

Degree of purification: Decontamination factor ~ 104 from fission & spalla­
tion produc ts • 

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

Procedure: 

(1) To aliquot of liN03 soln of target, add 10 mg Cu, make basic with 
NHg , centrifuge out Bi (OH)3 & scavenge with Fe(OH)3 and BaC03 
(aad K2COS)' , 

(2) Make supn 0.5 N in HCl. B~bble in s02' add KONS until OuONS ppts 
(slight excess) 

(3) Dissolve Cu CNS in liNOs & make neutral. Add rom & scavenge with CdS. 

(4) Acidify t" boil off HCN (caut2-~.I), add Sr & Y holdback, ppt CuS 
from 3N HCl. 

(5) Dissolve in mm
S

' add HCI &' destroy HN03 • Dilute to 0.5 N HOI & 
scavenge twice with AgOl. , 

(6 ) Ppt CuONS from supn, filter, 'Wash with H
2

0 & EtOH, dry 15 min. at 
110°C. r,-eigh as CuClJS(19.2 mg per 10 mg Cu). ' 

Remarks: Scavenges made with 1-5 rng oarrier. 

10/6/49 
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CHEMICAL SEPARA TIONS 

Element separated: Copper 

Target mo.terial: V\4 g U rroto.l foil 

Type of bbdt. 184" £111 high energy particles 

Yie ld: tf) 60% 

29-4 

Procedure by: Folger & Hicks 

Time for septn: 1-2 hrs. 

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

Degree of puri~ication: ~con~mination factor ~ 104 from fission & spalla­
tion products. '""'" 10 from clements 38-56. 

Advantages: Good yield of Cu purified from 0.11 other elements. 

Procedure: 

(1) To aliquot of liN03 or HCI soln of target, add 10 mg Cu, make basio 
with NH

3
,centrifugc out B~ (OH)3 & scavenge' with Fe (OH)3 and BaC03, 

SrC03 (add K2C03). 

(2) Ihko supn 0.5 N in HCl. Bubble in S02' add I{CNS until CuCl~S ppts 
(slight excess) 

(3) Dissolve Cu mID in Hli0
3 

& mo.kb neutral. Add KeN & scavenge with 
CdS, As

2
S

3
, and TeS2• 

(4) Acidify & boil off HCN (cauti0E,1), o.dd Sr I La &, Y holdbacks, ppt 
'CuS from 3N ECI. 

(5) Dissolve in minimum fINO
S

• Diluto to 0.5 N H+ & scavenge tl,';ice with 
AgCl. (Boiling helps coagulate AgCl). 

(6 ) 

Remo.rks: 

7/28/49 
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Ppt CuCNS from supn, filter, wash with H20 & EtOH, dryl5 min. at 
1100 C. Ykigh as CuCNS(19.2 mg per 10 mg Cu). 

Scavenges Irulde with 1-2 mg carrier. 



29-5 

CHE1UCAL SEPARATIONS 

Eloment separa.ted: CopE..~!.. Procedure by: R. C. Lilly 

Target lllD.terial: Ni (scpc,rntod isotopes) Tima for sopln: 4-5 minutes 

Typo of bbdt: Protons - 37" and 60" 
Deuterons - 60 11 

Equipment required: 
Small bonkers, 
Hirsch funnel 

Yie ld : 50- 75% 

Degree of purificntion: Factor of 5 

l .. dvnnta;,"es: speed 

Procedure: 

(1) Diss'olve Ni foil, weighing 3-5 mg., in 0. 10 ml boo.kor containing 
0.5 ml of hot 6 1'1 RNO n - Take to dryness on u preheuted hot p1o.te. 

- .:> 

(2) Add 3-4 dro~s of hot cone,nCl o.nd take to dryness. Repent. 

(3) 

(4 ) 

(5) 

Add 't~e following in succession, warming ufter each o.ddition: 
2 mg du und 2 mg Co as 2 ml of tho ohloride sol 'ns; 0.5 ml cone 
NH

4
HS03 solIn.; o.nd 0.5 ml 10% NH

4
SCN solin. 

Stir and wo.rm s,lightly. Filtor the sc.mplc through a 1/42 YJha tmctn 
filter paper disc held in 0. Gooch orucible or Hirsch funnel 
o.nd prcwot with u few, drops of 0.1 ! NH4SCN - 0.1 ! ~TH4HS03 wo.sh 
solIn. 

Wash with a smo.ll amount of 0.1 N l'JH SCN - 0.1 ! NH
4

HSO
S

' wash 
solIn followed by a fow drops of-aC':3tono. Mount for counting. 

8/19/49 

P-18-231 



30-1 

CHEMICAL SEPARATIONS 

Element separated: Zinc Proceduro by: Goeckermann 

Target material: V\ 1 g ~i metal Time for septn: "'" 1 hr. 

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

Yie ld: Vt; 70% 

Do groG of purifieo, tion: ITo deteo table conto.mina tion from other fission and 
spalla tion products. 

Advnntages: Good yield of pure zinc. 

Procedure: 

(1) To aliquot of nitric acid solnof Bi, add 10 mg Zn,l rol sat. ~ C204 , 
and make 1 Ii in RNO (10-25 rol). Cool in icc bath, add 3 mlZn reagmt 
(39 g RSCN dissolve~ in 200 ml ~O. Stir in.27 g. HgC12 while diluting 
to llitor), stir 5 min. (scratefi. glo:ss -J:;o begin pptn.) 

(2) Dissolve ZnHg(SCN)4 in 5 ml 2! HN0
3 

and dilute to 1 u. Add 1 ml sat 
H2C204 and 3 ml Zn reagent. 

(3) Repent (2). 

(4 ) 

(5) 

(6 ) 

(7) 

Dissolye ppt in 2 ! liNOSi dilute to 1 N, o,nd ppt HgS. reutralize 
supn to 0.3! HN03 with NaOH o,ndppt Bi2s3 (5 mg Bi) three times. 

lnke 1 ! in NH4Ac and ppt ZnS. 
.. 

Dissolve ppt inS ml cone HBr, evnp to dryness several times, take up in 
10 ml 0.5 ~ NaOH, add 1 ml 2 M Na?c.0

3
e Ppt Fe (OH)3 (2 mg) and BaC03 (5 mg)throG times from hot soln.~ 

Add HOI to make 1 E and 1 rel sat ~C204' Add 3 reI 211 reagent to cold 
soln, stir 3 min, filter, wash three tlm9S with 5 ml absolute EtOH o,nd 
three times with 5 m1 e-ther, dry 7 min' in vo,cuum qessicator •. Weigh as 
Zn,.tJ:g(SCN)4 (76.2. mg per 10 'mgZn). . C 

Remarks: Stc.ndardize carrier: o,s ?nIIg (SCN)4 also ~ Final ppt poor if radio,tions 
soft because of large self-absorption correction required. 

6/27/49 
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30-2 

ORE1' :IOAL SEPARA'l'IOHS 

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

Target rna terial : As. Timo for sepln: 1 hr. 

Typo of bbdt: 
, + 

190 Mev D Equipment required: stundard 

Yie Id: V\ 60% 

,-Degree of purification: fuctor of 1../\50. 

Procedure: 

(1 ) 

(2) 

(3) 

(4 ) 

(5 ) 

(6) 

(7 ) 

Dissolve As in 10 ! HN03 • 
1 IT H+. 

"\ 

Add 10. mg. Zn carrier and dilute to 

Add 0.03 H ammonium mercuric thiocyanate solution dropwiseuntil 
pptn of Zn is conpletc~ 

Dissolve in conc •. HNOS,add other holdback carriers and rcppt. 

Dissolve in HNOS' evap. off rnmS' with HC1, scavenge with OuS from 
2 N HOI. 

. +. 
Ppt ZnS from solution 0.01 lli II • 

Dissol ve in 1 drop conc. Hel & dilute. , 

Ppt from 0.01 M H+. 

Remarks: Holdbnck curriers. that can be added Cr thru Se axc'ept As & Zn. 

6/27/49 
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30 .. 3 

CBEUICAL SEPARATIONS 

Element separated: Zinc Procedure by: Batzel 

Targ~t material: Copper Time,for sopfn: 40 min. 

Type of bbdt: all particles 18411 &60'" 

Yield: 60% 

Equipment required: Standard 

Degree of purification: factor of ~103. 

Procedure: 

(1 ) 

(2 ) 

. (3) 

(4 ) 

(5 ) 

(6 ) 

(7) 

Remarks: 

The copper is dissolved in concentrated HNO" or HCI and H202 to 
s~ed up solution. Five mg of Zn anQ. 1 -or' 2 mg of holdback 
carriers for tha necessary elements are added. 

Tho copper is removed .as the sulfide from a 1· N" acid solution, NH40H 
added to make the soln alkaline and then H2S added to complete preci­
pitation • 

The prec ipi tate is was hed vii tho a. so lution' containing 0. couple of 
drops of NH

4
0H ond saturated with H2S. 

After centrifugation 2-3 mI. of ~ N HCI are added, the precipitate l 

stirred well; o.nd the solution centrifuged almost immediately (after 
about one minute). The zinc and manganous sulfides arc dissolved 
while the nickel and cobalt sulfides ar.e attacked slowly. 

The ·supernate is boiled to remove H2S ,approx 1 ml cone, NHL'.OH . 
added to neutralize the HCI and an equal volume (3,4 cc) of conc. 
HAc added. The solution is heated almost to boilinG and saturated 
\:ith HZS to preCipitate the Zn. 

The precipitate is dissolved in 1 N HCI - the H S boiled off and· 
2 !rig Fe holdback carrier added. 2" to 3 pelle~s of NuOH are 
added and the ppt removed leaving the Zn in solution as zinoate. 

The so lut ion is made I N in HCI.and zinc rea.gent o.dded to perform 
the final prccipitation~ 

(1) The Zn reagent is mado from 32 gm NHI.',SCN & 27 em HgClz in 500 ml 
H20. (See' Scotts Stando,rd Methods or- Chemical Analys 1S I Vel. t, p.45) 

(2) The Zn reagent precipi ta to con be dissolved in 5-6 N HUO
S

-

(3) The Zn reagent is a. sa.tisfa.ctory a.nalytical proc,edurcl but the 
gr~vimetric factor should be determiped experimontully. 

7J6/49 
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CHEMICAL SEPARATIONS 

Element soparated: Zinc 

Target material: Copper foils (cn 300 rug) 

Type of bbdt: 60" or 18·2,11 deuterons 

Yield: 80-100% 

30-4 

Procedure by: . Stcwart­
Softley 

Time for se p In: 1-2 hrs. 
for 12 sam?les 

Equipment required: 
100 ml beaker 
40 ml centrifuge cone 

'filter funnel 
20 mesh aluminum 

Degree of purification: Decontamination by factor of ~04 from other 
act~ vi ties. 

Advantnges: Simplicity. Can he used to scpnrate Zn from copper rapidly 
in a large humber of samples simultanoously (e.g. for excitation 
func ti ons ) . 

Procedure: 

(1) Dissolve Cu foil in 100 ml beaker with a minimum amount of 6N 
HN03• Add 2-3 mg ?n carrier as nitrate or sulfate. 

(2) Add 1 ml conc. H2S04 and cwporate to 803 fumes to remove HN0
3

" 

(3) Dilute to 2-3 N H2S04 and add about 500 mg 20 mesh aluminum. 
Boil until all Cu is reduced and for about 5 minutes after tho 
solution appears to be water-white. Cool. 

(4) Filter through 0. rapid filter paper and catch filtrate in 0. 

40 ml centrifuge cone. Wash Cu ppt with O.lN - H_S0f, ~ _ G :£ 

(5) Add a drop of methyl orange to the filtrate and adjust to pH 2-3 
with NaOH and dilute H2S04 " 

(6) Saturate with ~S to preCipitate Zn8, contrifuge, and decant 
supernatant. Vtnsh with 0.01 ! H

2
S04 containing HzS. 

(7) Plate ZnS & count •. 

Remarks: 

Method is designed to give rapid separo.tion of Zn from eu when doing 
6 to 12 samples simulto.neQuslyo There is some eu contnmination after 
only one aluminum reduotion, but this is much less than 0.1% when only 
300-500 mg of Cu is used for the target. Contamination could be 
reduced by o.dding 1-2 rog inert copper carrier os chloride or sulfato 
ufter filtering (step 4) & prccipitnting CuS from 1 ! H

2
80

4 
with E2S~ 

After removnl, reduco acidity to 0.1 - 0.01 ! E2S04 & ppt znS. 

7/28/49 
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CHEMICAL SEPARATIONS 

Element separated: Zinc Procedure by: D. B. stewart 

Target mnterinl: Cepper Time ror sepfn: 2-~ hrs. 

Type ef hbdt: 60 11 or 184" Equipment required: 
150 ml beakc r 
filter funnel, 40 ml 

oentrifuge cone, 
stainless steel electrode 

to fit 150ml booker 
platinum c lee trodo 
D.C. source 

Yield:' 80-100% 

Degree of purification: Complete sepnration from coppe~ better thnn 106• 

Advantages: Only smr.ll rumount of carrier needed as compared to copper. 
(1 mg Zn carrier can be recovered ·quanti to. tive ly from up to- 20 g Cu) 

Procedure: 

(1 ) 

(2 ) 

(3) 

(4 ) 

(5) 

Remarks: 

Dissolve oopper in 6 If - RNO and evo.porate off excess a.cid. 11.dd 
1 mg Zn carrier as nitrate ~d 0.5 ml cone. H2S04• Dilute to about 
100 ml with wo. tor. 

Elcctrodeposit copper on a stainless steel cathode at 2-3 volts, 
5-10 amperes using a rotating Pt anode. Sot apparatus in an icc 
bath during tho electrolysis. 

When solution is water-whi to, turn off current and quickly removo 
electrodes. Evo.':'orate solution to S03 fumes to remove HNOg • (It 
mny be nocessary to add 0. few drops 01' H2S04 ), Dilute.to 20 ml 
(or about 1 ! HzS04). Saturate with HZS to precipitate remaining 
copper. ' 

Filter thro ugh Wh.a tmnn :t~-42 filter paper, wash proc ipito.te with 1 N 
E2S04 containing a littlo HzS. Boil filtrate to expel excess H2S7 

Transrer solution to 0. 40 ml centrifuge cone. Add a drop of methyl 
orange indicator and adjust to pH2~3 with NaOH and dilute H2S04 , 
Saturate with l!2S to preoipitate ZnS~ Centrifuge, decant supernatant, 
and wash'wi th 0.01 ! HZS04con-roining H2S. . 

(Step 2) Cathodo used was a stainless steel inner jaoket for the benker 
with a strip extension for outs~de conneotion to the electrolysis uni't. 
Expesed surraco was about 75 em. Deposit is not very smooth at this 
current and cooling is necessary. 

7/28/49 
P-18-113 



30-6 

CHsEICAL SEPARATIons 

Element separated: Zinc Procedure by: Folger & Hicks 

Tarret tr.aterial: ~ 4 g U metal Time for saptn: "" 2 hr. 

Type of bbdt: 184" bbdt all high energy 
particles 

Equipment required: Centri­
o 

fuee~ cones, ice, 110 oven 

Yield: ""' 70% 

Degree of purification: No detectable c%ntwmination from other fission and 
spalla tion products - factor of 1'...'10 decontc.mina"t;ion. 

Procedure: 

(1) To aliquot of nitric acid soln of U containing r-' 10 mg Zn add I mI. 
sat. H2 C °4 , and make 1 ! in HN03 (10-25 ml). Cool in ice bath, 
add 3 ml Zn reagent (39 g KSCN dissolved in 200 ml ~O. Stir in 
27 ~ HgC12 while diluting to 1 liter), stir 5 min. (scratch glass 
to begin pptn.) 

(2) Di~s6lve ZnHg(SCN)4. in 3 ml 4 N mr03 and dilute to 1 N. 
sa .... HzC204 and 3 lfll Zn reagent. 

Add 1 ml 

(3) 

(4) 

(5 ) 

(6) 

(7 ) 

Repea t (2)," but do not add H2C20
4

• 

Dissolve ppt in 2 ! HN0
3

, dilute to 1 E> and ppt CuS, Ag 2S. SnS2 , 
Sb

2
S

3
• Bi

2
S

3
• Repeat using CuS as final scavenge. 

luke 1 ~ in NH
4

Ac and ppt ZnS. 

Dissolve ppt in 5 ml conc. HBr, evap to dryness several times, take 
up in 5 ml ! NaOH, add 1 ml 2 !i Na2C03 • Ppt Fe (OH)3 (2 mg) and 
BaC0

3 
+ Sr~03 (2 mg) three times from hot soln. 

Add HCl to rna!ce 1 1J. 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 

CHEMICAL SEPi ... Rt'..T IONS 

Element separated: Zinc Procedure by: R. C~ Lilly 

Target material: Coppo r Time'for scptn: 6-8 hours 

Typo of bbdt: Deuterons - 60" Equipment required: Pt evapor­
ntinG dish, pt ~node, 
stirring motor, DC souroe 
supplying 2-4 umps atN 5 
volts, pH metor, benkors 

Yie ld: N 100% 

nnd funnels 

'Degree of purifioation: excellent - at loast factor of 100 from other 
notivities present. 

Advanto.ges: Easy method for removing largo amoun:ts of Cu 

Prooedure: 

The weight of Cu used should not exoeed 2 g·ms for the quanti ties o.nd 
volumes given below. If the amount of Cu is large, it is adviso.blo to 
dissolve the to.rget ~nd removo an aliquot. 

(1 ) 

(2 ) 

(3 ) 

(4) 

(5 ) 

(6) 

Rcmc.rks: 

Dissolve au target in HN0
3

and.tuke the soltn to dryness. 

Redissol ve the Cu (N03 )2 by warming wi th H20; then o.dd Z ml 
oono miT0

3
, 2 ml cono ff2S0

4
, c.nd 2-5 mg Zn as ZnS0

4 
solin. 

Tra.nsfer to c.. Pt evuporo.ting dish; tho 'sol 'n volume should bo 
N 50 rol. Using a. rota.ting Pt o.node, remove Cu by electrolyzing 
for from one to soveral hours at 2-4 amps a.nd tV 5 volts. The 
soltn should beoome colorfess. Pour the solfn from the dish 
into a be~ker; rinse the Ou deposi t with several sma.ll portions 
of HZO nnd add thom to tho main solIn. 

Boil the solin to c.. low volume; add 2-5 ml 30% H ° end boil off 
e,xce~s HZOZ ~ Ppt Vii th NH40H" fil tor, o.nd disoara ~o ppt, if· 
nny l.S present. 

1hke tho filtro.te 0.3 N in HCI, 'hent to boiling, and puss in 
HZS to ppt CuS~ Filter a.nd discard the ppt. Tost for ~ompletc 
ppttn by o.go.in po.ssing,in HZS. 

Boil tho nItrate to drive off excess H S. Adjust the sol'n to 
pH 2-3 with NH

4
0H. Pc,ss in ~S to ppt ZnS. Filter ~nd wo.sh the 

ppt with H2O. Dissolve the ZnS in I N HOI if desirod or use us 
is. 

The ZnS in stop (6) should be whi to. If it is not, furthor purifioo.­
tions may be necessary for Cu tmd Fe and perhaps for other moto.l impurities 
such us Ni e.nd Or. ~gis procedure ho. s been u'sod for tho prepare. tion of 
pure compounds of Zn. . , 

SGO Hillebrand & Lundell (Applied Inorganic Analysis) for further 
informa.tion on eu deposition. P-18-Z38 
8/19/49 . 



30-8 

CHEMICl .. L SEP.\p',\T IONS 

Element separated: Zinc Procedure by: Nowton 

Target IIlllterial: Thorium metal (.1-1 gm) Timo for sop In: . N 3 hrs 

Typo of bbdt: 60 11 ulphas ' Equipment required: Standard 

Yield: f'\J 50% 

Degree of purification: > 10
6 

Procedure: The Th metal is dissolved in cone Hel plus a few drops of 
.2 M (NH4)2SiFs to clear up the black residue. The HCl is diluted 
to 2 ! niidan aliquot taken. 

(1 ) 

(2 ) 

(3 ) 

'(4) 

(5 ) 

(6 ) 

(7 ) 

Add 10 mg zn++, 1-2 ml H
2

C204 (sat.) and EN03 to mako I! , 
(10 to 25 ml.) Centrifuge out Th(C

2
0.-. )2" Ceol in ico bath and 

add S ml HrC12-KSCN reagent. Stir nnd scratch gla~s to ppt, let 
stand 3-5 min~ Centrifuge out ZnHg (SON)l ppt. . ., 

To ppt, add 1.5 ml 6 ! HNOS nnd 3 rul H20. Boil until ppt dissolves 
and for 1-2 minutes longer to remove decomposition products. Dilute 
te 10 ml and cool in cold water. Add 1 ml sat !:2C20" and 3 m1 
HgCI

2
-I{sCN reagent. Stir for 3-5.min to ppto Centrifuge. 

Repoa t (2) on ppt. 

To theZnHg(CNS) add 15 m1 6 N RNO and 3 m1 ~O~ Boil to dissolve 
and for 12 min. ionger. Dilute to to m1 rind saturnte with H2S. 
Centrifuge. To supernate ndd 1 ml 6 N NaOH, 5 mg Bicarricrand 
saturate with H2S. Centrifuge.' - . 

• Repeat Bi2S3 
scavenging ~vioe. .. ... dd 2 ml 6 ~ NH4,hc (pH N 5), snturate with 
~S, , centnfuge ,out the vihi to ZnS. 

Dissolve ZnS in 5 ml conc HBr. Evnp to dryness over an open flame. 
Repeat evaporntion ~/ice vdth 5 ml portions of HBr. Take up 
residuo in 10 ml 0.5 111 l~aOH, add I ml 2 H Na2C03 nnd boil. Keop 
solution agitated and-add 2 mg Fe+++ o.nd-S mg Bo.++ dro~/ise. 
Direst hot solution I min., centrifuge. Repeat hydroxide scnvonging 
~vice on supernate. 

To the cleo.r supernate add '.;, ml 6 M HCI and I ml sat H
2

C
2

0
1

• Cool 
in cold wn tor nnd add 3 ml ICSCN-HgCl2 reagent. Stfr oocas1onnlly 
for 3-5 min,. Centrifuge out ZnHg(SCN)/J' 

J: 

Suspend the ZnHg(SCN), in about 5 ml H
2

0 and transfer with aid of 
wnsh. bottle to 0. weigEed filter paper 1n a smnll Hirsch funnel. 
Fil ter with suction. 

(8) Wash ppt ~ times with S ml EtCH (absolute) nnd three times 5 ml 
Et

2
0. Trnnsfor pnpcr to smnll wntch gluss in vacuum dosiocator~ 

Evacuate, 2 min. Re lease, ovu~}Ua te 5 minutes. Heigh ns ZnHg 
(SCN) 4. 

P-18-27~ 



30-8 (page 2) 

Remarks: To make HgC1 2-KSCN reagent dissolve 39 gms KSCN in 200 ml H2O. 
Stir in 27 gms HgC12 while diluting to one liter. 

This method hus been described previously (Phys. Rov. 75 17 (1949». 

P-18-278 



(: 

CHEMICAL SEPARATIons 
if 

Element separated-: Gallium. 

Target rna terial: As 

+ Type of bbdt: 190 Mev D 

Yield: V\ 80% . 

31-1 

Procedure by: H. Hopkl.ns, Jr_ 

Time for sep'n: 1/2 hr. 

Equipment required: standard 

Degree of purification: radiocheniically pure by factor of V"\ 10
3 

Procedure: 

(1 ) +++ Dissolve As in 10 ! mm
S

' a.dd 10 mg Ga. carrior & 1 mg Fe . cnrrier, 
evap to near dryne ss . 

(2 ) Add 6 N HCl and when cool extract twice with cquo.1 volumes of 
ethyl ether. ' 

tS) Wash five times with 1/3 vo_lumes 6 !.H<::I. 

(4) Extract into Srnl H20. Add 'KOH ~o'l !! and centrifuge. 

(5 ) To superhatant add Hci till just neutral~ adjust pH to ~5.5 with 
tto.ces· of NH

4
0H and HAc. . 

(6) . Centtifuge off Go. (OH)S" 

Remarks: If want to check chemical yield .weigh as the 8 hydroxy quinola. to 
precipitated from slightly alkaline solution. 

6/27/49 
P-18-30 



31-2 

CHEMI cAL SEP1..RA TI ONS 

Element separated: Gallium Procedure by: Goeckermann 

Tnrgct rna
J
teria1: V"t 1 g Bi metal 

Type,of bbdt: 184" all particles 

Time for septn: 1-2 hrs. 

Equipment required£." Centri­
a fuga, cones, 110 oven. 

Yield: V' 80% 

Degree of purification: Decontamination ,factor ~ 104 from fission & spalla­
tion produc ts • 

Advantages: Good yie fd of pure Go.. 

Procedure: 

(1 ) 

(2 ) 

(3 ) 

(4 ) 

To aliquot of HNO soln of target, add 10 mg Go. &: V" 2 mg Mo, , 
destroy, HN0

3 
&: mn~e 6 ! in HCI. Extract with equal vol of di-ethyl 

ether, wash wi th 1/3 vol 6'.!! HCl. Re-e~t Ga into 2/3 vol Hz0' 

Boil out ether. Halce 0.3 N in HCl &: add 1 ml alcohol soln of 
a-benzoin oxime to ppt Mo.-

ppt Bi2S3 (5 fig) three times. 

Boil. out H
2
S. MJ.ke I! In NaOH, 0.2 M in Na2C03 &: ppt FO(OH)3 -

&: BacOS sco.venge three times. 

(5) liake soIn 6 N in HCl &: ext with 1 1/2 vol ether. Ho.sh ether vlith 
6 ! HCl &: re~extract Ga into H20. 

(6 ) 

-(7) 

Boil out ether. Evap to dryness 'with 5 ml cono. HDr three times. 
Take up residue in 10 ml 6 N HC1 & repeat ether extrn. 

Dilute H20 layer to 35 ml & heat to60oC. Add 3 ml of 8-hydroxyquin­
oline soln(50 gil in 2 ~ HAc) ~~ 6 ! NH4Ac drop>1ise until IE rmD.nent 
yellow ppt fa rIDS, then add 1 ml excess. Add aerosol &: fil tar, wash 
with 10 ml warm H20, t\.vice wi th 5 ml oold H20, dry 15 min. at 
,HOoC. 'V!aigh as Go. 8-hydroxyquinolate (72 mg per 10 mg 0'-). 

Remarks: Very bulky heaVl] ppt per' mg Ga. 'Go. llium ferrooyo.nide pptns were 
included in the origino.l procedure but were tested &: disco.rded as unsat­
isfactory. rum

3 
can b~- destroyed in' step (1) by adding hydro:xy~amine 

and heating. 

7/6/ 49 
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CHEllIT CAL SEPAHA TI ONS 

Element scpo:rated: C"'ermanium 

Target material: As 

Type of bbdt:, 190 Mev D+ 

Yield: ~roater 90% 

32-1 

'Procedure by: H. Hopkins 

Time for sepln: 1 hr. 

Equipment required: centri­
f~gcJ 100 cc dis­
tillation apparatus 

Degrec'of purification: 
~ , 

. 3 
radioohemically pure by factor ,of ~, 10 

Proceduro: 

(1) Dissolve As in 10 !'HN0
3

• 'Add 10 mg Ge carrior and holdback 
(Cr th~ough Se)carriers. 

(2) Distil Ge from 20 ml boiling 6 N HCl in slow str'cam of C12 • 
Catch distillate vapor in dry ice-acetone-cooled collector. 

(3) When 1/4 remains in distilling flask add more HCI and repee. t. 

(4 ) Add l'TI1
2

0H.HCl to 'distilla te until no further reaction occurs. 

(5) Pass H
2

S into the still cold solution. 

(6) Centrifuge off GeS2 • 

Remarks: When lool-inG f0r n small nmount of Ge in preson'lc of a large 
amount of Se activi"bJ. a,[,pecial separation of So :,n0uB. be performed.' 
(See 34-1). 

6/27/49 
P-18-29 



32-2 

CHEMICAL SEPARA. TIONS 

Element separated: Germanium Procedure by: Newton 

Target rna terial: Thorium metal (.1-1 gm) Time for sep tn: N 2-3 hrs. 

Type of bbdt: 60" a.'s .Equipment required: still 

Yield: ' undetermined 

De~ree of purification: 105 
to 106 

Procedure: The Th metal is dis sol ved in cohc HCl + a few drops .2 M solutions 
(NH4)2SiFs to clear up black residue. The HCI is diluted to 2 Nand 
an al~quot taken. 

(1 ) 

(2 ) 

(3 ) 

(4) 

Add 10 mg Ge + As. Make to 15 ml, 6 N in HCI. Add crystal of 
~4I and treat with E2S at ice temp. 1Vash with 6 ! H2S04 saturated 
w~th E2S. . , 
Dissolve ppt in 1 m1 conc. NH4OH. 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 conc HCl an~ a crystal of 
KCl03~ Distill all but 5 ml into 5ml H20 in ice bath. 

Pass lIZS into GeC1
4

solution and centrifuge. Add 10 mg As to 
ppt of GeS

2 
and re~eat GeCl

4 
distillation (step 2)0 

Reprecipitate GeS , wash with H20, alcohol, and ether. 
110

0 
C e Weigh aS~GeS2' 

Dry at 

Remarks: 10 mg Ge = 18.79 mg GeS2 0 

This method has' been described previJusly (Fhys. Rev. 75 17 (1949». 

8/23/49 

P-18-291. 
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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. 

Type of bbdt: 190 Hev D+ Equipment required: - standard 
distillation apparatus 
100 cc 

- Yield: greater 80% 

Degree of purification: radiochemically pure by factor of V'100 

Procedure: 

(1) Dissolve As in cone. mm3 -+ HCl. Add carriers of Se and elements _ 
below, (2 mg). 

(2) Separa.te Se by procedure given under Se (34-1) 

(3) To supernatant add HCl to make C\ 3 N solution cC?n~aining 
10 mg As/mI. 

(4) Puss H2S into hot solution nnd stir vigorously. Repeat. 

(5 ) 

(6 ) 

(7 ) 

(8 ) 

Centrifuge off precipitate and wash wi th~O. 

Dissolve As and Ge salts with dilute KOH, loaving CuS behind~ 

Separate Ge by distilling from 20 ml of boiling 6 N HC1 in 0. 

s loVi stream of chlorine. Vfhen 1/4 volume remains, add 6 N Hel 
and repeat. -

Prccipi tate As
2
S

5 
from 3 U HOI. 

Remarks: So and As ma.y first be removed together by volatilizing the 
elements along 0. quartz -or pyrex tube. -

, 
6/27/49 

P .. 18-18 



CHEHICAL SEPARATIONS 

Element separated: }~scnic Procedure by: Gocckermann 

Target material: ~l g Bi motal Tima for sep'n: Few hrs. 

Type of bbdt: 184" all particles Equipment required: Centrifuge, 
tubes, all glass distilla­
tion flask, tank C1

2 
&: HOI, 

ico, 110
0 

ovon. . 

DOGreo of purification: 
tion'products. 

4 Decontamina tion factor \f\ 10 from fission & spnlla-

Advantages : Project fission product procodure.· 

Procedure: 

(1) To aliquot of HNOS soln of target, add 10 mg As & ~ 10mg Ge, 
boil noarly to dryness, take up in 15 ml 6 N HOI, add crystal of 
NH

4
I, & sat with H2S at icc temp. Wash with H2S-sat 6 !. H2S0

4
, 

(2) Dis solvo ppt in I ml cone NH
4

0H & dilute to 10 ml (discard any 
residue). Transfer to a glass still & add VI 10 mg each Te, Sb, 
& Sn. Add 10 ml cone HOI & distill all but 5 mI· ina C1

2 
stream' 

into 5 ml H20 in an ice bath. Add 5 ml cone Hel & tA 10 mg Ge to 
residue in Tlask & Topoat distillation. . , 

(3) To'residue from GcC14 distillation, pass in HCl gas to remove C1 2 , 
add 1 ml sat euel in conc HOI, and distill over 5 ml in an HCI 
stream into 10 ml cone HOI in an icc bath. Add euel-HOI to residuo 
& distill further. 

(4) Pass ~S into distillate & centrifuge out As 2SS' Dissolve in 1 ml 
cone Nfi40H, add", 10 mg Te, Sb, & Sn & repeat ASel

S 
distillation. 

(5 ) Ppt As 28S again, dissolve in 1 ml cone. NH40H, add 10 ml cone. 
Hel, sat with H::>_S, fHto:r, vmsh with H20, EtOH, & ether, dry 10 
min. at 1100 C. -Weigh'as As

2
S

3
(16;4 mg per 10 me; As). 

Remarks": Ta.nk HCl & C1 2 are rather unpleaso.nt & corrosive to work with. 
Procedure is fairly slow. Ge can be separated o.long with the As as 
indicated. 

7/6/49 
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33 ... 3 

CHEMICAL SEPARATIONS 

Element separated: Arsenic Procedure by: Newton 

Target material: Thorium metal (.1-1 gm) Time for se pIn: r.:I2-3 hrs. 

Type of bbdt: 60 1f a's Equipment required: still 

Yield: undetermined 

Degree of purification: 105 to 106 

Procedure: The Th metal is dissal ved in conc HCl + a few drops .2 1.1 solution 
(NH4)2SiFs to clear up black residue. The HCl is diluted to 2~ and 
an allq uot tnken., 

(1) 

(2 ) 

(4) 

(5 ) 

. Add 10 mg Ge + As. l~ke to 15 ml, 6 N in HCl ~ Add crystal of 
NH

4
1 and treat withB2S at ice temp. -Wash with 6 ! H2S04 saturated 

with H2S. 

Dissot ve ppt in 1 ml cone. NH
4

0H. Dilute to 10 mI.· Discard any 
residue. Transfer to glass still and add 10 mg each of Te, 
Sb and Sn carriers. Add 10 ml conc HCl and a crystal of KOlOS' 
Distill all but 5 ml into 5 ml H20 in ice bath. . 

Add 5 ml conc. Hel, 10 ml Ge. and KC10
3 

to remaining solution in 
still and repeat. (Discard). 

To'residue from GeCl
4 

distillation, pass in HCl gas to remove C1
2

• 

Add 1 ml sat. CUCI soln in conc. Hel and distill over 5 ml in 
HCl stream into 10 ml conc Hel in ice bath. 

(6) Add Cuel - HCl and distill again. Pass ~S into distillate and 
ppt As

2S
3

• 

(7) Dissolve in 1 m1 conc NH40H, add 10 mgTe, Sb and Sn a.nd repeat 
distillation, Ppt As 2S3 again, dissolve in I lUI cono. NH40H. . 
Add 10 ml gonc,.H?I, sat H2S. Filter, wash with ~O, EtOH, ·ether •. 
Dry at 110. delgh as As

2
8

3
, . 

Remarks: This method has been described previously (Phys. Rev. 75 17 (1949». 

8/23/49 
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Cm;MICAL SEPARA TI ONS 

Element separated: Selenium 

Targe-b material: As 

Type of bbdt: 190 Uev D+ 

Yield:.> 90% 

34-1 _ 

Procedure by: H. Hopkins ,Jr. 

Time for sepfn: 3/4 hr. 

.Equipment required: centre 
tubes" etc. 

Degree of purification: ~adiochemica11y pure by factor of ~ 100 

Procedure: 

(1) Dissolve As metal in minimum 10 E. HN03 • 

(2) Add 5 mg Se carrier, evap. to near dryness to remove xs RNOS• 

(3) Ma.l~e up to 8 m1with 1 1'1 Hel" add NH
2

0H·HCl until Se starts 
to ppt from hot so In • -

(4) Add 1 mIl! KI, heat 5 min, centrifuge off mixture of Se _ and I 2 • 

(5) Disso 1 va with minimUm fuming HNO
S

' repeat prec ipitation. 

Remarks: In presence of curriers sepnrn tes from all elements bo1ow Se. 

If want to wei~h to check chemical yield do not add KI in step 4. 
This slows down the precipitation conside,rably, so much more time 
must be allmved for complete pptn of the Se.· 

6/27/49 



34-2 

CHEMICAL SEPARATIONS 

Elemont separatod: Selenium ~ Procedure by: Goeckcrmann 

Targ~t mat~rial: ~ 1 g Bi metnl Time for sepln: (I hr. 

Type of bbdt: l8~" all prtrticles Equipmont required: Contri­
fuc:e, and glass' distillation 
flasks, cones, tank S02' 
110° oven, ico, 

Yield: V\ 90% 

Degree of purification: Decontaminntion factor V\104 from fission ~ spallation 
products. 

Advantages: Good yield of pl."!rc So in roI:;·,tively short time. 

Procedure: 

(1) To aliquot o.r I-nJ0
3 

soln of target, add 10 me; Se & Te, 10 ml cono. 
HBr, & 0.5 ml liq BrZ in ~ glass still. Distill in air stream to 
3 ml residue, into 5 ml sat BrZ ~ater in icc bnth. 

(2) Keep at icc temp [;. reduco to So (red) with ~2 or NHZOH·HC1. Add" 
aerosol & centrifuge. 

(3)' Dissolve So in fem drops concIlN03, add 10 ml cone. HCI & reduce 
,"lith S02 in an ioe bath. Centrifuge with aerosol. 

(4 ) Repeat SeBr 4 distillation & Se pptns as of ton as necessary for 
desired pur~ ty. . 

(5) Ppt Se, filter, 'Wnsh three tilOOs with 5 ml H20,. three times with 
5 ml EtOH, t~ree times with 5ml ethor, dry 10 min. at nooc. 
;:.~cigh as Se. 

Remarks: Procedure can be made short enough to catch half-livos (1 hr. 



35-1 

CHEMI CAL SEPARATIONS 

Element separated: Bromino Procedure by: Goeckermann 

Target mnterial: \/II g Bi metal 

Type of bbdt: 184" all particles 

Timo for sepln: 1-2 hrs. 

Eq~ipment required: Cgntri­
fuge, tubes, 110 oven 

Yield: '" 60% 

Degree of purification: Decontamino. tion factor \/"110
4 

from fission &. spalla­
tion products. 

Advantages: Good yicl d of pure Br. 

Procedure: -

(1 ) 

(2 ) 

(3) 

(4) 

To aliquot of lIN0
3 

soln of target,· add 10 mg Br- & r-, make 1 ! in 
HN03 , add a few drops of 0.1 ~ NaNO

Z
• &. extract 1Z into equal vol 

CC14 • 

Add equal vol CCI to aqueous phase &. add 0.1 !i RIm0
4 

dropwise until 
color persists. ~ke five extractions of BrZ• 

Combine C01
4 

layers &. wash with I.!!. HN0
3 

containing Kl\mO. Add 10 
ml H20 &. O.I E ~aHS03dropwise until both layers are coiorlcss •. 
Wash aq layor \'nth CCI

4
• 

Make 1 ! in HN0
3

, add 1.1\10 mg 1-,. warm a few min. to oxidize SO -, 
add few drops 0.1 ~NaN02 & extract I2 fiv0 times with 10 ml ccr4 • 

(5) Repeat Kllro04 oxidatio.n &: Br2 extrn (~ reduction. 

(6) Re pea. t 12 &. Br 2 e::trn cycl es as needed fo r puri ty. 

(7) lhke·lo.st aq soln of Br- 1 ! in IDT03, heo.t, add 2 ml 0.1 !Agl'J0
3

, 
stir, digest fo'w min., ~ilter, wagh thr:.0c times with 5 ml H20, 
EtOH, &. ethGr, dry 10 mln. at 110 C •.. icigh as ACBr(23.5 mg per 10 
mg Br). 

Remo.rks: The bismuth fission work only required three' I -Br2 extrn cycles. 
To prevont possiblo losses of trace Br during dissolving of the bismuth, 
one might dissolve the target "in 6 ! lIN0

3 
wi th the carrie r Br- present in 

a. glass still, and distill BrZ or HBr directly from this soln into H20 
in an icc bath. 

7/6/49 



35-2 

CHEln CA L S EPARf. T IONS . 
Element separated: Brotlinfl Procedure by: Lindner 

Moc.1ified by: ITaUT:1ann 
Time for sepln: 2 hours Target mo.terial: Tantalum 

Type of bbdt: To. + 350 Hev protons Equipment requirod: Sep. 
funnel 

Yield: Vl 40% 

Degree of purification: excellent - factor of ~l04 from fission -und 
spo.llation products. 

Adv::mtnges: Provides for the separation of Br2 from targets requiring HF­
HNOS mixtures for solution of the target. In these cases glass equipment 
is ~mpossible and the method of distillation of tho halogens is imprac­
tical. 

Procodure: 

P-18-111 

(1) 

(2 ) 

(3 ) 

(4 ) 

(5 ) 

Freshly precipitated AgBr (well washed to remove xs Ap/) containing 
10 mgs of bromine as silver bromide is added to i5 mls of 48% HF 
solution contained in a Ius toroid test tube. The to.rget foil is 
placed in solution und conc. HN0

3 
is addod as required for solution 

of tho foil. (Soo (a) under rcmo.rks.) , -

After the target has dissolved th-:: solution is allowed to stand 
for 15 minutes, (Soe (b) under remo.rks.) the supernatnnt target 
solution is removed. the .ll.e;Br washed twice with 10 mls hot water, 
10 mlsof wator is added and the Slurry is saturated with H2S-, 
then centrifuged. 

The supe rna tant solution is boiled to remove H.,S, 10 mgs 1- is 
added, the solution is mado 1 N in HN0

3 
a few ~rops of NaN02 is 

added and the iodine extracted into 10 mls of CC1
4

• (extract a 
total of 5 tinos). 

10 mls of CCI is added to tho a.quoous pha.so and 0.1 M I{]1J!n0
4 

soluti,on 
is added unti1 the Bromine color persists. Extract Br2 5 t~mes 
(total) 

Combine the Br
Z

-CCI4 extruot,wash \"/ith 1 .!! HN0
3 

containing KMn0
4

, 
a.dd 10 mls ~O a.nd 0.1 ! NaHS03 dropwise until both layers are 
colorless. '(Seo (c) under remo.rks.) Thsh aqueous layc r wi th CCI

4
• 

(6) Make I ~ in I-ThT0
3 

a.dd 10 mgs 1-, 'warm for a. fOVI minutes to oxidizo 
the SO:t, add a few droDs of 0.1 M NaNO

Z 
and extract the I Z 5 times 

with Cel • 
4 

(7) Repea.t (4) and (5) o.s neoded (I\. total of 3 times was used 'for 

(8 ) 

purification a.bovo.) ~ 

libke lust aqueous solut ion of Br - 1 N in HNO • hoa. t, a.dd Z mls 
0.1 N il.p;N03 • Stir, digest a few minutes, Wo.~1 three times vdtg 
5 mls HZO, 5 mls C2H50H, 5 mls eth~r. Dry for 10 mins. at 110 C. 



35-2 (pO-ge 2) 

RcI!lll rks: 

(n.) This reaction procoeds rc.pidly and at no time should thore be 
an xs of HN03• Heating is not required and lustcroid tube I!Illy 
be ice cooled if nocessary. 

(b) Procedure depends upon nn equilibration between AgBr and trac'cr 
bromide ion in the target solution. If tho tracer bromine were 
in 0. higher oxidation state this equilibration would be impossible. 
However, since the To. is being dissolved it may be assumed reductivo 
conditions exist and ell the tracer is in the fonn of bromine or 
bromide. 

(0) Unless the solution is kept acid Mn02 will precipitate. The wn02 
preCipitation may also be avoided if the solution is warmed bofore 
permo.nganate addition. 

(d) Stops (3) to (9) arc R~H'.Gocb}ce:c.lTk"\'nn~, procedure for bromine. (35-1) 

(0) 12 might o.lso be sepo.ro. ted by this procedure. 

7/27/49 
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CHEMICAL SEfAM TIONS 
__ 4 

Element separated: Bromine 

Target material: Thorium metal (.1-1 gm) 

Type of bbdt: 60" me-tal' 

Yie ld: tV- 50% 

35-3 

Procedure by: lfewton 

Time for sep In: rJ 1 hr. 

Equipment required: Standard 

Degree of purification: N 10
6 

except from r- (rJ 104 from r-) 

Procedure: The, Th metal is dissolved in cone. HOI + a few drops .2 1\1 solutio:n 
(NH4 )ZSiF to clear up black residue. ;The ,HCl is diluted to 2 ! and 
an nllquo~ taken. Sa~ple added to 15 ml l~ Hl~03!n 50 mlseparatory 
funnel. Add 10 mg Br carrier and 10 rug I carrier. ' 

(1) Add KlI1n04 . (O.IN) dro~ise ~ntil color ~ersists (15 droris). llnke 
5 successlve extractlons wlth CC14 , . Dlscard aqueous. ToGC14 
layer add 10 ml water and 0.1 N NaHS0

3 
until OC1

4 
layer colorless 

on shaking, Discard the 001
4

, ' , 

(2 ) To a'queous add 2 ml HN0
3 

and 10 mg I-, ad~ 
Extract five times with OC14 , Add more I 
with four more portions of C01

4
, 

4' drops of 0.1 M NaN02 • 
and repeat extraction 

(3) Add KlVIn0
4 

to oxidize Br-. Extract 5 times with 001
4

, 

(4) Extract OC1
4 

with NaHS0
3

• Add Ag+ to ppt AgBr. Filter, ~a.sh 
three timeg with 5 ml H20 and three time~ with 5.mlEtOH. 
Dry at 110 • 10 min ,and weigh. 10 mg Br = 23.5 mg AgBr., 

" 

Rennrks: This method has been des,cribed previously (Phys. Rev.,~ 17 (1949)). 

8/23/49 
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37-1 

CHB~,rrCAL SEPARATIONS 

Element separated: Rubidium Procedure by: Goeckermann 

Target material: V", 1 g Bi me tal Time for sep'n: Severnl hrs. 

Type of bbdt: 10·:1,11 all particles Equipment required: Centrifuge, 
tubes. small Pt dish. ice, 
1100 oven 

Yie Id : Rb (./\ 3010 

Degree of purification: Rb looked very clean by a factor of at least 10
3

, 

AdvanGag;es: Supposed to give Rb pure of all elements and separate it from Cs. 

Procedure: 

P-18-63 

(1) To aliquot of IDJ0
3 

soln of target. add 20 mg Rb L Cs & 5 ml conc. 
HCIO. Evap to fuming, cool, transfer to cent tube wi th 15 ml 
absoiute EtOH. Cool in ice bath 10 min. with stirring. Wash ppt 
~vice with 10 ml absolute EtOH. 

(2) Dissolve in dilute HCl & scav wi th Te, Ru, Sn, Sb, c; Ag sulfides 
(2 mg each) by adding HZS~ 

(3) Sca v with N".tI3 pptn of La, Ce, Y. Zr, &. Cb (2 mg each). 

(4) SCllV with Sr ~: Ba ca?"bonates «1: me;) 

(5) Acidify with HCl, repeat (2). 

(6) Repeat (3). 

(7) Scav with La(OH)S' 

(8) Scav"lith Sr &; Ba carbonates (!;. Y, Zr. c1 Cb hydroxides. 

(9) Acidify with HCl, evap to dryness in a Pt dish, destroy rlli4Cl by add­
ing a few drops HNO

S 
and baking carefully (do not overheat or Cs may 

be los t). . 

(10) Dis solve in a miriimum of H20, transfer to a cone &; cent out any 
residue, evap to dryness in the cone. Add 6 ml HzPtC1 6 & 6 ml EtOH, 
wash Rb & Cs chloroplatinates with EtOH. 

(11) Dissolve in Hel & repeat Te sulfide scavenging. 

(12) Repeat NB3 pptn of La (!;. Fe hydroxides. 

(13) Repeat Sr & Ba carbonate scav 

(14) Acidify "!l.th HIiTOS' a(l.d Hel, evap to dryness. bake off ammonium salts 
carefully again. 



(15 ) 

(16 ) 

Pae;e 2 (37-1) 

Cs - Take up residue in 20 ml 6 N HCl, add 1 ml si1ico'tun~stic 
acid soln & digest. (Save this supn. for Rb fraction). 

Rb - Ppt a Cs silicotungstate scav from the supn saved. Evup 
until crystallization begins, add H~PtC16 & EtOH, filter, wash 
with EtOH, dry 10 min. a.t 110°C. Y~eigh as Rb ZPtCI6 .(33.9 mg 
per 10 mg Rb). 

Remarks: Noyes & Bray reconnnend ppting the Rb away from the Cs with sodium 
6-chloro-5-nitrotoluenemetasulfonate, which we now have on hand~ & then 
ppting the Cs silicotungstate. This may give better CS-Rb separation. 
It may be better to ",eigh the Cs as Cs 2PtC1

6 
after purification. . .' 

It has been alleged that 2BiIS·3CSI pptn is specific for Cs. I tried 
the pptn of Rb away from Cs w~th cold sat sodium titartru,te but the 
results were very poor. More Cs silicotungstate pptns with Rb holdback 
present would probably give clean Cs. 

The fuming of HCI0
4 

canre done easily in 40 ml pointed centrifuge cones. 

For Cs'sepln from same target sec (55-1). 

7/12/49 
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37-2 

CHEMICAL SEPARATIONS 

Element scp~rated: Rubidium Procedure by: I~a.rra.ker 

Target material: NH4 Br Time for sap'n: V' 30 min. 

Type 6f bbdt: 40-140.Mev a Equipment required: No special 
. equipment 

Yield: "'" 40% 

Degree of purification: Good, at best a factor of 100 exoept from other 
alkali me tal s. 

( 

Advantages: Fast, easy, and gives almost carrier-free activity. 

Procedure: 

(1) NH
4

Br in porcelnin crucible, add a f9W drops of dil. Hel, then 
heat strongly in hood, using burner, NH4 Br sublimes off, Kr acti­
vities evaporate. Continue heating til! no more solid is visible. 
Wash crucible with Gl: small amount oJ.' dilute HN03 • (For mass 
spectrographic purposes, this is sufficiently pure). 

(2) Add o.bout 1 mg Rb carrier, and scaven6e the solution with few mg 
of Te(OH)3' MgC03 .. AGCl, and any sulfide. This, prnctically 
speaking removes all impurities except alkalis. 

Remarks: It shOUld be noted that no separation is obtained from other 
alkalis. 

P .. 18-73 

- If Rb is not to be used in mass spectrograph, carrie r may be added 
init ially. 



37-3 

CHEmCAL SEPAJATIONS 

Element separated: Rubidium Procedure by: S. Castner 

Parent material: SrClO4- (tracer or Vii th 
50 Jlgmcarrier)in IO M-HC10

4 

Time for sep'n: 20 Min. 

Type of bbdt: Milking experiment Equipment required: 
Std, cones, etc. 

Yield: \1\50% 

" Degree of purif-ication: Less than 2% Sr carried along. 

Procedure: 

(1) Sol 'n is heated in boiling ~O. (Sol'n. volume = 1 ml). 50}l gros 
RbN0

3 
are added. Stir. 

(2) Cool in ice bath and let stand for 5 minutes. - Centrifuge and 
remove supernatant for later milking. (The RbCl04 may be dissolved 
in any solrn if heated). -

(3) Add 250 ~sat. Na2C204 sol'n and heat until just dissolved. 

(4) Add 50 }l- gros Sr++ sol'nand centrifuge the ppt while the.solrn is 
still hot. -' 

(5) - The supernatant containing the Rb is then rell).oved ~ 

Remarks: The majority of the Rb loss is carried away in the Sr scavenge as 
the solrn cools rapidly. The Sr patent soIrn contains onlyapprox. 1% of 
the Rb after the milking. 

7/27/19 
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38-1 

CHEI:lCAL SEPARATIONS 

Element sep~rated: Strontium Procedure by: Goeckerm~nn 

Target rna terial: l/) 1 g Bi metal Time for sep'n: 1-2 hrs. 

Type of bbdt: 181" all particles Equipment required: Centrifuge, 
tubes,. ice, vacuum dessi­
cator 

Yield: 1.1'80% 

Degree of· purification: Decontamination factor ~lo4 from fission & spallation 
products. St decontaminated> 100 from Ba. 

Advantages: Good yield of Be. & Sr, separation from all other elements except 
Ra, very good separation of Sr & Ba -from each other. 

Procedure: 

(1 ) 

(2 ) 

(3 ) 

(4) 

( 5) 

To aliquot of HN0
3 

sol'n of target, add 10 mg. Sr & En, 30 m1 fuming 
Elr0

3
, digest cold 1-2 min. 

Dissolve ppt in 2 ml H20 & reppt with 15 ml fuming HNOs. 

Disso1ve_ppt in 5-10 ml H
2
0. add 5 mr;Fe +3, &. ppt Fe (OH)~ with tank 

NH3 (C0
3 

- freel) Repeat Fe(OH)3 scavo ,:, 

Neutralize supn with 6! EN0
3

, add 1 ml 6 ,g HAc & 2 ml 6 M NH
4
Ac. 

Heat to boiling & add 1 m1 1.5 M Na
2

Cr04 dropwise with stirring. 
Digest one min. ·(Save-the supn-for Sr fra.ction). 

Sr - Ppt 5 mg BaCr0
4 

scav from supn saved from Ba sepn. Add 2 ml 
conc. NH

4
0H, heat, add 5 ml sat (NH4)20X slowly. Stir 2 min, filter, 

wash three times with 5 ml H
2
0, three times with 5 ml EtOH, three 

times with 5 ml ether. dry like BaC1
2

" ·lYeigh as SrC
2

0
4 

oH20(22.1 
mg per 10 mg Sr). 

Remarks:_ Procedure adapted for use when Sr activity much greater then Ba. 
Rn follows the Ba well, can be separated from it by use of a resin 
co1umn~ 

For Eo. sop 'n from same target sec 5.6-2. 

7/12/49 
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38-2 

CHaUCAL SEPARATIONS 

Element separated: Strontium Procedure by: S. Castner 

Target material: RbCl (~30 mg) finely 
divided 

Time for sepln: 35 min without 
column; 1 1/2 hr. with column 

Type of bbdt: 18411 deuterons and protons Equipment required: 1 ml cones, 
pipettes, etc. 

Yield: '" 90% 

Degree of purificati.on: Excellent - V\5% Rb contamination without·.column. 
,2% or less Rb contamination with column. 

Advantages: Quick, may be modified' to giv~ carrier free Sr. 

Procedure: 

(1 ) 

(2 ) 

. . 

Dissolve target in 500" of Na2C204. (3 gms/lOO m1). 
boiling water for 1 min. Stir. 

Heat in 

Add 8r carrie~stir and cool in ice bath centrifuge, withdraw the 
supernatant. (S p gms of 81'++ produce visible ppt) see remarks 1/:1. 

'-

(3) Wash the ppt with Na 2C204 (500 "'.), stirring up and then centrifuging 
and discarding the wasft sol'n. 

(4) Repeat wash 3 times. 

(5) Wash wi th H20 (500 ~) twice (see remarks) #=2. 

(6 ) 

Remarks: 

+ Dissolve the ppt in 100 A ll. OM-HCI0
4 

, Heat. Add Sp. gros Rb , 
stir, cool in ice bath and centrifuge. This gives the Sr practically 
carrier free in 11\100 ~ of sol 'no 

(1) and (2) '?hile 5)l gms of Sr ++ produce a visible ppt as stated when 
wa.shed with 1 ml of ~O, 25% of the ppt will dissolve. 

(3) If carrier free 8r++ is desired, 10~ gms of aa++ 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-:- TheSr+ comes off well after the Rb+. (Flow rate of 

7/27/49 
P-18-7·E 

~ 1 drop/2.5 min.) 

SrC0
3 

carries Rb .. 'dth it in large quanti ties. 



38-3 

CHEMIC.AL SEPARA. TrONS 

Element sepurated: Strontium Procedure by: Folgor & Hicks 

Turget muterio.l: N 4 g U me·bo.l Time for sep'n: 1-2 hrs. 

Type of bbdt: 184" 0.11 high energy 
po.rticlcs 

Equipmeht required: Centri­
fuge, tubes, ice, vo.cuum 
dosicco.tor 

Yield: N 80% 

Degree of purificu·bion: Dccont..'1mino.tion fo.ctor "'-i04 from fission und 
spo.llution products. Sr doconto.minuted> 100 from Ea.. 

! 

Advo.nto.ges: Good yield of Bo. & Sr, separation from 0.11 other clements 
except RD., very good scpo.ro.tion of Sr & Eo. from ouch athol', o.nd Sr 
from RD. (v"hich follows Bo.). 

Procedure: 

(1 ) 

(2 ) 

(3) 

(5 ) 

(6) 

To nliquot of HN03 soln of target ~~nto.ining 10 mg oo.ch Sr & Bo., 
und reduced in volume to rv 1.5 ml~712-13 ml fuming HN03 , digest 
cold 5 min. 

Dissolve ppt in I ml H20 & rcppt with ~ 13 ml fuming RN0
3

, 

Dissolve ppt in 5 ml H20, udd 2 mgFc+
3 , und ppt !c(OH)3 with to.nk 

NH
3

(C0
3
= freen Repec..t Fe(OH)3 sco.v. (1 mg. Fo+ ). 

Ncutro.lizo supn li{ith conc. mWg 
6 M HAc & 2 ml 6 M NHi.l.c. Hoo.t 
dropwise with stirring. Digest 
fro.ction) • 

to me thyl oro.ngo end point ,o.dd I ml 
to boiling & o.dd I ml 1.5 ~ N0.2Cr0

4 one min. (Suve tho supn for Sr 

Ppt 5 mg Bo.Cr0
4 

SCo.v from supn so.ved from Bo. se pn. hdd 2 ml 
conc. NH

4
0H, heo.t, o.nd ppt SrCO

S 
by o.dding so.td No. 2C0

3
• Digest 2 

min, cen-crifuge o.nd dissolve in 6 ! HCI (minimum). Boil out CO2 , 

Nnkebo.sio with ~ nnd ndd sutd No.2C20. Stir 2 min (hot), 
cool, filter, wc..sh three times with 5 mi H20. throe timos with 
5 ml E~OH, three times with 5 ml ether, dry like BlC1

2
• Weigh o.s 

SrC
2

0
4

,H
2

0 (22.1 mg pOl' 10 mg Sr). . 

Renurks: Procedure o.do.ptod for usc whon Sr ucti vity much grea.ter tha.n Ba.. 
Rn follows tho Eo. woll, co.n be sepo.ro.ted from it by usc of 0. rosin column. 
Sec lI.ECD 1998 (Edwurd R. Tompkins) 

For Bu sep'n from sumo turget see 56-1. 

In step (4) c'.dd 1 drop Mo-orango to the solin bofore neutralizution sturts ~ 

8/12/49 
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aIEMICAL SEPARATIONS .. - ... ---,:--... ---
Element separated: Strontium 

Target material: Au foil~ about 1 g 

Type of bbdt: Full energy protons, helium 
ions, or deuterons 

Yield: Sr 50% 

38-4 

Procedure by: Lippmann end 
Gocckermann 

Time for septn:. 1 hr. for 
Sr 

Equipment required: Icc bath ' 
and hot water bath 

Degree of purificati2n: Good - about 105 from Au and" spallation products 
, ' and at least 10 from fission products. . 

Advantages: Sr, Pe. and tb can all be separated from the same target material. 

Procedure: i. 

Dissolve target in hot solution containing 10 mg each of Sr, :at, and 
Mo, 5 ml of 12 ! HCl and 5 ml of fuming RN03• Cool solution in ice 
bath and slowly add about 30 mlfuming ID~03' Sr(N03 )2 and Ba(N03 )2 
precipitate. Centrifuge. . 

" 

Dissolve precipitate in 5 ml ~O, add 5 mg Fe IH , warm in hot wator 
bath, and Pflripitate Fe (OH)3 with 6 M 1lH40H. Centrifuge. If desired 
add more Fe and centrifuge out Fe(iDH)3 again. Neutralize supernatant 
with n few drops. of 6 ! HC2H302 , heat to bOiling, a.nd add 2 ml of 1.5 M 
Na2Cr?4 dro?vis~. Digest Bacr04 precipitate in hot wator bath and 
centrlfuge. 

Heat superna~ent from first Bacr04 precipitation to boiling, add 1 ml 
of Eo. carrier dropwisc, digest in hot water bath, and centrifuge. To 
supernatent add 2 ml of 15 ,g NII

4
0H (color of solution should just 

change from orunge to yellow), neat to boiling, add 5 ml saturated 
(NH4)2CZ04 dropwise, digest in hot vlater bath, cool, filter, wash 
three t~mes with 5 mlH20, throe times with 5 ml alcohol, and three 
times with 5 ml ether. Dry in a vacuum desiccator by pumping 2 minutes, 
letting in air..I and then pum:)ing for 5 more ·enutes. Wcigh as SrC2040Hz0. 

Remarks: 

All additions of fuming or concentrated HN0
3 

should be made cautiously: 
they tend to rcact violently after a short ~nduction period. 

8/12/49 
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38-5 

CHEMIC1.L SEP.~R'i.TIO:NS 

Element sepa~ated: Strontium Procedure by: Newton 

Target material: Thorium metal (.1-1 gm) 

Typo of bbdt: 60" alphas 

Time for sep'n: 1 hr. 

Equipment required: Standard 

Yield: 75% on Sr 

Degree of purification: 6 10 other F.P. 

~dvnntages: Ba and Sr can be taken out in same procedure. 

Procedure: The Th metal is dissolved in conc HCl plus a few drops of 
.. 2 M (NH1)2SiF6 to clea~ up the blackresiduo. The HCI is diluted 
to 2 ! and an a,liquot taken. 

(1) J.'\dd 20· mg ea.ch En and Sr carrie rand 30 ml fuming ni tric ac id. 
Cool l-Z minutes with stirting and centrifugo. (If S04- present 
add H2S0l1 to PP.t BaSO~. Wash with 10 ml ~O.· Motathesize l"lith 
50% K;CO; by boiling 1) min •. Centrifuge, wash wi th wa ter. Dissolve 
ppt in 1 N row3 ~ Discard residue. Thcn~ke fuming nitric acid 
pptn. ) -

(2) Dissolve ppt.in 2 ml H
2
0. Re-precipitate with 15 ml fuming ID'1OS • 

(3 ) 

(4) 

(5 ) 

Remarks: 

. • +++ ( ) Dissoh?0 ppt in 5 to 10 ml Hz0. ];,dd 5 mg Fe , ppt Fe OH 3 
by adding Z'ml carbonate free 6 M NH40H or :fUss in NHs gas to 
ppt FO(OH)3e Centrifuge. 

Neutralize supernate with 6 !. RNOS • Add 1 ml 6 .M Hil.c, Z ml 6 oM 
NH/i1'i.C. 'Heat sclution to nearly boiling. J.dd I ml of 1~5 ! NaZCr01 
dropwise v,rith stirring. Let stand 1 min. Centrifugo~ Reserve 
supernate for Sr~ 

To cloar supernnte add 2 ml conc liH
I1

OH. Heat nearly to boiling. 
Add 5 mlsaturuted armnonium oxalntc"'slowly with stirring. Stir 
1-2 min., fi 1 ter vvi th suction. into ::i. weighed fil tar paper. Wash 
three times with 5 ml.dil hot IIJH,10H, threc times with 5 ml 95% 
EtOH, three times with 5 ml EtZO: Dry by vacuum Z min, rolcase, 
5 min •• Weigh as SrC

2
0
4

.Hz0. 
, 

This procedure has boen describcd previously (Phys. Rev. 75 17 
(19.49» • 

For separation of En from this procedure seo (56-7). 

Preparation of carrier solution: Dissolve Z'~.l gms of Sr(N03 )z in 
wa terOiiCfdIlute -to-r Ii ter. 

Standardiza.tion: Take 5 !ill carrier add 30 ml HZO. .i.dd.5 ml saturatod 
oxalic acid and heat nearly to boiling. .'i.dd 2 ml conc NHI'.0H dropwise with 
stirring. Lot stand 10 minutes, cool in tap water. FiltOr into a sintered 
glass crucible ~ ~:fash S times with hot wa tor contnining a slight amount 
of NH40H; three time s with 95% EtOH and thre e times with 5 ml portions Et20. 
Evacuato'in vae desiccator for 2 min.,relense vnc and evacuate five minutes 
longer and weigh as SrCZ01! .I-Iz0. Repeat evncuations until 'weight constant to 
0.2 mg. ~ P-18-Z81 
8/23/49 



·39-1 

CHElliICAL SEPARll.T10NS 

Element sepamted: yttrium (Y-grow' rare earths) Procedure by: Gocckormn.nn 

Target material: V\ 1 r. Bi metal Time for sepln: ~2 hrs. 

Type 0 f bbdt: 184" all partic les Equipment required: Centri­
fuge, tubes, ice, vacuum 
dess icator, tank S02 &. 
NR3 

Yield: V\ 70% 

Degree of purification: llicontamination' factor V) 10
4 

from non-RE fiss ion & 
spallation products,. Y-group separation from La-group probably fair. 

Advantages: Designed to separate a lot ofY activity from a hot target which 
has Ii tt1e rare earth activi ty, as pecially Y-group RE. 

Procedure: 

(1 ) 

(2 ) 

, 
To aliquot of HNO soln of target, add 10 mg Y, L~, ee, &. Zr, 
make 2 N in HCl, ~ add 2 ml conc. UF. Wash ppt with 10 ml 1 N 
HCl containing HF. 

Dissol ve in 1 ml sat H3BO & 8 ml cone riN03 • Add 0.2 g KBr03 
3 . (' &. 20 ml 0.35 ~ HI03 , dlgest 3 min in ice bath. Cent Ce 10314 , 

(3) Add second portion KBr0
3 

to supn, 10 mg Ce & Zr. diGest 5 min in 
ice bath. 

(4) Add 9 ml 19 H NnOH to supn. rrash ppt with H
2
0, 

(5) Dissolve ppt in 1 ml cone HCl._dil to 8 ml, reduce with S02' Ppt 
hydroxides with NH3 & ",ash vii th slightly alkaline H

2
0. 

(6) Dissolve in HCl <'1: scavwith Bi
2

S
3 

twice. 

(7). Boil out HZS"make 2! in H+ & add 2 ml conc. HF. Wash vlith H
2

0. 

(8 ) 

(9 ) 

(10) 

Metathes ize with pellet NaOH in a little H
2

0 &. Vlash hydroxide 
ppt (watch out for peptizationl) Dissolve in HCl &. e'Vap to dryness. 
Add 3 ml 50% K2C03 &, heat to dissolve ppt. Add 20 ml H ° &. heat 
until gelatinous ppt becomes crystalline (occurs sUddenfy after 
long heuting), then 2 min longer. Cent La-group ppt. 

Acidify supn with HCI, ppt Y(OH)3' with NH , &, wash twice with H20. 
(M1Y repeat Lo.-group separation). 3 

Dissoiv0 Y(OH!3 in I mI. S .~ H~l, add 15 ~1 H20, boil,. add 15 ml 
sat 1L:,C20

4
, dlgcst 10 mln ln lce bath, £11 tel', wash W1 th 3 ml 

H
2

0, three times with 5 ml EtOH, three times with 5 ml ether, dry 
. in vacuum dcssicator -- 2 min. evac, release, 2 min evac, release, 

Z min evac. l70igh as Y2(CZ04)3·l0H20 (35.0 mg per 10 mg y). 

P-18-50 



Remarks: Sometimes no separation from Ce or Ll-group activities was made 
in the bismuthfiss ion work. Ren 1 separations of Y and the. lunthanides 
can be done wi-t:;h resin columns. 

7/12/49 
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39-2 

CHEnrrCAL SEPARATIONS 

Element sepa rated: yttrium Procedure .by: Lindner 

Target material: Sb (N.5 gm metal) Time for sep 'n: (\,) 2 hOur 

Type of bbdt: 184" D2 Q a Equipment required: 
Lusteroid tubes, centrifuge, 
cones 

Yield: N 95% 

Degree of purification: At least factor of 100 

Procedure: 

(1) To dissolve the Sb metal, add 15 drops of 27 N HF to it in a 
Iusteroid tube in a hot '\Ivater bath. Add conc 'ENoS dropwise until 
dissolved (N 10 min). Dilute to .-...J 20 ml. 

(Z) To the SbF
4

- solution add ZO 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 AgCI ppts. 

(3 ) 

(4) 

(5 ) 

Wash the ppt with I N HF. -
+ Dissolve out the Ag from the ppt by adding I ml cone. NH

4
0H. 

Centrifuge. 

Dissolve the YF
3 

in 0.5 mlsat H3BO~, 1.0 ml cone HN0
3

" on a 
hot water bath. Add 5 ml 6 N NaOH and centrifuge. 

, -. 
(6) Hash the Y(OR)3 ppt with a1kal ine sol 'n and dis sol ve in on~+~rop 

conc. Hel. Dilute to 20 mI. Add 1 gm NH4Ac. Add 2 mg In 
soln. Saturate with HzS and centrifuge. Discard the In

2
S

3 
ppt. 

(7) Boil the supn to expel HZS. Add 3 drops 27 N HF. 

(8) Dissolve the YF3 ppt in H3BOS-HN03 and ppt Y(OH)3 as in (5). 
Make to ZO ml in 2 N HCI. 

(9) Add 2 mg SbCI
3 

carrier to solIn. Saturate hot with H2S. Centrifuge. 

(10) Discard the Sb
2

S
3 

ppt. Repeat the fluoride cycle (7) & (8). 

(11) Dilute aliquot to 10 mI. Boil and add 5 ml sat HZCZ04• Centrifuge 
out the Y2(C204)3.10H20 ppt. 

(12 ) Wash with 3 mI H
2
0, then 5 mI EtOH, 3 times with ether. Dry in 

desiccator under vacuum. Weigh as YZ(CZ04)3010H20 (35.0 mg per 
10 mg Y). 

13/18/49 
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39-3 

CHEMICAL SEPARATIONS 

Elemen t separated: Yttri urn Procedure by: S. V. Cnstner ---.-
TUrget material: SrC0

3 

Type of bbdt\ Protons 184 11 

Time for sep'n: 20 min. 

Equipment required: Centrifuge, 
cones, hot Via tor bath 

Yield: 100% by radioo.ctivity (see romnrks), 

DcgrGo of 'purifi cut ion: < 1% Sr carried with i, 

Advantages: Crystalline ppt which is easier to centrifuge and/or filter 
'than usual hydroxide curds 

Procedure: 

(1) Dissolve Sre03 in YClg so In containing H+sufficient to dissolve 
the carbonate (1/3 mg/'ml ofyG13 & H+ = ',025 lIT). ' 

(2) Add 1,12 vol of soln made as follows: 0.17 mg P-l-~ (8 hydroxy 
, ~~/ 

(3 ) 

Remarks: 

(1 ) 

(2) 

(3) 

,(4 ) 

8/16/49 
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N OR 

quinoline) dissolved in 12.5 ml of acetone diluted to 50 ml with 
H20. (turns yellow due to acidity of distilled H20). Stir. 

Add oono NH
4

0H dropvlise until odor of NH3 oan be detected above 
soln. -

Place in boiling water bath for 10 minutes~ centrifuge. yttrium 
will ppt as very finely divided grayish green orysto.ls,Sr remains 
in soln. In chemical yield run,> 99% Sr recovered after yttrium 
was ppt., Y ppt mc.y be dis sol ved in H+ or H+ + acetone, 

On 0. seoond ppt of Y from Sr bombardment by above method no 
acti vi ty « 30 e/m above bagkground) Wo.s detected in Y frr.c tion. 
1nitio.l Y fraction had> 10 c/m in loss than 1% of the fraction. 

All Y'rare earths carry withy • 

No expt -tried to see' if l:lnth:1nurn rare earths carry or not-, 

After the yttrium has been coagulated and centrifuged the soln, 
being basic, is colorless and olear. Filtering through dense 
filter paper on 0. Hir'soh funnel will also remove all ppt. 



CHEMICAL SEPARATIONS 

Element separated: Zirconium 

Target ma tcrial: V"\ 1 g Bi metal 

Type of bbdt: 184" all particlcs 

Yield: V"'\ 60% 

40-1 

Procodure b7: GoeckorIlll1nn 

Time for scpfn: 1-2 hrs. 

Equipment rcquired: Contrifuge, 
tubes, lustcroid cones. ice, 
small porcelain cruciblo. 

Dcerce of purification: Decontamination factor~ 10
4 

from fission and 
spallation products (no Th e:, negligibl'c !if nctivity present). . 

Advantages: Good yield of pure Zr. if noHf activity prcscnt. 

Proccdure: 

(1) To aliquot of, HN0
3 

soln of target,: add 10 mg Zr, make sample up 
. to V\ 5 ml of 5 ! r-llW

3 
in a lustcroid cone. Add 2 ml cone. HF 

& 10 mg La. Repeat LaF
3 

pptn. 

(2) Add 50 mg Eo. to supn. Wash BnZrF6 ppt. 

(3) . Dissolve ppt in 2 ~. 5% H3B03' add ,1 ml conc. HN0 3 & 5 ml H20, 
repeat Le.F3 pptn tVlJ.ce (as in (1) nnd (2)). 

(4) Rc;:.'eat BnZrF6 pptn. 

(5) Dissolve with 2 ml H3B03' 2 nil conc. HCI, & 5 ml H20. Add 1 drop 
cone HzS04 & cent out BUS04 , 

(6), Dil supn- to 20 m1 & add 2 ml 6% oupferron in ico bath, filter, wash 
with cold 1 N' HCl containing cupfcrron, ignite in a porcelain 
crucible. V:Cigh as Zr02 (13.5 mg per 10 mg Zr). 

Remarks: This procedure probc.bly effects no separat'ion from Hf. Th I donft 
kno'w about. Zr can '.:)0 separated from Hf by the usc of TTA or anion 

. oxchange resins. 

7/6/49 
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40 ... 2 

CHEMICAL SEPARATIONS 

Element separated: Zirconium Prooedure by: Newton 

Target material: Thorium metal (.1-1 gm) 

Type of bbdt: 60" ·alphas 

Time for sepln: 1-2 hrs. 

Equipment required: Standar~ 

Yield:. N 60% 

Prooedure: The Th me~~l is dissolved in cone Hel plus a few drops of .2 'M 
(NH4)2SiF6to clear up the black residue. The HCl is diluted to 2 N­
and an allquot taken. 

(1) Use a lusteroid tube, add HNOS to make 5 ml of soln ~ to 5 molar 
in RNO • Add 20 mg Zr car.rier, 2.ml cone HF and mix well. 
Centriruge off ThF4 • 

(2) .Add 10 me:: La. +++ carrier. Mix well and centrifuge. 
.++ . Add a second 

Decant. 

(3 ) 

(4 ) 

(5 ) 

(6 ) 

10 mg La and centrifuge dovm on top of 1st ppt. 

++ Add 50 rug Ba to supn. Mix and let stand 1 min. Centrifuge. 

Dissol ve ppt by adding 2 ml 5% HSBOs and stirrin~+ Add 1 ml cono 
ENOS and 5 ml H20. Add 2 ml 27N HF and 50 mg Ba • Stir until 
ppt forms and let stand 1 minute longer. 

Rapes. t (4). 

Dissolve with 2 ml H
Z

B0
3

, 2 ml cone Hel and 5 ml H20. 
cone H2S04 and centrlfuge off aas04~ 

Add 1 dro p 

(7) Transfer supernato. Dilute to 20 ml and ppt Zr at ice temp with 
2 nil 6% cupferron reagent. Centrifuge. Wash pptwith 1 ml cold 
Hel containing a few drops of oupferron. Filter at once. 

(8) Ignite ppt to Zr02 in porcelain crucible. Heigh. 

ReDB.rks: 'lhis procedure has been described previously. (Phys. Rev. ~ 17(1949». 

Preparation of carrier solutions: Dissolve 29.40 gms ZrO(NOs ) .2~O 
in water, adding a few drops of HNO

S 
if necessary to clari.fy the sotution. 

Dilute to 1 liter. 

Standardization: Take 5 ml carrier. Wake 2 M in HCI and cool in 
ice bath' to-ioC C. Add a slight excess of 6% cupferr6n solution. Filter 
and ignite in a. porcelain cruoible with care to prevent splattering of 
oils distilled from cupferron. Final ignition temper a ture 6000 C. Weigh 
as Zr0

2
• (6% cupferron solution:' 6 gms cupferron and pinch of (NH4)2COS 

in 100 ml.Hz0' Solution slowly decomposes.) 

.. 
8/23/49 
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41-1 

CHEMICAL SEPAL?ATIONS 

Element separated: Columbium Procedure by: Goeckermann 

Target material: i.I\ 1 g Bi metal Time for sep 'n: Vl 2 hrs. 

Type of bbdt: 184" all purticlos Equipment required: Centrifuge, 
tubes, icc, lustoroid cones, 
crucible 

Yiold: approx. 50% 

Degree of purification: 
tion produc ts • 

, 3 
Dccont..'\minntion factor >'10 from fission & spo.l1n-

~dvantn5cs: Fnir yield ot pure Cb 

Procedure: 

1. 

2. 

s. 

4. 

5. 

6. 

Remarks: 

Add oqUAl volume of concentrated HN05 to aliquot of HN0
3 

soin of 
targot, 1 ml 6N HCl, 1 ml saturated H2C20 A • 20 me Cb, and 10 mg 
Zr. Heat and add 0.5 G KErO s in small po·fti0.ns. Digost 5 min. 
and centrifuge· Cb205 • Hash precipitate hot with 3 ml 6,! HNO

S
' 

2 ml 6 ! NH1 0H, and S ml HzO. 
Dissolve in 1-2 ml saturated. II

Z
C

Z
0

4 
+ 10 drops 6 N Hel. Mnke up 

to 20 ml of 6N HC1, 0.05M H2SOS' and add 10 ml CHC1. Cool in 
icc buth, add 2 tll fresh 6% cupferron and shake welt Extract 
0. second time VI ith more CRCI

B 
and cupfcrron. Wash CHCI

S 
vii th 

20 ml cold 6! HCl and 0.05~ nzS03 containing tlore cupferron. 

Boil with '10 ml conccntrc.ted HNOS' adding KBrO until CHCl3 is gone, 
solution is palo yellow und Cb20S has precipit~ted, 

Transfer to lusteroid with dil. RNOS' Dissolve by adding 1 ml 
concentrated HF. i).dd 2 ml 6! HN03 , 10 mg Zr, and 5 ml IIz0' Add 
50 mg Ba dropwiso and centrifuge BnZrFSo 

Add 6 nl concontrated NH
4

0H to supernatant (to pH 8-10). Centrifuge 
Cb205 , a.nd wash with 3 mI SE. ~4?H, 1 ml 6! HU03 , and 5 ml ~O. Use· 
0. second wo.sh to transfer prec~p~tate back to glass. 

Dissolve hot 'in 2 ml saturated HzC20.1 plus 10 drops 6!.HNOS • Add 
:3 ml H20, 5 ml concentra.ted IlliTOs' heo.:e, add 0.5 g KErOS slowly. 
digest 5 min., centrifuge, Stir precipitate up with S ml 6! HNOS' 
2 ml 6! liH~OH, o.nd 5 ml H20, heat, filter, ignite in n crucible 
15 min. Heigh as Cb

2
0

5 
(14.30 mg per 10 mg Cb). 

The extrn is supposed to sepn.rate Cb from Zr, Te, & Mo. 

The c:xtrn sepo.ratiol1 vms substituted for hoavy metc.l 
sulfide ,scc-v.to remove To and IVLe. The extrn procedure can possibly be 
combined with carrying of the Cb tracer on r~02 pptd from 10 ! liN03 
for n carrier free procedure. 

7/29/19 
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42-1 

CHEMICAL SEPARATIONS 

Element separated: Molybdc~ 

Target material: V1 I g Bi metal 

Procedure by: Goeckerrnnnn 

Time for sop In: V'I 1 hr. 

Type of bbdt: 184" ['.11 pc..rticles Equipment required: Centrifuge, 
tubes, ioe, 110

0 
oven 

Yield: cpprox. 50-80% 

Dc gree of purification: 
lation products. 

4 
Decontamination factor> 10 from fission and spnl-

Advnnta.ges: Good yiel d of pure Mo 

Procedure: 

1. .Add 10I!l.g 1'50 ~.nd concen~ra. ted HCl to aliquot of I-mOS soln of mrget, 
destroy Hl'WS' p.1a.ke up to .5 ml 6,! HCI, add one drop Br 2 Via. ter, 
extract twice with 15 ml ether.' Combine ethor layers and vlnsh 
twice with 2 ml 6N HC1. Evnporote ether over 5 ml H

2
0. 

2. Boil out ether, dilute to 20 ml, add 5 mg Fe+ 3 c.nd prccipitute with 

l~~ 

3. Add 6 ml concentruted HNO
S 

and 1 ml saturated H
2

C
2

0
4 

to supernatant, 
cool, add 5 ml 2% solution of a-benzoin oxime in ulcohol, digest 

<1. 

5. 

2 min., a.dd ncr-osol nnd centrifuge 5 min. (If the M:> oxime docs 
not settle well, dilute the solution with C

2
H

5
0H). W~sh tvdce with 

20 ml IE: HN03 • 

Add 2 ml concentra.ted HHO . and 1 ml concontrnted HClO~ o.nd boil 3 
co.refully to fuming. Coot dilute to 15 ml with H

2
0, ""add 5 mg Fc + 

and preoipitnte with NH
3 

• 

. ;'.dd 1 drop methyl ornnge to superna ta.nt o.nd ma k:c jus t nc id with 6N 
H2SO t. • Buffa r wi th 1 ml 10% CH

3
COONo., bo il, ndd 10 drops I! AgN0

3
, 

cool"'s10w1y with stirring, filter, wash fivctimes .. 11th 5 ml 0.03 
!lllgNO~, three times with 5 ml C2H

S
OH, dry 15 min. o.t 110

0 
C. 

Weigh Cls Ag
2

Mo0
4

. (39.16 mg per 10 mg Mo). 

Rernnrks: More cycles of ether cxtrc.ction and oxime prccipi to. tion mo.y be 
t'.ddcd if needed for purl ty. . Me oxime cem be di ss01 vod completely by 
6N NnOH & ropptd by ncidifying & ndding more a-benzoin oxime. 

7/29/49 
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CHEMICAL SEPARATIONS 

Elemen t separated: ,Melybden_':..m.._ 

Target material: Au foil, about 1 g 

Yield: 65% 

42-2 

Procedure by: Lippmann o.nd 
Goeckormo.nn 

Time for sop'n: 2 hr. ' 

Equipment required: Ico bath 
and hot water bath. 

Degree of purif'ico.ti2n: Good - about 10
5 

from Au and spallation products 
and at loast 10 from fission products. 

Advantages: Sr; Ba and Me can ull be scpo.ro. ted from the same target material. 

Procedure: Dissolve target in hot solution containing 10 mg each of Sr', 
Ea, and 1.10, 5 ml of 12 !:~ HCI and 5 ml of fuming HN03 • Cool solution 
in ico bath a.nd s.low:..y add abou t 30 ml fuming HN0

3
• Sr (N03 )2 and 

Ba(N03 )2 precipitate. Centrifuge. 

Heat suparna'tcnt from precipitation of Sr(rW)2 and Ba(N03 )2 in water 
bath to destroy HCl. Cool in ice bath and srowly add K Fe (CN)6 solution 
until no 'further precipita.te appears. Centrifuge~ Was~ precipitate 
with 10 ml of 6 ! HN0

3 
containing a few drops of K4Fe(CN)s solution and 

centrifuge again. Dissolvo precipitate in 10 m~ of 6 ! Hel with heating, 
dilute to 30 ml with 0.1coh01, cool in icc bath, and add 5 ml of 2% ' 
solution of a-bcnzoinoxime in alcohol. Centrifuge. Wash precipitate 
with 10 ml o.lcohol and oentrifuge again. Dissolve precipitate by 
slowly adding 4 ml of 161!HN0

3
i heating gently in hot water bath when 

reaction slows down. VVhen all of precipito.te has dissolved add 1 ml 
concentro.ted HC10

4 
and heat cautieusly over a flo.me until thick, white 

fumes havo l~~e orf for several minutes. Dilute to 15 ml with ~O, 
add 5 mg Fe ,warm in water bath, precipitate Fe (OH)3 ~ith 15 ! NH40H' 
and centrifuge. To the supernatent add a drop of methyl orange, make 
jus t ac id with 6 ~ B2S0 , buffo r VI ith 1 ml of 1 M NaC2H

3
0

2
, hea t to 

boiling, add 10 drops o~ 1 M AgN0
3

, digest in hot water bath, cool, 
filter, wash five times with 5 ml of ~O containing a. fowdrops of 
AgN0

3
, five tirros with 5 ml alcohol, dry 15 minutes at 110°C. Wc'igh 

as AgMo0
4

• 

Remarks: 

In ordor to destroy tho 1\10 a-bo'nzoinoximo tho solution must be heated 
until white fumes have boiled off for several minutes. If all of the 
a-benzoin oxime is not dcstroyed~ Mo a-benzoin oximo will reprccipi ta te 
when the solution is made basic. 

All additions of fuming or concentrated HNO
S 

should be made cautiously: 
thoy tend to renct violently after a short ~nduction period. 

8/12/49 
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CHEMICAL SEPARAT I01~S 

Element separated: lblybdenum Procedure 'qy: Newton 

Target material: Thorium metal (.1-1 gm) Time for s ep tn: N 3 hrs. 

Type of bbdt: 60" als Equipme nt required: Standard 

Yie ld: N 60% 

Degree of purification: tV 105_106 

Advantages: ~e Th metal is dissolved in cono HCI +. a'-.few drops .2 M solution 
(NH4)2SiFs to clear up black residue. The HCl is diluted to 2 Nand 
an allquot taken. 

(1 ) Add 10 mg Mo to sample in HCL Add Br to oxidize Mo. ),hke 
6 N HCl. Extract three times with dou~le volume ether. Combine 
ether layers. Wash twice with 2 ml 6 N HCl~ Eval:Jora-b3 ether 
over water. (Way repeat Et20 extraction after Fe (OH)S scavenging. 

(2) To evaporated solution add 5 ml6 N EN0
3

, 1 ml sat ~C204,(corrplex 
Cb ), ppt by stirring with 5 ml 2% (t-benzo in oxime. (ppts Mo, Cb 
&: Pd). Let stand 2 min., wash wi th 20 mIl.!! lIN03• 

(3) Add" 2 ml ooncHN03 &: 1 ~~ 70% HCI04 • Heat to fuming, cool, add 
20 ml H20. Add 5 mg Fe &: 2 ml conc NH40H. To supernate add 
6 ml oonc ENOS &: re-ppt with 5 ml a-b-o. wash. Repeat pptn of, 
Fe for higher purity. 

(4) Dissolve in 2 m1 oono HNOS &: 1 ml 70% HCI04 &: heat to fuming. 
Dilute to 30 ml, add 1 drop methyl orange. make just alkaline 
wi th 0.5 to 1 ml 6 ! NH4, OH. Make just acid with 6 ! Hz SO!! .' Burfer 
with 2 ml 10% NaAo, boiI, add-O.5 ml 1 M AgN0S" Cool witFi stirring. 
Filter, wash 7 times with 5 ~ 0.03nAgNO , th~e times with 5 ml 
95% EtCH. Dry 15 min at 110. Cool in ~esiocator. Weigh as Ag ZMb04 • 

Remarks: This method has been previously described in (Phys. Rev. 75 17 (1949». 
, -

Mo oxime can be dissolved completely by NaOH (SN) and repptd by adding 
acid and more ~b-o" 

Stook solution of oarrier - 18.4 g (NH4 }S Mo 7024 .4H20 in 1 1 itor H20. 

To standardize carrier: Put 5 ml carrier in 250 ml beaker. Add 150 ml 
H20rnethyl orAnge, several drops 6 N NH40H to alkaline, just aoid with 
6 !H?S04. Add 1 gm NaAc;. boil, add 2.5 ml 1 N AgNOs ' stir. Cool sl~tly 
to 250 C. Filter on tared aintered glass filter. Wash and weigh as 
mentioned before~ 

10 mg Mo = 39.15 mg Ag
2

Mo04 (M.Vr. 375.71) 

'8/23/49 

P-iS-288 



42-4 

CHEMICAL SEPARATIONS 

Element separated: rSolybdenum 

Target material: rJ 4 g U retal ' 

Procedure by: Folger 

Time for sep'n: N 2 hrs. 

Type of bbdt: 184t1 all high energy particles 

Yield: Approx. 50~80% 

Equipment required: 
wide-mouth cylindrical sep. 
funnels, stirring motor 
and glass stirring rods l 

ice bath, centrifuge and 
cones 

Degree of purification: nJ 104 from all F.P. activities 

Advantages: Gives,pure No in good yield 

Procedure: To nliquot of sample in solutio~: 

(1 ) 

(2 ) 

(3 ) 

(4 ) 

Add 10 mg Me and COllcen tra teq. HCI, des troy lINO
S 

~ l.ffak e up to 5 ml 
6 }2.CiCl, add one drop Br2 water, extract twice with 15 ml ether 
allowing N 5 min equilibration. Combine ether layers and wash 
twice with 2 ml 6 N HCI" Evaporate ether over 5 ml H

2
0. 

+3 Boil out ether, dilute to 10 ml, add 2 mg Fe and 2 reg Cb(as 
OXDlate) and precipitate with 1m

3
, 

M3.ke supernatant 0 0 5 E. in HCI ·and add 1 ml saturated :F!2C204' cool~ 
Add 3 Ir,l 2% solution of a.-benzoin oxime i:1. alcohol, digest 2 min. 
b ice 1):;.t.h, ~dd aer0801 a~,.d cC!J.J;;r:i.fuge 5 mLl. (If .the W.o oxime 
d(;~S no~ settle well, dilute the so:i..uti0n with C2HSOIi). Wash 
t>,.;J.~e W~ th rv .2 ml O. S ! ~S04' 
Add 2 rol concentrated HNO~ and 1 ml ooncentrated HCl0

4 
and boil 

ca:r2fully tof'Jrning. Co():I~ dilute to 10 ml with H
2
u, add 2 reg 

Fe"t" , and pi'ecip~-!:'ate with 6 ! NaOH. 

(S) Repeat (3) by making b~5 .N in H2S04 instead of HCl. Repeat (4). 

(6) . Add I drop methyl orange to supernatant and make just acid with 

Remarks: 

6 .!::. H2S04 • Bu:l:'i'er-with 1 m1 10% CH
3
COONa, boil .• add 10 drops 1 !:! 

AghJ.,., C':;O 1 IS 1.:':\'.1 ly 'N:~_ tll s tiJ:·r5.ng ~ f:t.1 t03.r, we.f:h five times with 
5 ,,-,°0 0'·' 11.A -'-'.C' ·'-1..· ... ~0 "-I '''A~ .,,'"+h c:: TI'l .'" ;..r (''q' CV'y IS ml' n t JJ:,.. o..J . ~~~\I i3 J :.I~ .... \ ... : \'1, . • !.i..)";' ~\ .' •• r ...... ,0 J.' J,:;" .. 1'1:: .'/~~:) ',.. • a 
nc ll 

C. Weigh as Ag
2

"j;{o04 (:59.16 mg per lO"mg Mo). 

. (1). More cycles of ether extraction and oxime precipitation may be 
added if needed for purity. 

(2) Mo':'a.-benzoinoxime can be completely dissolved in 6 N NaOH and 
re-pptd by making the soln.0.5 N in H and adding a.=b-o. 

(3) Continued fuming with cone ENOS and cone HCI04 will ppt a fo rm of 
molybdic acid which can be dissolved readily ln 6 !! NaOH. 

8/12/49 
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44-1 

CHEHICAL SEPAR.'.TIONS 

Elemont separated: Ruthenium Procedure by: Goeclrormo,nn 

To.rget material: ~l g Bi meto.l 
. I ' 

Time for sep rn: ~2 hr. 

Type of bbdt': 184" all particles Equipment required: Distil­
ling flc.skd icc I contrifugol 
tubes I 110 oven 

Yield: o.pprox. 60% 

Degree of purifico.tion: Deoontruminution factor> 104 from fission a~d spal­
lation products. 

; .. dvnnto.p;cs: .Fo.ir yie ld of pure Ru 

Procedure: 

1. 

2. 

3. 

4. 

Add 10 rng Ru and Os to 0.1 iquot of mro
3 

soln of to.rget, boil 6! 
rINOS so!ution to volo.tilizc Os04' Transfer to glo.ss still, o.dd 
10 mg I , 0.5 b No.BiOgl 1 rol conccntro. ted HoPO'i' and 10 ml 70% HClO • 
Boil in air stream without bumping and distlll over RuO~_into 4 
12 ml 6! No.OH in nn icc bath •. Dis-till until 1-:2 ml of HC101 ho.ve 
distilled (2-3 min. ufter fuming bC"ins). 

To distillu te, udd :3 ml C2EsOII and boil 1-2 nino until Ru oxide is 
coagulo.tcd. Wo.sh with 10 1;'11 H20 and 1 ml 6,! NaOH and boil. 

Distill RuO/! again; if nocesso.rYJ and reprocipitate oxide. 
'" 

Dissolve precipitate in 2 ml hot 6N Hel o.nd dilute to 12 mI. Add 
V'\ 0.2 g ffl'..g chips or coarse powdor-slowlYo(add aerosol) until 
solution Po.s ses through blue stage and Ru appears. Boil gently 
until cO:1gulo.ted. Add 5 ml concen.tro.tod HCl to remove oxcess 
Mg o.nd boil, filtcrl wash three times with 5 rol hot H20, threo 
times with 5 rol C

2
H

S
OH, three times with S ml cth~r, ary 10 min. 

at 1100 C. Weigh as Ruo. 

Remark~: Some Ru may be lost from boiling 0. cone. HNOS soln. Os & To do 
not ppt with the EtOH. The No..BiO converts I to lodutc to prevent 
volatilizo.tion. The H

S
P0

4 
preven~s volatilization of smo.ll nmounts 

of Mo. 

7/29/49 
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44-2 

CHEMICAL SEPARA.TIONS 

Element sopnrr.tod: . Ruthe!?-ium Procedure by: Folger & Hicks 
.A1so by Wolfe 

To.rget mo.terio.1:rv 4 g. U metul Time for sep 'n: rv 1 1/2 -2 hr. 

Type of bbdt: 184" 0.11 high energy po.rticlcs Equipment required: 
"Ruthenium still" «(\11 glo.ss) 

Yield: o.pprox. 60% 

Degree of purifico.tion: rv 104 from 0.11 F. P. nctivi tics. 

Adva.nto.~cs: Fnir1y ro.pid, simple procedure for obte.ining n good yield of Ru. 

Procedure: 

(1 ) 

(2 ) 

(3 ) 

(4 ) 

8/16/49 

P-18-184 

Add 10 mg Ru nnd Os, boil 6 ! ENOS s£lution to volntilize Os04' 
Tra.nsfcr to glnss still, o.dd 10 mg I, 0.5 g NnBi03 , 5 mg ]);10 nold­
ba.ck, 1 ml concentrated H3P0

4
,and 10ml70% HCI04 • Boil in nir 

stream without bumping a.nd dlstill over Ru04 ~nto 12 ml 6E NaOH 
in an icc bo.th. Distill until 3-4 ml of HCI0

4 
hnvo distilled 

(5 min. nftcr .0:mix:s. bel;ins) 0, . 

To distillate, add 3 ml C2HsOHund boil 1-2 min. until Ru oxide 
is coagulntedo Wo.sh with 10 ml H

2
0 o..nd 1 ml 6 U NaOH c.nd boil. 

(leo.vos Tc behind). 

Distill Ru04 ngnin, if necessary. nnd reprccipitnte oxide. 

Dissolve 'prccipitnto in 2 ml hot 6 N Hel c.nd diluto to 12 mI. 
(Tc.ke nliquot for counting hore if desired). Addf\J 0.2 g riff€; 
chips or conrse powder slowly (add nerosol) until solution pnsses 
through blue stage o.nd Ruo nppears. Boil gently until coagulnted. 
Add 5 ml concentrnted HCl to rcmov0 excess Mg and boil, filter, 
wnsh three times with 5 ml hot H

2
0, throe times with ~ ml C2H

S
OHd 

three times with 5 ml ether, dry 10 min. n t llOo C. 1fe igh o.s Ru • 



CHEMICAL SEPARATIONS 

Element separated: Ruthenium 

Target material: Sb ("".5 gm netal) 

Type of bbdt: 184 11 D & a . 2 

Yield: 50% or greater 

Degree of purification: At lecst factor of 100 

Procedure: 

44-3 

Procedure by: Lindner 

Time fo r se p , n: '. IV' 2 hr. 

Equipnwnt 'required: "Ru still" 
Lusteroid tubes, centrifuge, 
cones. 

~l) To dissolve the Sb metal, add 15 drops,of 27 N HF to it in a 
1usteroid tube in a hot Via ter bath. Add cone-ENOs dropwise 

. until dissolved (rv 10 min.) Dilute to ('oJ 20 ml. ' 

(2) 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 conc. HCl. 
Centrifuge the YF

3 
and AgCl ppts. 

(3) To half of the supn add 5 ml of 1% dimethyl glyoxime in .aloohol. 
Centrifuge. 

(4) Place the s upn on an ice bath, add 5 ml 2~ (£ benzoin oxime and 
digest 2 min. Centrifuge. 

(5) Evaporate sup'n to near-dryness on hot plate. Add 10 ml H20, 2 ml 
cone. H2S04 and evap to fuming for 20 min. 

(6) . Transfer to "Ru. distilling flask", add 5 ml 70% HC104 • Boil to 
fuming for 10 min. catching distillate in 5 ml 6 N NaOH. 

(7) Add 2 ml EtOH to. the RU0 4 in NaOH, boil and centrifuge. 

(8) Dissolve the Ru02 ppt in a minimum 6 ! HC1. 

(9) Add, 5 ml 70% HCIO 4. .Repea t steps ~-8. 

(10) Add 0.2 ~m Mg powder to aliquot of the Ru+++ sol'n slowly; Boil 
gent.ly to coagulate Ru. 

(11) Add 5 ml cone HCl to dissolve excess ~~ and boil. 

(12) Plate the Ru metal and count. 

8/18/49 
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44-4 

CHEMICAL SEPARf.TIONS 

Elemont separated: Ruthenium Procedure by: Newton 

To.rget mat~rial: Thorium metal (.1-1 gm) Time for sep'n: 1 hr. 

Type of bbdt: 60" a1 pho.s Equipment required: 
"Ruthenium sti1111 

Yield: tV 10
6 

Procedure: The Th mcto.l is dissolved in conc HCl plus a few drops of .2 M 
(NH4)2SiFS to clear up the black residue. TheHCl is diluted to 2 N 
and an allquot to.ken. 

(1 ) Place o.liquot in a distilling flo.sk, o.dd 20 mg Ru carrier, 
10 mg 1- carrier, 0.5 gm lifnBi0

3
, 1 ml 85% H P0

4 
o.nd 10 m1 70% 

HCI0
4

• Heo.t gently to boiling and distill ~(tnenium rapidly, 
(avo~d bum]?ing) into 12 ml 0 f 6 1>1 No.OH in 0. 50 m1 centrifuge 

, tube in an icc bo.th. Distill ti-f1 1-2 m1 of HCI0
4 

have dis­
tilled (1-2 min o.ftor fuming begins). 

(2) To distillate o.dd 5 ml EtOH. 
over a flamo and centrifuge. 
containing 1 ml of 6 ! NaOH. 

Heat gently to boiling by ~virling 
Suspendpptd Ru in 10 ml H ° 
Heat to boiling and centri~ge. 

(3) 

(4 ) 

Remarks: 

Dissolve npt by heating to boiling in 2 ml 6 M HCl. Add 10 m1 
H

2
0. Add' 0.2 gm Mg powder in small portions,-shaking "lith each 

aadition. Add a few drops 0.1% aerosol to minimize frothing. 
Boil gently until Ruo in well coagulated. Continue boi~ing 2 min. 
Slowly add 5 ml of 12 M HCl to remove excoss magnesium and again 
boil Z min. 

Filter by suction on a Vleighed filter paper in a smn.11 Hirsch 
funnel. i'!o.sh three times with 5 ml hot H20, three times with 
5 ml 95% EtOH, o.nd three times with 5 ml EtZO. Dry 10 min. at 
1100

• Heigh as Ruo • 

Preparation of Carrier Solution: Dissolve 28 gms commeroial 
ruthenium chloride (RuCl

3
RUC1

4
,x H

2
0) in ;,vater and dilute to 1 liter. 

Standardiza.tion: Tr,;ko 5 ml carrier in 250 ml erlenmeyer. Add 25 mi 
H

2
0, 2 ml cone. HCl. Add 0.4 gms p~vderod ~~gnosium motal in smnil 

portions, shClking after each adai tion. .Add 0. fev{ drops 0.1% aerosol 
sol to prevent frothing and boil gently till tho ruthenium is coagulated 
and the supernate clear and colorless. Continuo to boil 2 min. Add 
10 ml 12 N HCl to remove excoss Mg and boil 2 min. (Add more Mg if 
supernate-not clear). Filter, wash three times with hot H20, thrAe 
times with 5 rol portions EtOH, throe times with Et20. Dry at 110° 
anci we igh as Ru me tal . 

This method has been described preViously (Phys. Bbv. 75 17 (1949»). 

P-18-2.56 
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.'\.. 

5 nun ID 

19/38 ST ) 

23 em 

J , 

.... :. 

30 em 

-.--1
1 

.... / 
50 ml flask 

Ruthenium Still 

8/24/49 
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CIfEMICAL SEPARATIONS 

Element sc~nrated: Rhodium Procedure by: Wolfe 

Targetmntorfal: Urnn ium metnl (~ 1 gm) Time for sop In: (OJ 1 1/2 days 
when separated with 
Pt o.nd Ir. 

Type of bbdt: 388 Mev nlphas Equipment requirJd:' Specinl 
distilling flask, centrifugo, 
sep funnels, Lusteroid 
tubes, st."ndc-.rd. 

Yield: 10%. 

Degree of purific.~tion: 104 from fission pro due ts (none from Ir) 

Procedure: 

(1) Cut out the contr::tl portion of the target and boil with cone HCI 
to dissolve it and to expel Ge. 

(2) Add 5 mg 1-' and 103- and boil the soluti~n again to expel iodine.' 

(3) Add 20 mg Os, Ir, Pt, and Au ca.rrier·s plus 20 mg Ih, Ru, Rh. and 
Pd carriers. Withdro.w 0. 20% aliquot for determin..'\tions of B.,1., 

Ru and Rh. 

(4) To the 20% aliquot add HNO ,5 mg Ru carrier and 5 mg 1- and 10
3
-. 

B oil the solution to cxpeT Os and I. (CAUTION: Os04 very p01sonous.) 

(5) 

(6 ) 

(7) 

(8) 

(9 ) 

Place the solution in a speci::"l all.-glass distilling flask like 
that used for tho osmium distillntion. Add 0.5 gm Na.BiOS ' 1 ml 
cone H

S
P0

4
, and 10 ml 70% HC10

4
• Boil in an air stroam vii thout 

b~p~ng c.nd. distill over Ru04 ~nto l~ m~ 6! NaOH i~ o.n ice bat~. 
D1st1l1 unt11 1-2 ml of HC10

4 
havo d1,st~lled (2-3 ml.n after fuml.ng 

begins.) Sec (44-2). 

The residue from this Ru distill~tion is fumed strongly with the 
HCl04 • 

Cool the solution, dilute to 4 N and add 20 ml pyridine. 

Boil. tho solution for five minutes, placo in a sepa:ratory funnel, 
und add 19 N NaOH to separnte tho free':'bnsc pyridine layer (the 
high cone of NnOH is IIl0rely to keep the volume low.) 

Wash the dark blue pyridine layer three times with equc.l volumes'of· 
dilute HCl, sopc.rating the layers enoh tim;) with 6 ! NaOH. 

(10) Add 0. few drops of 6 N NaOII to the pyridine layer and eva.porn to 

(11 ) 

P-18-183. 

the pyridine off'·. - . 

Pass H2S into .tho boiling alkaline solution for severnl minutes, 
whilo the solution is acidified dropwise yvi th HCl. Sulfides of 
Rh and Ir ppt. 
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(12) Di8so1ve th~ ppt in n little aqua regia. Add 5 mg of Au, Pt, 
and Pd carriers. 

(lJ) ~hke soln 4 N in HCI nnd oxtro.ot tvdce "vi th equr-l volumes of 
butyl ccotntc to deoontaminate from Hg and Au. 
" - - .. -. "----"--~ --- + - " """ 
Dilute the solution to about 0.5 N in H , add 5 ml dimothyl-glyoximo 
solution (1% in r.lcohol) nnd filter off the Pd ppt. 

{16) Fume the rcm..,\ining solutionw ith H2S04 , di!utc, nout~.lize to the 
brom cresol purple end point, and add Br03 to ppt the hydrated 
oxides of Rh and Ir, leaving pt in solution. 

(16) Dissolve tho oxidos in cone Hel c.nd dilute to known volume. 

(17) .An aliquot of proper sizo to giv~ abou t 5000 c/m is wi thdravtn 
and a known amount of Rh cC'..rrier is added to it. 

(18) Fumo with H
2

S04, dilute tvlOnty tc one, boil and ppt Rh metul by 
adding TiCl:s drop\"lise until a. very slight excess is present. 

{19) PInto this Rh moml and eount. 

Rem..".rks: 

In uranium bombardments the activi~3in step 16 is due almost entirely 
to Rh, tho activity of Ir being about 10 that of Rh '--- even though no 
scp-",-ration hns been m.ade from Ir •. In some other bombc.rding arrc.ngoment where 
the aotivities of Ir nnd Rh nrc more closely equal, Ir could be soparated 
from the Rh by n prooedure ~imi1ar to the last part of (77-3). 

Rh, Ir nnd Pt should be separated from one bombardment leaving Os, Ru, 
C'..nd Pd for a second bombt..rdmcnt unless severnl peoplo nrc cooper~ting on 
the prooedure. 

For other pl~tinum mot~l - fission product separutions sec: 

PIn tinum: 70-3 
Osmium: 76-1 
Ruthenium 44-2 
PallcuUum 40-5 
Iridium 77-3 

\. 
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C~MICAL SEP;IR1~TIONS 

Element separated: Fnlladium Procedure by: Goeckcr~nn 

Target materia.l: V\ 1 g Bi metal Time for sop In:V\ 2 hrs. 

Type of bbdt: 184" 0.11 po.rticles Equipment required: Centrifuge, 
o tubes, 110 oven 

Yio Id: tI\- 60% . 
. . 

Degree of purifica.tion: Deoonta.mina. tion factor) 104 from fission and 
spa.llation products. 

Adva.nta.ges: Fa.ir yield of pure Pd 

Procedure: 

1. 

2. 

3. 

.' 

To a.liquot of HNO soln of target a.dd 10 mb Pd+
2

,ma.ko up to 20 InI 
0.5N HC1, udd 5 mr dimcthyl-t,lyoxime solution '(1% in nlcohol). 
Wa.sh with dilute HCl. . 

Dissolve precipit%to in 1 ml concentruted rom3 , dilute with 10 ml 
Hz0' add 5 IIlf Fe+ o.nd r:JD.ko basic with NH3 • 

iLdd 10 mg Ag to superno.ta.nt und enough r- to prec ipi to. te ull tho 
Ag. Repeat 1l.g1 sco.venging. 

4. Mlke superno.tant 0.5 N in HCl o.nd centrifuge out o.ny 1l.gCL Add 
5 ml dimcthylglyoxime7 Wo.sh. 

5. 

,6. 

Remurks: 
ppt. 

7/29/49 
P-18-105 

Repent purification cycle if needed for higher purity. 

Filter." lust Pd dimethylglyoxime, wash with H
2

0 a.nd C
2

HsOH, dry 
10 min. a.t 110° C. Weigh o.s Pd dimcthylglyoximc (20.70 fig per 
10mgPd). . 
cdS 

Zr nnd 1I.g o.re the principle co·ntc.mino.nts of the dimcthyl-glyoxitle 
.' 
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CHEMICAL SEPARl\.TIONS 

Element s:)pnrn ted: . Po.lladium Procedure by: Folger ~ Hicks _ .......... 

Target mntcrial:nJ 4 g. U metal Time fur septn: rv2 hr. 

Type of bbdt: 184" all high energy ~?nrticlos Equipment required: Centrifuge, 
conos. vnc. filter 

Yie Id: tV 60% 

Degroe of purification: tV 10
4 

from 0.11 F.P. nctivities. 

Advo.ntagcs: Good yield pure Pd. 

Procedure: 

(1 ) 

(2 ) 

Add 10 mg Pd+
2 

etnd 10 mg Ni, mo.kc 0.4 N in ENO or HC1, ndd 3-5 ml 
dimcthyl-glyoxime solution (1% in nlcohol). lJ~shwith dilute 
HCl or ENOS (0.2 ! ) 

Dissolve procipit%to in 1ml concentrettcd HN03 , dilute with 
H

2
0, ndd 2 mg Fe + and mo.k~ basic with NH

3
• Centrifuge etnd 

Fe(OH)3 sco.venge. 

5 ml 
repcett 

(3) Add 10 mg Ag to supernn ta.nt and enough I to prccipi tn to etll the 
Ag. Centrifuge etnd repoett AgI scavenging. 

(4) l!.i-.ke supernetto.nt 0.4 N in Hel etnd centrifuge out a~y AgCl. Add 
3-5 ml dimothylglyoxime. Wetsh. 

(5 ) 

(6 ) 

Remo.rks: 

Rcpeett purificc.tioncyclo (steps 2,3,4) if needed for higher 
purity. 

Fil tor lc.s t Pd dimet~ylglyoxime. wc,sh with ~O etnd C2II50H. dry 
10· min. o.t 1100 C. Weigh us Pd dimethylglyoximo (20.70 mg per 
10 mg Pd). 

Pd-d-m-g is quite bulky and mo.y not centrifuge. In such cc.se, I'll tor 
wi th suction. The ppt mo.y be dissolvod by adding conc HN0

3 
nnd co.tching tho 

solution which runs through the filter. 

8/16/49 

P-1S-181 



46-3 

CHEMICAL SEPA:A TrONS 

Element separated: P.alladi~m Procedure by: Lindner 

Target material: Sb (~ .5 gm metal) 

Type of bbdt: 184" D2 &: ct 

Time for sep In: tV 1 hr. 

Equipment required: 
Lusteroid tubes, centrifuge, 
oanes. 

Yield:· Greater than 50% 

Degree of purification: Factor of at least 100 

Procedure: 

(1 ) 

(2 ) 

(3 ) 

(4 ) 

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~rn03 dropwise until 
dissolved (,...., 10 min.) Dilute to rJ 20 mI. 

To the SbF
4

- solution add 20 mg each of Te, Sn, In, Cd, Ag, 
Pd, Ru, l.tIo &: Y carriers as soluble sal ts. Add 2 drops cone. HOI. 
Centrifuge the YF3 and AgCI ppts. 

To half of the supn add 5 ml of 1% dimethyl glyoxime in alcohol~ 
Centrifuge. 

l'lash the Pd "DMG" ppt with water and dissolve in aqua regia. 
Evaporate to dryness. AddlO Iml 2 N Hei. Add 1 mg Sb, Sn, In .. 
and Cd holdbac~~ carriers and 5 ml lro "DMG" rel'l-gent in alcohol. 

(5) Repeat (4) twice (do three times altogether). 

(6) Wash the ppt with water and then alcohol. 

(7) Plate the Pd lIDUG" ppt. 

8/18/49 

P ... 18-223 
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CHEMICAL SEPARATIONS 

Element separated:' Palladium Procedure by: Newton 
, 

Target material: Thorium metal (.1-1 gm) Time forseptn: rV 1 hr. 

Typo of bbdt: 60" ats 

Yield: rv 80% 

Equipment required: Standa.rd 

6 . + 
Degree of purifica'tion: N 10 except from Ag 

Procedure: The Th metal is dissol vod in cone. HCI + a few drops .2 M so lution 
(NH4)2SiFS to clear up black residue. The HCl is diluted to 2 N 
ani an aliquot taken. 

(1) 

(2 ) 

++ 
To sample at~) 20 mg Pd • 
oxidize Pd. 

If sample in HCl, must add HN0
3 

to 

Dissolv~3Ppt in 1 ml cone mw3 , cool, di 1 with 10 ml H2 '), add 
5 mg Fe _, mnke basic with excess NH

4
0H. Add 10 mg .Ag + and 

enough I to.Ppt Ag. Centrifuge and repeat scavenging. 

(3) ~..1'ake 0.4 N in HCI and co ntrifuge out a.ny AgCl~ To superna te add 
3-5 ml dimethyl glyoxime, wash. 

(4 ) 

(5 ) 

Repoa't:; purification cycle in 2 e: 3 for further purity. 

Wash dimethyl glyoximo ppt vii th H20 and EtOH. Dry 10 min at 
llOo. Weigh. . ' 

Remarks: Zr a.nd Ag+ are principal contaminants. 
10 mg Pd = 31.6 mg PdC8N404~ 7 

(1 ) The Pd is in Th as colloidalmetal. 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 SEPARATIONS 

Element separated: Palladium Procedure by: Wolfe 

. Target material: Uranium (metal) Time for sop In: rv ldny when 
separnted with Os and Ru 

Type of bbdt: 388 Mev ~ts Equipment required: Special 
distilling flask, centrifuge, 
sop funnel, Lusteroid tube, 
stundnrd 

Yield: "...,. 50% 

Degree of purification: 103 from fission products 

Procedure: 

(1) 

(2 ) 

(3 ) 

(4) 

(5 ) 

(6 ) 

(7) 

(8 ) 

(9 ) 

(10 ) 

(11) 

Cut out the contrnl portion of the target and boil with concentrnted 
HCI to dissolve it nnn to expel Go. 

Add 5 mg 1- and 103- nnd boil the solution again to expel iodine. 

Add 20 mg Os, Ir, p.t:; and Au carriers plus 20 mg Bu, Ru, Rh nnd Pd 
carriers. Withdrc:w c. 20% aliquot for 1a.ter determinations of Ba .. 
Ru, c.nd Rh. 

Pla.ce tho rOmD.ining solution in n special c.ll-glassdistilling flask 
having a thistle tube ontry and an air. entry. Add concentrntcd 
EN0

3 
through th~ thistle tube, and distill Os04 into 6 N NnOH in 

an' ~cc b(\th~ (::iave for Os determinntion). 

P1ctce the residue from the Os distillation in n beaker, add 10 ml 
70% :a<a04 and pail the solution to fumes of HCI04 to expel Ru. 

Dilute the solution, CLdd 5 mg more Ru cnrrier, and 5 mg more I- r'.nd 
103- and repeat the fuming. 

Add one ml dilute HCI, dilute the solution to 4 N .cmd extract twice 
wi th cqunl volume butyl :icetate to dccontnminute -from Hg and from Au. 

Dilute the solution to ~0.5 N in H+,' add 5 ml dimothylglyoxime 
solution (1% in alcohol) and filter off the pallndium ppt. 

Dissolve ppt in lINOs_dilute to 0.5! in H+, and reppt the Pd dmg. 

Dissolve ppt in HN0
3

, add 2 mg to.+++ carrior and ppt the hydroxide 
by adding NH40H. D~ sso 1 VG ppt in EN03 and ppt hydrojddc twic e mo re • 

Add 10 mg Ag+ to supn and enough Cl- to ppt all the Ag. CentrifUge 
and r~peo.t i~gC1 sc('.vongcs "\7.-'ico. Cen trifugo off all AgCl. 
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(12) Dilute supn to known volume, transfer to ::t p1a.s·:~ic lusteroid 
container (to prevent adsorption of l~g daughter activity on glass 
wall s) and wrnp in para.film to prevont evc.po rc. tion. 

(13). AlloW' tho .soln to st .. :tnh~or 12-16 hours until tho 3.2 hr 1l.g1l2 
da.ughter of 21 hour Pd hus grown into equilibrium. Therca.ftcr

l12 
at intcrV':\ls of c.bout a dc.y, known uliquots urc "milked" ~f2thc Ag 
da.ughter by AGel pptns in ardor to dct~rmine decay of Pd • 

Rcronrks: Os, Ru nnd Pd cOon bo tuken from one bomburdmont louving Rh, Ir 
and Pt for u second bombardment unloss severnl people ure coopcra.ting 
on the procoduro. 

For othor platinum motul - fission product sopnra.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 IONS 

Element separated: Silvor Procedure by: Folger &. Hicks 

Target nu:tterio.l: V) 4 g. U metal foil Time for sepln: ~2 hr. 

Type of bbdt: 184" all high energy particles Equipment required: Centri­
fuge, . cones. microburncr, 
.1100 oven 

Yield: \.A 80% 

Degree of purification: )103 from all F. P. nctivities 

Ad\untagcs: Relatively simple procedure givinS good separation in high yield. 

Procedure: 

(1 ) 

(~) 

(S) 

(4) 

,(5 ) 

* Dissolve target in> 10! !mOS' 
Eo HNOS• 

Take aliquot and dilute to V'\ 5-6 

Add aerosol and precipitate AgCl with 1 ml 0.5 N HCl.** Wash 
twice with 10 mIl! HNOS containing 1 drop 2 .!'CHCl. 

+3 Dissolve AgOl in 2 ml 6,!! Im
4

0H, dilute to 10 ml, and o.dd Z mg Fe 
Centrifuge Fe(OH)S and repeat scavenge (may be done in same tube.) 

Sc.turate ·supernatant with HzS in the cold, wash Ag
2
S. 

Dissolve AgZS in 2 ml concentrated HN03 ,boil. dilute to o.pprox •. 
4 N (8 ml) and prec ipi to. te AgC1 with 1 ml 0.5 N HCI. 1oYa~h twice 
wi th liN0

3 
containing 1 drop 2 N HCl. 

(6) .Repec.t (3). 

(7) Repeat (4).'· 

(8) Dissolve AgZS in 1 ml concentrated ~03lboil to destroy or remove 
all H2S dilute to 6 ml, add 1 mg Fe ,p.nd mo.ke basic with NHS• 

(9) Add aerosol, make ZN in HN03 , add 2 dror-s 6! HCI and boil to 
coagulate. Filter, washthree.times with 5 ml 0.5 NHlf03 three 
times wi th 5 rol C2li50H, dry 10 min. at 1100 C. ~'Teigh as AgOl 
(13.28 mg per 10 mgAG)' 

Remarks: 

7/28/49 

*. 1i.g carrier should be added to the container in '\i~hlch target is disBol vcd 
in order to prevent ·loss of trace Ag by absorp'bion in the glass ~ An 
amount of carrier should bo added so that the aliquot will contain 
10-20 mg. 

**Boiling tho solution over a microburncr,with stirring (being careful to 
avoid loss by bUl71ping over) causes rapid ~nd complete coagulation of 
AgCl. 

In step 2 addition of a: few drops BD. &: Sr plus 2 drops 50% I~C03 will 
provido additional decontamination from these clements. P-18-107 
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Element separated: Silver Proceduro by: Goockcrronn 

Tn rgot rrn te ri~ 1: (/"\ 1 g Bi me tnl Time for sop tn: "" 2 hrs. 

Equipment required: Centri­
fUGe, tubes, ice, 110~ oven 

Type of bbdt: 184" nIl po.rtic los 

Yield: lA80% 

Degree of purification: 
spallation products 

Decontamination fnctor . ..h 104 
from fission and 

.~dVC\ntages: Good yield of pure Ag 

Procedure: 

(1 ) 

(2 ) 

(3 ) 

(4 ) 

(5 ) 

(6 ) 

(7) 

(8 ) 

To I).liquot of HN0
3 

soln of target ndd 10 mb At;, nerosol, dilute 
to 20 ml, and precipitate ,,:l.gCl with 1 ml 6N HCl. Wash "'lith 10 ml 
H20. 

+3 
Dissolve AgCl in 2 ml 6!1~40H, dilute to 10 nl, and o.dd 5mg Fe • 

Snturntc supernntnnt with H2S in the cold, wa.sh ;~g2S. 

Dissolve ~2S in 1 ml conccntrnted HNO~, dilute to 20 ml, and 
prccipitnte AgOl with 1 ml 6,! HCI. WaSh with H20. 

Repent (2). 

Repeat (3). 

Dis§olve Ag
2

S in 1 ml concentrated EN0
3

, dilute to 10 1>11, add 5 mg 
Fc+ I.nndmalro basicwithN~. 

Ldd 5 dro':s 6N HCI to supernatant, add aerosol, make IN in HN0
3

, 
heat, filtor,V"ash three tirros with 5 ml H

2
0, three tirws with 

5 ml CZHSOII, dry 10 min. ut 1100 C. itfcigh us .AgCl (13.28 mg por 
10 mg .i4?;). 

, . 
Rcrncrks: Valkinson sugg~sted an electrolysis procedure involving pl~ting 

.Ag
O 

on the ea th~de from 2:-3 !; HN?3 nnd then trnnsfo~ring it to the 
anode in n cynn~dc bath - ... thl.S 1S good unless Pt, .. I.U, Ir, or Os nro 
prescnt. 

7/29/19 
P .. 18-l06 
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CHEMICAL SEPARATIONS 

Element s epa rn ted: Silver Procedure by: R. C. Lilly 

Target material: Cd (sepnrnted isotopes) Time for sep In: 30-40 minute s 

Type of bbdt: Deuterons nnd protons - 60" Equipment required: beakers, 
funne ls. Hirsch funne 1 

Yield: rIJ ,90% 

Deeree of purification: good - nt least factor of 100 from other activities 
present. 

Advantnges: Simplicity 

Procedure: 

(1) Dissolve the Cd tnrget, weighing 10-15 mg. 1n 0. few milliliters 
of cone. HN03 in u smnll beaker. When 0.11 of the materinl ho.s 
dissolved, evnpornte to dryness to dr~ve off excess RN03 • 

(2) Add 3 - 4 mg In nnd 3-4 mg. Ag as the nitrate sol'ns nnd 
dilute to,..J 10 ml wi th ~O. 

(3) 

( 4) 

(5 ) 

(6) 

Addl N h~l dropwise until 'the Ag is completely ppt'd as AgCl. 
Coaguln w the ppt by henting ,and fil terthrough n small :~42 
Vfuatman filter ~~per in n short-stemmed glass ,funnel. (1he filtrate 
conta.ins the Cd nnd In frnctions nnd is worked up sepnrntely ns 
describe~ in the procedures for Cd nnd In from Cd targets, Nos ~ 
48-3 nnd 49-1. ' 

Whsh" the AgCl ppt several times with 0.1 ! IDJ03, discarding the 
wnshes. Dissolve ppt throueh paper with 6 ! NH40H, collecting 
the soln in another small benker. 

To scavange for In. ndd 2-3 mg Fe as "'5 ml of FeC13 soln, stirring 
well during the nddition. Coagulnte the ppt ,by heating, filter, 
and discard it. 

Re-nc idlfy the fil trn te with ENOS nnd add n few 
to make sure thnt the AgCI is completely ppt~d. 
ppt by heat ing nnd f il te r through n i142 Who. tnll:m 
in 0. Gooch crucible or Hirsch funnel. 

drops of 1 N HCl 
Coaguln te the 

paper disc held 

(7) Suck'the sample as dryns possible and then pour 1-2ml "ncetone 
through the pnper to rOmove the residual H20. Vfuen the pnper 
disc is dry, mount under tape. 

Remarks: See Scott (Std. Meth. Chern. Annl.) for complete infornntion on 
the pptln of AgCl~ 

8/17/49 
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CHEMICAL SEPARAT IONS 

Element separated: Sil~er 

To.rgetmo.terial: Sb (N.5 gmmetal) 

Type of bbdt: 184" D 'C:' a 
2 

Yield: Equal or greater than 50% 

Degree of purification: At least factor of 100. 

Procedure: 

47-;4 

.I 

Procedure by: Lindner 

Time for sep tn: [V 1 hr. 

Equipment required: 
Lusteroid tubes, centrifuge I 
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 conc-HH0

3 
dropwise 

until dissolved (N 10 min)". Dilute to ,0 20 mI. 

(2) To the SbF4" solution add 20 mg each of Te, Sn. In, Cd, Ag, 
Pd, Ru, Mb &; Y carriers as soluble salts. Add 2 drops conc. He1. 
Centrifuge the YF3 and AgOl ppts. 

Wash the ppt with 1 ! HF. (3) 

(4 ) + Dissolve out the Ag from the ppt by adding 1 ml conc. 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 eo.ch Sb, Sn, In and Cd carrie rs. Add 1 ml conc. HN03 and 
I drop cone. HCl. Centrifuge out t?e AgOl ppt. 

(7) Add 1 ml cone. NH40H to the ppt and repeat (6). 

(8) Add 2 m1 6 ! NaOH to the AgCl ppt. Digest 10 minutes in hot 
water bath. Dilute to 10 ml & centrifuge. 

(9) Wo.sh the Ag 20 ppt with water and then dissolve in I drop cone. 
HN03 • 

(10) This solution eo.n be plated or if chemical yield is to be determined 
the Ag should be weighed as AgCl. 

8/18/49 
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CHEMICAL SEPAFA TIONS 

Element soparated: Silver 

Target material: Thorium metal (~l-l gm) 

Type of bbdt: 60" ats 

Yield: rV85% 

Procedure by: Newton 

Time for sep-'n: 1 hr 

Equipment required: Standard, 
tank H2S 

6 ' 
Degree of purification: rv 10 except from Pd 

Procedure: Th looto..l dissolved in cone RCI 
(NR4 )ZSiF

6 
to clear up black residue. 

an nllquot tCtken. ' 

+ a few drops .2 M solution 
The Rel is diluted to 2 Nand 

(1) Add 20 mg .Ag + to sample after diluting to 0.3 N RCI. Digest a 
few min. Centrifuge AgCl ppt off and wash v/ith 10 ml B:z0. 

(2) 

(3 ) 

(4) 

Di~30~ ve AgOl in 2 ml 6 ~ NH)4 OR. Dilute to 10 ml und add 5 mg 
Fe • Centrifuge off Fe,OH 3' j~dd more Fo and rocentrifuge. 
So. tura te supe rna -te wi th H

2
S, Free i pi to. te AgzS. fTash Ag2S. 

Dissolve ppt in 1 m1 conc HN03 , 
6 ! NH

4
0H and add 1-2 m1 excess. 

Repeat Af,2S and FC(OH)3 pptns. 

Dil to 10 ml+3 Neutralize with 
Add 5 mg Fe • Discard ppt. 

(5) To last Ag(NH3)~+ sol. add 5 drops 6! HCI, aerosol and 2 ml 
6)! HN93.' Reat"'and filter. W~sh three ~mes 5 ~l H20, three 
tlmes 0 ml 95% EtOH. Dry 10 mln. at 110 and welgh as AgOl. 

Remarks: 

10 mg ~'\.g+ = 13.3 mg ... 'i.gCl (M.W. 143 0 34) 

This method has been described previously (Phys. Rev • .72.17 (1949). 

Ag+ is adsorbed very rapidly by glass in carrier freo solution. Dissolve 
and treat in quartz or lustoroid till carrier added, othen/ise most of 
active il.g+ mD.y be lost. 
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CHEIvIICAL SEPARll.TICNS 

Element separated: Cadmium . .. Procedure by: Folger, Hicks, 
Miller 

Tnrget rna teria1:. '" 4: g. U metal foil . Time for scp'n: 2-2.5 hr. 

Typo of bbdt: 184" all.particles 

Yio ld: l.I1 70.% 

. 3 
Degree of purification: >10. from 0.11 F. p. activities. 

Procedure: 

(1 ) 

(2 ) 

(S) 

(4 ) 

Add 10. mg.Cd and Cu as indicator and make basic ':'I'i th NH
S

' centri­
fuge. Wash ppt with NH

4
o.H and oombine ·washings. 

Sa turate supernatant -with ~S and oentrifuge, wash •. 

Dissolve precipitate in minimum quantity cone. HCl and ovnporatc. 
.. +++ +++ +++ Dlssolvc ln 10. m1 H2O., add 5 ~ Fe ,La ,und In ;add NH3 

nnd centrifugc~ Ada more Fe++ and centrifuge on top of first. 

Pass H2S into supernatant and centrifuge •. 

(5) Dissolve ppt in 3 ml conc. ENo.
3 

and dilute to 8 mI. Add Ag+ and Cl­
. and cen trifugc • 

(6) 

(7) 

(8) 

(9 ) 

(10.) 

7/28/49 
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Neutralize supernatant vdth NBS' add onough solid KCn to complex Cu 
and pass in H2S, . 

. . +2 
Dissolve CdS in 2 ml 6N HCl, dilute to 6 mI. add 10. mg Pd ,hc~t, 

and so. tura te with H
2
S.-

+3 Add Sb to supernatant und scnvcnge 1i/ith Sb
2

S
3

" 

Tq supernatant add excess Iffi40H and saturate with ~S. 

Dissolve CdS in 0. fmvdrops of HCl, evaporate to dryness. Dissolve 
in 9 ml of 0. solution containing 3 ml 6 N HlI.c and 6 ml of 6 N I'lli ..... c" 
Heat, add 2 rol 1.5 !.! (NH4)2HP04# ~nd di~?st hot for 15 min. ~Filter, 
wash with H20. dry 10. min. at no. c. Vveigh as CdNH4PC4.~o. 
(21.66 mg per 10 mg,Cd). . 
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CHEMICAL SEP .. '..Ri'l.TIONS 

Element separated: Cadmium Procedure by: Goecke roann 

Ta.rgct material: tA 1 g Bi metal Time for scp In: V\ 2 hrs. 

Type of bbdt: 184" all particles Equipment required: Centri­
fugg, tubes, H2S tnnkl 

Yield: V1 70% 110 oven 

Degree of purification: Docontntlino.tion factor "10
4 

from fission and 
spn.lla tion produc ts • 

l'"dvuritaGos: Good yie ld of pure Cd 

Procedure: 

(1) 

(2 ) 

(3 ) 

(1) 

(5) 

(S) 

(7 ) 

(8 ) 

(9 ) 

(10) 

7/29/19 
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To aliquot of HN03 soln of target add 10 mg Cd and nR\ke basiC 
with NH

3
, centrifuge out Bi(OII)3' . 

Add 10 rnl concentrated Hel to supernatant and ovnporate to dr~10ss. 
Tnko up in 20 ml 0.2 ! Hel and saturate with H

2
S. Wash CdS with 

H
2
S water. 

Dissolve~CdS in 1 ml SN HCI, boil out II
2

S" dilute to 10 nl, o.dd 
5 mg Fe+"" nnd SN NH~orrdro1jwisC until Fe(OH)3 precipitation begins. 
Redissolve 1-2 dro·,g HCl, hent, add 4-5 dro'0s 6,!! CII5COONII~, ccntri~ 
fuge out basic ferric ncetate precipito.te. % 

Add 10-15. drops 6! HCl to supernatant nnd precipitnte CdS. 

Dissolve CdS in HCI and expel H2S, add severnl t~ In and precipitate 
wi ~h NH3 • 

Re-acidify and precipi~te CdS. 

+2 Dissolve CdS in 2 nl SN HCl, .dilute to 10 nI, add 10 mg Pd ,heat" 
and saturate with H2S.-

+3 Add 5 mg Sb to supernnto.nt and scavenge with Sb
2

S
3

• 

To supernatant add excoss NH40H and saturate with HzS. 

Dissolve CdS in 0. few drops of HCl; expel H2S, 
add 2 ml 3! Hel, boil, add 2 ml 1M (NH4 )ZHP04, 
15 mi~.··.Fi1 ter, wo.sh with H20, dry 10 mln. o.t 
CdNH

4
P04 .H20 (21.66 mg per 10 rng Cd). 

dilute to 15 ml, 
nnd digest hot 
110°C. Wcigh US 



48-3 

CHEL1IC.:.L S EP.:.R.\.TIOUS 

Element soparated: Cadmium Procedure by: R. C. Lilly 

Target material: Cd(scparated isotopes) Time forscpfn: 2-3 hours 

Type of bbdt: Deuterons and protons - 60" Equipment required: Beakers, 
funnels, Hirsch funnol~ 
soparatory funno Is, pH meter. 

Yield: tV 90% 

Degree of purification: good - at least factor 100 from other activities 
present • 

. Advantagos:, Good separation 

Procedure : 

(1 ) 

(2 ) 

(3 ) 

(4) 

(5 ) 

(6 ) 

(7) 

P-18-215 

Dissolve the Cd target, weie:hing 10-15 mg, in a feV! milliliters 
of conc HN0

3 
in a small beaker. Vfucn all of the material has 

dissolved. evaporate to dryness to drive off excess 11N03 • 

Add 3 - 4 mg In and 3-4 me; L.g as tho ni tra to sol 'ns and dilute 
to rJ 10 ml with H2O. 
;~dd 1 N HCI dropV'1ise until the ~'i.g is completaly pptld as AgCl. 
CoagulD:'"tc tho ppt by hco.ting and filter through a small 1;1:42 
17hatman filter paper in a short-stemmed gJD. S8 funnol. 'Ihe filtrate 
contains the Cd and In fraotions. (The AgCI ppt is worked up 
separately o.s describod in the procedure for .: .. g from Cd to.rgcts, 
No .47-3). 

1hke the filtrate o.mmonio.cal and add another 3-4 mg ~g ~s tho 
nitrate so lIn. Ac idifY wi th HNO and add 0. few drops of 1 N 
HCl to insure complete ppttn of XgCl. Coagulate the ppt by­
heo.ting, filter on #42 paper. and discard. 

Adjust.the pH of the filtrate to 3.5 with NH40H and transfer 
to a 50 ml separo.tory funnel. 

Extract the In by shaking with three portions of 0.02 M 8-hydroxy­
quinoline in C~Cl. drawing tho organic layers off into a second. 
separatory funn8l after each pass. Discard tho few drops of 
mixed s.olln which rcmai n in the stopcock o.fter sepo.ro.tion of -
layers. (The In is contained in this organiclayor and is worked 
up separately as described in tho procedure for In from Cd 
targots, No. 49-1"). 

Add 3-4 mg In as the ni trntc sol tJ:l to the Hz0 layer romaining in 
the first funnel. Repeat the extrnctions as outlined in (6) 
above, but this time discard the three organiC layers containing 
the scavenger In. 
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(8) Draw the H20 layer into a benker, boil off residua.l CHSCl, o.nd 
ndd .l\1Jf OH to ppt Cd 0.8 the 8-hydro:;"'Yquinolo. te. Fil tor through 
a #42 4hatma.n paper disc held in n Gooch crucible or Hirsch 
funnel. Suck the sample on the paper a.s dryas possible and then 
complete tho drying under a heat lamp before mounting under tepe. 

ROllk'1rks: 

Sec Scott (Std. T1cth. Chem. J\nc.1.) for conlplc to i!lforro tion on the 
ppt 'n of .AgCl. 

Sec S::mdell (Colorimetric petermination of Traces of Mctc.ls) for further 
informc.tion on the cxtrnction of In WHih 8-hydroxyquinolino. 

a/Hl/49 
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CHEMICAL SEPi.RATIONS 

Element separated: Cadmium 

Target material: Sb(rv.5 gm metal) 

. Type of b"bdt: 184" a. & D . 2 

Yield: 5at or greater 

Dogreo of purification: . At least factor of 100. 

Procodure: 

48-4 

Procedure by: Lindner 

Time for sop In: N 2 hours 

Equipmen t required: Lusteroid 
tubes, centrifuge, cones, 
tank H2S, S02 

(1) To tho target add 15 drops 27 N HF in lusteroid tube in hot water 
bath. .Add conc HN0

3 
dropvvise until dissolv0d (10 min.) Dilute 

to rV 20 mle 
20 

(2) Add/mg each Te, Sn, In, Cd, .IIi, Pd, Ru, ~:Io, Y carri"crs o.s soluble 
sal ts. Add 2 drops cone HCl.· Centrifuge. 

(3 ) Divide supn into bvo equal parts •. 

(4) Evaporate one part to near-dryness •. Cool, add 20 ml 3N HC1. 

(5) Boil the supn to expel S02' udd 5 ml H20. 

(6) Saturate ~~ with H2S until Sb
2

S3 pptn complete. 

(7) Evaporate the supn to near ,dryness. Take up in 15 ml I! NaOH. 

(8 ) 

(9) 

110) 

(11 ) 

(12) 

(13) 

Wash the Cd and I~4hydroxide with very 'dilute NaOH, dissolve in 
HCl. Add 2 mg Sn holdback. 

Repeat NaOH pptn, dissolve and make to 15 ml in 2 N HCl. '. . 

Add 5 mg Sb+++, 2 mg Te0
3
= and saturate ~ith H

2
S. 

Boil supn to cxpelH~S. Add excess NH40H.' Centrifuge. 

To thosupn containing the Cd (NH
3
)/+ complex add 2 mg In+++. 

Centrifuge off the I~(OH)3 ppt. 

So. tura te sup' n vd th H
2
S., Centrifuge 'CdS ppt. 

(14) . Dissolve CdS in HCl. 

(15) Dilute an aliquot of' solution to 15 ml. Add, 11 ml 3 !! lJH4
Cl,' 1 ml 

.. __ I.,5_!_(NH
4
J2_HP0

4 
and weigh the CdNH

4
P0

4
oH

2
0 pptformed. 

8/18/49 
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CHEMICAL SEPARAT IONS ... 

Element se pnra. ted: Cadmium Procedure by: Newton 

Target material: Thorium metal (.1-1 gm) 

Type of bbdt: 60 11 a's 

Time for sep'n: 2 hrs ~ 

Equipment required: 
Standard, tank H2S 

Yield: N 50% 

Degree of purification: tV 10
5 

from fission products 

Procedure: The metal dissolved in conc HCI + a few drops .2 M solution 
(NH4)2SiF6 to clear up black residue. The HCl is diluted to 2 Nand 
an allquot taken. 

(1 ) 

(2 ) 

(3) 

(4 ) 

(5 ) 

(6 ) 

Add 10 mg cadmium carrier. Dilute to 0.2 N HCl, pass in HZS, 
ppt CdS. Wash with H

2
S wa ter. 

Dissol ve CdS
3
in I ml 6 N HCl. Boi! out H2S. Diluto to 10 ml. 

Add 5 mg Fe + " 5 mg La+o", 5 mg In + ~ add NH
4

0H. Precipitate 
Fe (OH)3. Centrifuge. Add more Fe+ and scavenge again, centri­
fuging down on top of first. 

Pass HZS into supernate, ppt CdS. 
, + 

Dissolve CdS in 1 ml 6 N HC1, boil, dilute to 10 ml, heat, add Ag , 
ppt AgCl, digest a fow min., centrif~ge~ 

Addlffi
4

0H until alkalineJpass i'n H2S, ppt CdS. 

Dissolve Cd in 2 ml 6 IT HCl. Dil to 10 mI. Add 10 mg Pd+
2 

heat 
and saturate with H

2
S,-ppt PdS~ Repeat sulfide scavenging with 

5 mg Sb. 

(7) To supc mate add 2 ml 6 ! NH
4

0H saturate n2s~ppt CdS .. 

(8) Dissolve CdS in a few drops HCI. Boil to expel H2S. Dilute 
to 15 mI. Add 1.5 ml 3 ! NH

4
Cl, boil, add 1.5 ml 1.5 M (NH

4
)2 

HP04. and diges~, ho~ ~5 minutes. Filter. Wash wi th H27J, dry 
10 mln. at 110. 1~lgh as Cd(~4)P04.H20. 

Remarks: 

10 mg Cd = 21.63 mg CdNH
4

P0
4

oH
2

0 (M.rf. =: 243.45) 

This lllBthod has been described previously (Phys. Rev. 75 17 (1949»). 

8/23/49 
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CHEMICAL SEPARATIONS . 
Element separated: Indium Prooedure by: R. C'. Lilly 

Target material: Cd (separated isotopes) 

Type of bbdt: Deuterons and protons - 60" 

Time for septn: 2-3 hours 

Equipment required: 

Yield: N ' 90% 
Beakers, funne Is, Hirsch 
funnel, separatory funnels, 
pH meter 

Degree of purification: good - at least factor of 100 from other activi ti.es 
present. 

Advantages: Good separation 

Procedure: 

(1 ) 

(2 ) 

(3) 

(4 ) 

(5 ) 

(6) 

Dissolve the Cd targe'l:;, weighing 10-15 lnb, in a few milliliters 
of cone HN0

3 
in a small bt:.aker. rihen' all of the material has 

dissolved, evaporate to dryness to drive off e,:cess HrJ0
3

" 

Add 3-4 mg In nnd 3-4 mg Ag as the nitrate sol'ns and dilute 
to IV 10 ml with Hz0. 
Add 1 N HCI drop11'lise until the Ag is completely ppt'd as AGCI. 
Coagulate the ppt by henting and filter through a small ;,J'=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). 

~~ke the filtrate ammoniacal and add another 3-4 mg Ag as the 
nitrate sol'n. Acidify with lINO and add a few drops of I N 
HCI to insure complete ppt'n of IgCI. Coagulate the ppt by­
hea ting, filter on ~i'=42 paper, nnd discard. 

Adjust the pH of the filtrate to 3.5 with NH40H and transfer 
to a 50 ml separatory funnel. 

Extrao t the In by shaking VI ith three portions of 0.02 !vI 8-hydroxy­
quinoline in CH

3
Cl, 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 of 
layer s • (The In is co nta ~ned in thi s or ganio laye r..) . . 

The Cd remains in the H20 layer nnd is worked up separately ~s 
described in the prooedure 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 solfn 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 OR to ppt In as the 8-hydroxyquinolate 

and fil tel" ~hrough n ~.~4~ Whatman paper disc held in a Gooch 
crucible or Hirsch funnel. Suck the sa.mple on the paper as dry 

P-18-214 



49-1 (page 2) 

as p~ssible and then dry the disc carefully under a lamp and mount 
under tape'. ' 

ilemarks: 

See Scott (Std. l[eth. Chern. Anal.) for complete informs. tion on the 
ppt'n of AgGl. 

See Sandell (Colorimetrio Determination of' Traces of' Metals) for 
further in forma tion on the extraction of' In 1ivi th 8-hydroxYquinoline. 
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CREIITCAL SEPARA TIONS . .... 

Element sepal'ated: Indium Procedure by: R. C. Lilly 

Target mate rial: Cd (separated isotopes) Time fo r sep In:: 10 min.utes 

Type of bbdt: Deuterons and protons - 60" Equipment required: 
Small beakers 

Yield: .50-75% Porcelain filter crucible 
Filter flasks 

Degree of purification: good - at least 
factor of 10 from other activities 

Gooch crucible & holders 
Glass funnel & filter ring 
Test tube 

Advan tages : speed 

Procedure: 

(1) 

(2 ) 

(3) 

(4) 

(5 ) 

(6 ) 

Remarks: 

Dissolve the Cd target material, weighing a few milligrams, in 
a few drops of hot conc. }rn0

3 
in a 20 m1 beaker. Add 2 mg Ag 

and 2 mg In as the nitrate soltns. The total volume at this 
point should be rV 5 ml. 

Add a few drops of methyl orange and neutral ize with NH4 OR until 
the sol'n is slie:htly basic (yellow). Coagulate the ppt for a 
few seconds on a preheated hot plate. 

Filter the sample through a porcelain filter crucible into Ii 250 ml 
filter flask, using suction. Hash the ppt with a small amount of 
1% Iffi4N03 sol 'no 

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 that the tip of the funnel drips into the tube. Dissolve 
the ppt in EN03 and suck it through the filter into the te s t tube. . 

Lift the tube out of the flask and pour the sol'n into another 20 ml 
bea.ker. Repeat the ppttn as in (2) and filter the In(OH)3 through. 
a 4/42 Whatman filter paper diso held in a Gooch crucible or a Hirsch 
funnel. 

Suck the sample as dryas possible and then pour 1-2 ml acetone 
through the paper to remove the residual H20. When the paper disc 
is dry, mount on a card under tape. 

In practice a segment consisting of ""·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 origina1lywas then 
used to follow the longer half lives. 
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49-3 

CHEMICAL SEPARATION'S 

Element s~parated: Indium Procedure by: Lindner 

Target lnatcrial: Antimony (N .5 gm metal) Time fo r sep I n: 1-2 hou rs 
') 

Typo of bbdt: 184" a. & D 
, " Equipment required: Lusteroid 

tube, centrifuge, cones, 
tank N'2S , S02 

" 
Yield: 50% or greater 

Degree of purification: At least factor of 100 

Procedure: 

(1) To tho target add 15 drops 27 N HF in lusteroid tube in hot water 
bath. Add cone lIN0

3 
dropvvise until dissolved (10 min.) Dilute 

to N 20 ml~ 
20 

(2) Add/mg each To, Sn,' In, Cd, Ag, Pd, Ru, Mo, Y carriers as soluble 
salts. Add 2 drops conc HCl. Centrifuge. 

(3) Divide supn'; ,;I', into two equal parts. 

(4) 

(5 ) 

(6) 

(7) 

(8) 

Evaporate one part to'near-dryness. Cool, add 20 ml 3 N HCl. 

Boil the supn to expel S02' add 5 ml H20. 

Sa tura te hot wi th H
2
S until Sb

2
S 3 pptn oomple ta • 

Evaporate the supn to near dryness. Take up in 15 ml 1 N NaOH. 

Wash the Cd and I~4hydroxide with very dilute NaOH, dissolve in 
HCl. Add 2 mg Sn holdback. , 

(9 ) 

(10) 

(11) 

Repea t naon pptn, dissol va and make to 15 ml in 2 N ,HCl. 

+++ = Add 5 mg Sb ,2 mg TeO
S 

and saturate with H2S. 

Boil supn to expel H
2

S. Add excess NH
4

0H. Centrifuge. 

(12) Dissolve the In:(OH)3 ppt in HCI. 
treatment. 

Add 2 Cd++. Jl. mg Repea t Jl1H
4

0H 

(IS) Dissolve the In(OH)3 ppt in Hel and pIa to an aliquot. 
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CHE1JIJAL SEPARArI01~q 

Element separated: Indiu~ Procedure by: Wilkinson 

Target material: Uranium (tV 1 gm) Time for sop In: f\) 1 hour 

Type of bbdt: 184" (high energy fission) Equipment required: Standard 

Yield: 75-80% 

Degree of purification: 105_106 from activities present 

Procedure: 

(1)' To aliquot of target solution add 5 mg of holdback carriers; 
(Rare Earths, Ea, Sr, Zr, Rb, C.S, Te, Mo and rest of the sulfide 
group m~tal s) plus 5 mg In and Cd carriers. 

(2) Adjust acidity to 0.4 - 0.5 N HCl and saturate with H2So 

(3) Repeat steps 1 & 2 twice. 

(4) Add NH4Ac ~lus acotic acid, ppt In & Cd sulfides. 
cold 

Discard 
ppt. 

(5) Dissolve ppt injl ! HCI and repeat steps 1-4. three times or 
until the acid sulfide fraction is inactive. 

(6) Dissolve the In & Cd sulfides from last sulfide pptn in cold 
1 N HCI (only Cd & In ~ulfidcs soluble in cold 1 N HCI, Sn ~ 
Sb-soluble in hot I !HCl). -

(7) . Add R. E., Ba & Sr carriers, make slightly alkaline,i'lith t1Jf40H. 
Then add HCI 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 a.nd 8. 

8/24/49 
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CIffiHICAL SEPl~HATIOnS 

Element separated: Tin (,...., 10 mg) Procedure by: W.R. r.fcDonell 

Target material: Recovery from chemical 
wastes after bbdt including 50 rug Fe. 
30 mg Sb, 20 mg Cu 

Time for sepln: 3-4 hr. 

Equipment required: Centrifuge 

Yield: 90-95% 

Degree of purification: Atleast factor of 100 from metr..ls present in 
mo.cro o.mounl:i. 

Advantages: High recovery yield. 

Procedure: 

(1 ) 

(2 ) 

(3) 

(4) 

Combine wa~t,sJ crush and dissolve residues in HCl (1). EN0
3 

or 
aqua regia. • using alkali fusions (NQ,2C03 or Na.OH) where necessa.ry. 

Neutralize with NH
4

0H or NaOH. muke .25-1.0 N a.cid with HCI, pass 
in HZS to satura.tion, ppt black (usually) acid sulfide group + 
sulfur. Centrifuge, decant. 

Add 15 ccNa S soln(2) to ppt. Heat 60-800 C with, st5rring. 
Add f'v 15 ml ~o~ 0.6 N NaOH. oentrifuge, decant. Wa.sh with 
2nd portion of Na2S. Combine filtrates. Acidify slowly with 
HC 1 to neutral li tmns, the n make .25-1 N acid. So. tUra te with 
B2S. Centrifuge J doo~m t. -

Add cO~2, HCI, vra.rmwith stirring to dissolve sulfides and coar;ulte 
sulfur • Centrifuge, decant. Wash sulfur with hot 6 N HCl. 
Combine solutions. which now contain Sn, 8b (and As if any originally 
present) and only small amounts of eu group metals. 

(5) Do the tin antimony separation as outlined in f41'2. 
(selecti ve sulfide ppt orl"'J Fe reduotion, etc.) 

procedure<-

Remo.rks : 

(1 ) 

(2 ) 

(3 ) 

(4 ) 

8/11/49 

Avoid boiling conc. chloride solutions of Sn, since SnC14 is 
somewhat volatile. 

Na2S is used instead of (NH4 )28 because it affords a better 
sero.~ation from Cu. a major cont~minant. (Ref. A System of 
Chemical Analys is, E. H. S,:lift, Prentice-Hall, Inc., New York, 1940 
p. 215.) Specificatiohs for No.

2
S soln: dissolve· 480 g Na2S .9H20 

+ 40 g. NaOH in minimum o.mt of Water. dissolve 16 g powdered 
sulfur in this so In. dilute to 1 liter. 

A large quantity of sulfur is present in the ppt. However, it 
coo..gultl.tes very well on heo.ting in acid solution, while adsorbing 
very little of the sulfide, a,llowing satisfactory extraction. 

Tro..ces of Cu are dissolved by No..
2
S solution. ThiS, however. 

follows the Sb in the subsequent 8~-Sn separations. (Selective 
sulfide pptn or Fe reduction). 
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CHEMICAL S~PARATIONS 

Element separated: Tin Procedure by: Newton 
& l',!cDone 11 

Target material: Tin (plus Cu of target 
holder) 

Time for sep'n: 1 1/2 hrs. 

Type of bbdt: low (mergy d,p,n Equipment required: centri­
fuge, hot plo. te, glassvro.re 

Yie Id: 50-70;~ 

Degree of purification: rv 10
6 

Advantages: Simpler than oxalate or distillation procedures 

Procedure: 

(1) Dissolve target in HC1,heattng(1) and adding dro~2,r2 or few drops 
of HN0

3 
where necessary to effect rapid solution • Ad~ 10 mg 

(2 ) 

(3 ) 

(4 ) 

(5) 

(6) 

So, In oarriers. 

~.ke '3-4 N HC1. Add iron powder to excess (hydrogen evolution), 
heat with stirring, ppt Sb and Cu metal (black),fil ter by vacuum 
through sintered glo.ss filtering crucible. 

. ( ++ +++ ++ ++++ To flltrate add drop of Br2 Fe ~ Fe I Sn ----t Sn 
Neutralize with NH40H to appeo.rance of red Fe (OH)3' add just 
enough HCl to redissolve Fe {9¥)3 (acidity < 1 N), pass in 112S to 
so. tura tion, ppt ye How SnS2 • 

Dissolve SnS
2 

inHCl (S cc of 12 .~) by heating (1), stirring. Add 
10 mg Sb carrier, stirring. Dilute to 2.5 N c.cid (tV 14 cc), heat 
in boiling water bath, pass in H

2
S to saturation, ppt oro.nge Sb

2
S

3
• 

Centrifuge hot (SnS2 may ppt in cold). decant. Dilute to 1.5 N . 
(N 25 cc), pass in H

2
S, ppt SnS2 (yellow). Repeat step 3 once 

or twice. 

Dissolve SnS in 1 cc 12 ! HCl. Add Fe+++ currier(~,O mg). Dilute 
slightly, uda excess NaOH with stirring, heat well • Centrifuge. 
Add further In and Fe(5 mg,each) carrier to basic soln, ppting 
hydroxides. Centrifuge on top of previous ppt,decant. Repeat (4) 
if neoessary. 

Acidify tON 1 ! HC1. Pass in H
2
8, ppt 8nS

2
• Centrifuge, decant. 

Dissolve ppt in minimum cono HNOS' add 3-5 cc fuming HNOS' a knife 
point of NH

4
N0

3
• Boil several mlnutes to ppt .. .rhite meta-stannic 

acid. Evaporate c.Hq'(;.ots of the slurried soln on watchglo.ss and 
mount for counting. To determine ohemical yield dilute after 
ppting H

2
Sn0

3
, add filter paper pulp, filter through nshless 

paper. recycltg~ filtr~te till clear, dry, and ignite to Sn02 -
Weigh as Sn0

2 

P-18-165 



Remo.rks: 

(1 ) 

(2 ) 

(3) 

(4) 

(5 ) 

(6 ) 

8/12/49 
P-18-156 

50-2 (paGe 2) 

Avoid boiling concentrated Cl- solns of Sn; SnC1
4 

appreciably 
volatile. (Also SbC1

3
, SnCI

3
, etc.) 

A black residue replates out on '\?1e dissolving Sn , sometimes 
necessitating 0. mechanioal agitation of the Sn surface. 

InS.., ppts properly only ut ( .05 N HCI, however, it is purtially 
co-~recipituted ut higher acidities with other sulfides of the 
Sn o.nd Cu groups. 

In(oH)3 is peptized by fixed alkali hydroxides but reppts on 
boiling. It is very slightly amphoteric. 

Do not use Pt crucible for ignition as Sn metal is produced which 
ulloys badly with Pt. Porcelain orucible should be used. 

Sn0
2 

difficult to' dissolve ufter igniting,has been found to go 
into HCI soln after fusion with Na2C03 (anhyd.) in Pt crucible. 



CHEMICAL SZ'PARA TrONS 

Element separated: Tin 

Target mo. terial: Sb. (N .5 gm metal) 

Type of bbdt: 184" a and D2 

Yield: 50% or groater 

~grGe of purification: At least factor of 100. 

Procedure: 

50-3 

Prooedure by: Lindner 

Time for sep In: IV 1 hr. 

Equipment required: Lusteroid 
tubes, centrifuge, cones, 
taIl:l{ S02' H20 

(1) To the target add 15 drops 27 N HF in lustoroid tube in hot water 
bath. Add conc EN0

3 
dropwise until disso1vod (10 min.) Dilute 

to rv 20 mI. 
20 

(2) Add/mg each Te, Sn~ In, Cd, Ag, Pd, Ru, 1.10, Y carriers as soluble 
salts. Add 2 drops cone HCl. Centrifuge. 

(3) Divide supn into tv/o equal parts. 

(4) Evaporate one part to near-dryness. Cool, add 20 ml 3 N HCl. 

(S) Boil the, supn to expel S02' add 5 ml H20. 

(6) Saturate hot with H2S until SbZS3 pptn complete. 

(7) Evaporate the supn to near dryness. Take up in 15 ml 1 N NaOH. 

(8 ) 

(9 ) 

+++ ++ -Add 2 mg In and 2 mg Cd to the supn containing Sn03 • Centrituge. 

Neutralize the supn dropwise with cone. H2S0
4

, make 0.3 N in 
HCI, saturate with H2S. 

(10) Dissolve the SnS
Z 

in 2, ml cone He1, boil to expel H2S and 
dilute to 12 mI. Reject any undissolved material (Sb). 

(ll) Add 2 mg Sb+++carricr to the sn+4 solution and saturate with H
2
S. 

(12) Eoil to expel HzS, malce 0.3 ! in HCL R€l-satur~te with H2S. 

(13) Dissolve SnS
2 

in minimum HCl. 

(14) Evaporate an aliquot to dryness. Take up in 10 ml 16 ! EN03, boil 
to near-dryness, repeat several times. Filter. 

(15) Transfer the Sn02.xH20 p~t to a crucible. Ignite I hr to 3.n02 and 
weigh. 

8/18/49 
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50-4 

CHEMICAL SEPARAT IONS 

Element separated: Tin Procedure by: Newton 

Target nnterial: Thorium metal (.1-1 gm) Time for sep'n: 1 l/Z hrs. 

Type of bbdt: 60" a's Equipment required: Standard, 
tank HZS 

Yield: AI 55% 

Degree of purification: 10
5 

to 10
6 

(NH
4

)?SiF' 
Procedure: The Th metal is dissolved in cone HCI + a few drops .2! sol"'uti& / 

to clear up black residue. The HCl is diluted to 2 N and an aliquot 
taken. 

(1 ) 

(2 ) 

(3) 

+4 
To sam;?le add :20 ug 8n carrier in 2 N IDl. 
to 10 ml and 1 N in Hel. Heat and pass in H2S. 

Dilute solution 
Ppt Sn8 2• 

Dissolve SnS in I ml cone HCl. Boil out H28. Add 10 mg 8b 
carriGr. rfu~e solution 2-2.5!HCI, heat and pass in H28. Keep 
hot (if cooled 8nS

2 
ppts). Centrifuge off 8b2S

3
• 

Add 1 ml N NH
4

0H to supernate from 2. 
ppt 8n8

2
.-

Heat and pass in H28, 

(4) Dis so I ve 8n8 2 in eono nCl. 'dilute, boil out HZS. Add 5 mg each 
'Ru, Zr, Cb. Cd and Fe. Add 6 N NaOR unt i1 qUl. te bas io J ppt hydr­
oxides. Add more Fe and centrifuge down on top of first hydroxide 
ppt. 

(5) Make supernate acid, pass in H2S. Ppt 3n82 • 

(6) 

(7 ) 

(8 ) 

Remarks: 

Repea t 8b scavenging in (2) and (3). 

Dissolve 8nS
2 

in conc ENOS. Add three drops (N 2 mg) Ru carrier,' 
1 gm NH4N03 tso1id) boil until Sn02 ppts. 

Filter wi th aid of filter puper pulp and ignite to Sn0
2 

in a 
por,celain crucible. Weigh and mount as 8n0

2
• 

This moti1od has been described previously (Phys. Rev. ~. 17 (1949). 

To standardize Sn carrier: To 5 ml (50 rug) 8nC1
4 

solution add excess 
NH

4
0H. Centriilii".c and wash ppt onco VIi th H20. Re-oen trifuge. Dissolve 

pp-ein ENOS' boil to ppt H28n03• Filter ana ignite to 8n0
2

• 

8/23/49 
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51-1 

CHEMICI,L 8 EPI.H.''l. TIONS 

Element sopnrnted: l\n~~~ny 

Target ma tcriG.l: t.I"\ 1 g Bi metal 

Procedure by: Gocckerrno.nn 

Time for seprn: If) 1-3 hrs. 

Typo of bbdt: 184: 11 0.11 purticlos Equipment requirGd: Centrifuge, 
tubes, HCl tank, electrolysis 
setup, H2S ta.nk, 802 tr.nk 

Yield: Variablo, loVi for procedures 1 & 2. 

Degree of. purific!:1.t ion: Unsn tisf~ctory for bismuth bbdt. 

l,dvnntaGes: Procedures 2 &; 3 will probnbly work for other bbdts. No.2 
is fast and may be good with 1-2 me; carrier. 

Procedure: Target dissolved in 6N HN0
3

, 

No sntisfactory procedure was found but tho. follovving three were tried. 

(1) 

(2 ) 

(3 ) 

Procipitations of Sb205 with fuming HNOS' distillntions of SbCl~ 
fron H2~O.1 in o.n HCI s tre~m •. prec~pi tatlons of Sb2S3 . f:om ~ot 3,! Hel; 
separa·tlons of AsCl

S 
by dlstllla.tlon, and As

2
S

3 
prOclpltntlon. 

Precipito.tions of Sb
Z

0
5

, electrolysis of SbH3 fron 6! HzSOL1 with 
a Pb co. thode, reaction of Sblt

3 
wi thAgN0ssolution. toprcp ipi to. to 

SbAgS' reaction of Ag
3

Sb with Hel to precipitnte Ag and AgCl to 
give SbC13, scavenging with Ls

2
SS' precipita.tions of Sb2SS from 

hot 3N HCI. 

o 
Precipitations of Sb

2
0

5 
and Sb

2
8

S
; scavenging with As 2S

3
, 1,fuSS' Te , 

Fe (OH)3 from KOH solution, un.d B12BS from K28 solution. 

Rerno.rks: Procedure I is difficult c.nd purity wns unsntisfnctory. No. 2 
ga.ve poor yields v;i th 10 mg cnrrier- Sb

o 
deposi ted 0~5 the Pb cc-thode. 

No.3 is slow, should clenn up the Sb but didn3t. Sb extracts well 
into isopropyl ether from 6-9N HCl but not Sb+ • 
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51-2 

CHEMICLL SEPARt\TIONS 

Element scpo. rc. ted: Antimony Procedure by: Newton & 
McDonell 

Parent material: Tin Time for sepln: 2 hrs. 

Pilking procedure (Sb from low energy Equipment required: centri­
fuge, hot pInta, glasswa.ro p,d, or n produced Sn activity fractions) 

Yield: 60-80% 

Degree of purification: 4 At least fuetor of 10 from So. 

Procedure: 

(1 ) 

(2) 

(3 ) 

(4 ) 

Rennrks: 

To 0. 3-4 N HCl soln of the Sn, a.dd' 10 mg Sb+++ ca.rrier (1). Add 
iron powder to excess (hydrogen evolution), hoa.t with stirring, 
ppt Sb mota.l (bla.ck). Filter -by vncuum through sintered glass 
filtering crucible. 

Dissolve Sb in aqua. regia, dilute to 1 ! acid, pa.ss in HZS and 
ppt Sb2S3 + S •. Dissolve tho sulfide out of the sulfur \nth cone. 
HCI (vvurming a.nd stirring). Dilute to 3 N HCl hea.ting to expol 
H2S if Sb2S3 roppts on dilution. Centrifuge, decant. 

Add 10 mg Sn+4 carrier to filtrate. Hea. t in boiling water bath, 
pa.ss in H S to saturation, ppt ora.nge Sb2S~. Centrifuge hot,decant. 
Di~solvo §b2S3 in conc. HCI. Dilute to 3 ~ HCl. Repeat step (3) 
twlce more. 

Sb2S~ mounted after thorough washing with distilled water on small 
watcfiglass or o~25ilter pa.per by suction filtration, followed by 
gentle hoating. .' . 

(1) Indium may be scavenged out of this milking by a.dding 10 mg In 
carrier to initia.l Sn solution (step 1), repeuting the Fe reduction 
if the amount of In a.cti vity present warrents it. 

(2) The Sb sulfid9 should not be relied upon for a.ccurate yield deter­
mination. 

8/12/49 
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/ 

51-3 

CHEVITCLL SEPARil.'1'IONS 

Element separated: A.nti~o& Procedure by: Lindner 

Target material: Antimony (N .5 gm inetal) . Time for seprn: 1-2 hours 

Type of bbdt: 184" a. and D2 Equipment required: 
Lusteroia tubes, centrifuge, 
cones, tank 8°2 , H28 

Yie 1d: tV 75% 

Degree of purification: At least factor of 100 

Procedure: 

(1) To the target add 15 drops 27 N HF in lustcroid tube in hot water 
bath. Add conc HN0

3 
dro~/ise until dissolved (10 min). Dilute 

to No 20 ml. 
20 

(2) Add/mg each Te, Sn, In, Cd, Ag, Pd, Ru, lID. Y carriers as soluble 
sa Its. Add 2 dro ps cone nCI. Cen tri fuge • 

(3) Divide supn: _ . into two equal parts. 

(4) Evaporate ohe part to near-dryness. Cool, add 20 ml 3 N HCI. 
Saturate with 802 gas 10 minutes. Te ppts. 

(5) Boil the supn to expel S02' add 5 ml H20. 

(6J Saturate hot with H
2

S until Sb
2
S

3 
pptn complete. 

(7) Wash ppt with 2 ! HCl sat'd with H2S. Dissolve in 5 ml cone HCI. 
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 H
2
S and repeat cycle. 

(9) Dissolve the Sb
2
8

3 
ppt in 2 ml conc. HCl. 

(10) TTeigh aliquot of sample as Sb2S3~ 

8/18/49 
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CHEMICAL SEPARATIONS 

Element separated: ~timony 

Target material: Th 

Type of bbdt: a. fission, 60" 

Yield: ° - 25% 

51-4 

Procedure' by,: Newton 

Time for sep rn:Several hrs. 
1-2 hrs. attention 

Equipment required: electro-
lysis cell ' 

Degree of purifioation: 106 as claimed by Wilkinson 

Procedure: The Th meto.l is dissolved in conc. HCl ... a few drops Df .2 M 
solution of (NH4)2SiFs to clear up the blo.ok residue. The HCI is 
diluted to 2 Eo ana an aliquot to.ken. 

(1) Add 10 mg Sb carrier. 

(2) ~,hke 2 N in HCl, pass in H2S,ppt Sb2S3" 

(3) Wash Sb2S3~ 

(4) Dissolve in conc. H2S04 + few drops HN03,fume. 

(5) Dilute, mo.keN4 !H2S0
4

" Electrolyze to lead cathode from Pt anode. 
Collect SbH

3 
in AgN03 • Ppt SbAg3• 

(6) Centrifuge and wash Ag
3
Sb. 

(7) Treat ppt with 1 N HCI to dissolve Sb, residue Ag + ASCI. Centrifuge. 

(8) From Sb sol. in I! HCl ppt Sb2S
3

• Wasg three times with 5 ml H20, 
three times with 5 ml EtOH, dry at 110 and weigh. 

Remarks: 

(1) The less Sb co.rrier 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 SbAg
3 

ppt in AgN03 solution. 

(3) If SbH
3 

evolution cee.ses, more co.n be brought over if leads are 
reversed for a while to decontaminate the lead and then re-reversed 
to mci(e Pb the cathode again. Eventually this procedure fails. 

In step (1) :mD.ke sure the Sb carrier and tracer exchan£;c. One way to 
insure exchange is to oxidize the Sb wi th Br2 to the +5 stnte o.nd then 
reduce it to tho +3 state with hydrazine before precipitating the 
sulfide. 

This prooe6p.le has been described previously (Phys. Hev •. ??., 17 (1949)). 

8/11/49 
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CHEMICAL SEPARi\. TrONS 

Element separated: To (V)100 c/m) 

To.rgctmntcrio.l: I ('-11108 c/m) . 

Type of bbdt: l:Iilking experiment 

Yield: '...r. 80% 

) 

52-1 

Procedure by: Marquez 

Time for septn: 3~4 hrs. 

Equipmont required: 
Centrifuge tubos. 

Degree of purificution: 4 9xtns give a ~sumplo wi th v\ 300 c/m To .& o.pprox. 
100 c/m 1. 

Procedure: 

(1) Add to the r- solIn, 10 mg Te carrier as ~a2Te04' acidiflY with 
E2S04 until brown color of I and add N02 to oxidize to I2 " 

(2) Extract the 12 with equal' volume CC1
4

• 

(3) Add soveral times more 1- and extract the 12 with CC1
4

• 

(4) Ppt Te by bubbling in S02 gas. 

(5) Repeat the cycle by dissolving To in conc. HN03, adding I-, etc. 

(6) Centrifuge the Te ppt D.nd filter. 

(7) Plute cnd count as To. 

Ronnrks: 

The To ppts seem to ca.rry ea.ch time a littlo bit of I uC~ivity. It 
requires several cycles to got it pure. 

7/27/49 
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52-2 

CBEMIC.:.L SEP;~Rl.TIONS 

Element separated: Tellurium Procedure by: Goockor~nn 

Target na tcria1: V'\ 1 g Bi metal Time for sopln:~,l hr. 

Typo of bbdt: 184 11 all particles Equipment required: Centrifuge, 
tubes, ice, SOZ tank, 110

0 

oven 

Yield: V\ 60% 

Degree of purification: Docontamination factor~104 from fission and spal­
lation products. 

Adwntnges: Fair yield of pure To, fairly rapidly. 

Procedure: 

(1 ) 

(z) 

(3) 

(4 ) 

(5 ) 

To aliquot of HIW
3 

801 'n of tarbet add 10 mg Tv Md Se 
concentrated HBr, boil nearly to drynoss a few tines. 
residue in 10.ml concentrated HOI, add Se, precipitate 
s02 in an icc bnth. 

and 
Ta.ke up 
Seo with 

Dilute to 3N HCl, hent, nnd precipitate TeO with S02' oentrifuge 
wi th ae roso T. W'nnh with HOI. 

Dissolve Tea in a few drops HN0
3

, evaporate excess acid, dilute 
to 10 ml, ndd 6N NaOH dropwiso until HZ Te03 precipi ta to forms 
and thon redissolves, 10drops excess. Scavenge with l-Z me Fe(OH)'Z-. v 

M,'1.kc supernn tnnt 3N in HCI and precipi tnte Teo. 

a T 0 () Repent So, 0 I and Fe on 3 procip.i tations severul times. 

(6) Filter lust Tea precipitate, wash throe times with 5 ml H20, threo 
times ~ith 5 ml CZH50Ho three times with 5 ml ether, dry 10 min. 
at 110 C •. WeiGh as Te • 

Remarks: The ewp. with HBr volo.tilizes ScBr'l' Rh carries 1./'\ 25% on Tea 
but the Fe (OH)3 pptn removes it. If NIl3 is used in place of the NaOH. 
cons idcro.blc loss of To in the Fe (OH)3 scavenge may result. 

7/29/49 
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CHEMICAL SEP.ARA TIONS 

Element separated: Tellurium 

Target material: Sb (N.5 gm metal) 

Type of bbdt: 

Yield: 90% 

184" D & (t 
2 

Degree of purification: At least factor of 100 

Procedure: 

52-3 

Procedure by: Lindner 

Time for sep'n: rv 1 hour 

Equipme nt required: 
Lusteroid tube, centrifuge, 
cones~tank S02 

(1) To the target add 15 drops 27 N HF in lusteroid tube in hot water 
bath. Add conc. HNOs dropwise-until dissolved (10 min). Dilute 
to ,-..,.I 20 ml. 

20 
(2) l~dd/mg each Te, Sn, In, Cd, Ag, Pd, Ru, Ho, Y carriers as soluble 

salts. Add 2 drops conc.HCl. Centrifuge. 

(3) Divide supnl into two equal parts. 

(4) Evaporate one part to near-dryness. Cool, add 20 ml 3 N HCl. Sat­
ura te with S02 gas 10 minutes. Te ppts. 

(5) Wash the ppt with water and dissolve in one drop cone. ENOs. 

(6) Add 15 ml S N HCl, 1 mg each, Sb, Sn, In, Cd holdback. Saturate 
wi th S02 gas-: 

(7) Repeat steps 5 & 6. 

(8) Wash the ppt and weigh as Te. 

8/18/49 
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52-4 

CHEMICAL SEPARATIONS 

Element separated: Tellurium Procedure by:' Newton 

Target material: Thorium metal (.1-1 gm) Time for sepln: f\) 1 hour 

Type of bbdt: 60" als Equipment required: tank 302 

Yield: V\ 80% 

Degree of purification: If) 106 

I 

Procedure: The Th me tal is dissolved in cone HCl + a few drops of .2 N 
solution (Im4-)2SiF6 to clear up black residue. The HCI is diluted to 
6 ! and an aIiquot taken. 

(1) To sample add 10 mg Te and dilute to S N HCI. 
with SOZ~ 

o nea t and ppt Te 

(z) . 

(3 ) 

(4) 

Dissolve Te in 6 ! Hl~03' Add 10 ml conc nCl. Evap to rid of 
~0!3' Repeat evaporatJ.on. Dilute to S N nCl and ppt Te again 
vn th 8°2 , 

Dissolve Te in 6 ! Hl~OS' Evaporate and dilute to 10 mI. Add 6N 
NH

4
0H dropwise until HZTe03 ppt dissolves. Then add 10 drops 

excess. Scavenge twice with 5 mg Fe+++. Make 3 N in-HCl and 
ppt Te with 80

Z
" Repeat Te pptn(step 2} •. :. 

Filter final Te ppt. Wash three times with 5 ml l!20' three
o 

times 
wi th 5 ml EtOH and three times with 5' ml Et

2
0. ury at 110 and 

weigh as Te. . 

Remarks: This method has been described previously (Fhys. Rev. ~. 17 (1949). 

o 
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. HN0
3 

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 conc 
HOI. ~vaporate to a volume of 2-3 mI. Ldd 10 ml more HOI and 1'e­
evaporate to expel RNO

S
' Take up solution in 1 liter of 3 M HOI. 

Filter if not clear. 

Standardization: Take 5 ml carrier in 125 ml erlenmeyer. Add 40 ml 
5 11 HCl. Heat nearly to boiling. Saturate with 802 until Te is vlell 
coagulated. Boil gently for 1 minute •. Filter onto a sintered glass 
crucible, wash three times wi th not ~o. three time s with 95~~ EtOH, 
three times with EtZO. Dry at 110

0 
for 10 minutes. 17eigh. 

8/19/49 

P-18-250 



Eloment separated: 

Target mo. terial: 

CHEMICAL SEPARATIONS 
- == 

I ( ... ,,10-6 barns cross 
section) 

3n ("" 1 gm) 

Type of bbdt: 184" <l & P 

Yield: 70-80% 

53-1 

Procedure by: Marquez 

Time for sep In: 50 min. 

Equipment required: 
100 cc distillation flask 
separatory funnels 
centrifuge tubes 

Degree of purification: Less than 1% impurity in final I samplo. 

Advantages: Fast. ]hkes possible sepln 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 rol cone. H2S04; (H2S04 should be cold) to dissolve theSn. 
Dissoli!c Sn 

(3)/ .nnd dictill s~multancouslYf collecting I2 in O.S-l! NaOH soln. 

(4) Acidify with ;'S04 until iodine turns brown and oxidize with mro2 , 
(No.N0

2 
in ucid ·soIln). Extract with equal volume CC1

4
, 

(5) Wash 1- into ~hOH sol'n. 

(6) Repeat NaOH-CC1
4 

cycles asmo.ny times as wished. (Three .oycles 
gave purity listed above.) 

(7) 

(8) 

(9 ) 

ROllll1rks: 

Aoidify last NaNI sol'n wi th H
2

S0
4 

and reduce with 802 gas •. Blow 
air through soln to expol most of S02' Add xs AE:;+ ana a few 
drops of conc. ENOS' 

Heat in "vater bath and filter. 

Pla to and count as l~gI. 

Most of the loss in this procedure comes in the distillation proce~s. 

Icc cold H
2
S0

4 
used in (2) to alloVl assembly of distillation apparatus 

before solution of target starts. 

S02 soltns can bo used to collect the 12 from tho distillation. The 
sol 'n is then oxidized with m~02 and tho I2 extro.cted wont equal 
volume of CCl

4
• The I 2 washoQ out of the or~o.nic layer into S02 solIn 

and tho cycle repeated. This SO procedure is troublesome in tho 
exp~riment above because the sol~n develops a gas pressure dj.lring the 
extractions. . 

7/27/49 
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53-2 

CHEMICAL SEPARATIONS 

Element separated: Iodine Procedure by: Marquez 

Target material: 8b p 500 mg). Time for sep In: N 40 min. 

Type, of bbdt: 60" a. particles Equipment required: 
100 distillation flasks 
sep funnels & cent tubes 

Yield: 8010 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 :rlli0

3 
to distillation apparatus. 

Distil and collect 12 in 0.5-1 N NaOH. (2 ) 

(3 ) Acidify with H
2
S04 until iodine turns brown and oxidize with HN0

2
, 

(NaNOZ in acid sol In). Extract with equal volume 001
4

, < 

Wash I- into NaOH solIn. 

(5) Repeat NaOH-COlli cycles as many times as wished. (Three 'cycles 
gave purity listed above.) 

(6) Acidify last NaOH solIn with ~S04 and 
air through scln to expel most of SOZ' 
drops of conc. HN0

3
• 

(7) Heat in water bath and filter. 

(8) Plate and count as AgIo . 

ReI!lJlrks : 

reduce with 802 gas. 
Add xs Ag+ ana a few 

Blow 

IIlost of the loss in this procedure comes in the distillation process. 

Ice cold I-IN03 used in (1) to allow assembly of distillation apparatus 
before solutlon of target starts. 

SolIn of Sb in aqua. regia. interferes with 12 extln. 

An I- sample could be obtained in 15-20 min. by ppting the AgI directly 
from the dis"billate of (2). The radioactive purity of the sample, 
how'ever, will not be as high as above. 

so solIn can be used to collect the I from the distillation. The 
so~tn is then oxidized with RNa and tfie I Z extracted with equa.i volume 
of 0014 , ,The 12 v{O.shed out of the 0 rganic layer into S02 solIn and the 
cycle repeated·. (Seo[);:3-l).: " 

8/4/49 P-18 .. 135 



53-3 

CHEMICAL SEPl:..R.\TIONS 

Element sep~r~ted: Iodine Procedure by: Goockermnnn 

'furget mn. torio.l: VII g Bi. mct~l Time for sep'n: tJ)2 hrs. 

Typo of bbdt: 181 i
' ~ 11 particles Equipment required: Distilln­

tion flask, centrifuge, 
tubes, icc, 1100 oven. 

Yield: npprox. 40% 

4 
Degree of purific::'.. tion: Decontruninc.tion f~ctor .>10 from fission nnd 

sp~ll~tion products. 

Adwnt~gos: F~ir yield of pure I with little if nny non-excho.nge trouble. 

Procedure: 

(1 ) Plo.ce tnrget in gl~ss still, o.dd 10 mg r- ~nd 10 ml 6N lINO , wnrm to 
disso Ivo. lThen entirely dissolved, distill over the 12 o.n~ 0. . 

few ml HN0
3 

into H20 in ~n icc bath. . 

(2 ) . Reduce 12 with ~ minimum of N~HS03 in the cold, ~djust, to 0.5! 
HN0

3 , nda n rew drops O.l! No.N0
2

, o.nd extrnct 12 into ~n equ~l 
volume of OC14 • Extrc'<ct o.queous with second portion CC1

4
• Wush 

CCl
1 

with dilute HlJO
S

• 

(3) Sh~ko CCl~ with 10 ml H
2
0, ~dding NuHS0

3 
until both phnses colorless. 

W~sh uqueaus with CCILl • 

'" 
Repent extruction cycle severnl times. 

Vab:: lust nqueous 1- solution 0.5! in HN0
3

, h~:)Ut to boiling, ndd 
2 ml O.IN AgNOs ' digest, filt~r, wr:.sh. three times with H

2
0, three 

tiT.1CS with 5 mI C
Z
H

5
0H, three times with 5 nl ether, dry 10 Llin. 

nt noo O. 110igh o.s il.g1 (18.50 mg per 10 mg I). 

Remnrks: Active iodine formed a.s periodute my not exchcnge with the c~rrier 
by this mothod, ~l thour!:h the I yidds were not ubnorrnc.lly low. Reducing 
condition prob~bly prevail during dissolution of the to.rget. 

7/29/49 
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CHEMICAL SEPARATIONS 

Element separated: Iodine Procedure by: Newton 

'Target material: Thorium metal (.1-1 gm) TimG for sep In: 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 Hel + a few drops .2 M sol'n 
(NH

4
)ZSiFn to cleo.r up black residue. The HCl is dilutGd to 2-N and 

. an ahquot taken. 

(1) Add sample to 10 ml 2 M Na2COg «(~) Add 20 mg I- in 60 ml sep 
funnels. Add 2 ml 2.SYo NaOCI (3~eatl1J ACidify with 3 ml 
conc riNO

S
' add 3 ml 1 M NH20H.HCl Extract vlith 10 ml CC1

4
• 

(2) Shake with 10 ml H
2

0 containing a fow drops NaHSO
S 

until both 
phases colorless. . 

(3) To water add 1 ml 6 ! HN03 and a few drops of 1 11 NaN02 • Extract 
into CC1

4
• 

(4 ) 

(5 ) 

Remarks: 

(1 ) 

(2 ) 

(s) 

Repeat (2). 

Add 1 ml 6! HNO. Heat to boiling. Add 2 ml 0.1 EAgN03~ Stir 
and digest. Fil~er on tared filter paper. nash three times 
with 5 ml EZO; three times with 5 ml EtOH and three times with 
5 ml Et20. Dry at 1100 .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 104-' Solution must be heated. preferably boiled 
5 minutes for complete exchange to occur. 

Reduce 10
4

- to 12 , 

This lOOthod has been described previously (Phys. Rev. ~ 17 (1949». 

Preparation of carrier solution: Dissolve 13 gms KI ,in '\vatGr 
conta"iningatrilceof NaHC0

3
• Dilute to one liter. 

Standardizo.tion.: Take 5 mlcarrier solution in beaker. Add 50 ml 
H20 and 1 ml 6! HN03 , Heat nearly to boiling and add 5 ml 0.1 !HgN03 vnth stirring. Digest 1 minute. Filter into a sintEi,red glass crucible, 
wash three times with HzO. three times with 95% EtOH. Dry a.t 110° C a.nd 
weigh as Ae;I 

8/23/49 
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55-1 

CHElJIC.AI., SBPARATIONS. 

.Element separated: Cesium Procedure by: Goeckermann 

Target material: vII g Bi metal Time for sep'n: Several hrs. 

Type of bbdt: 184 11 all r:articles Equipme~t required: Centrifuge, 
tubes, small Pt dish, ice, 
1100 oven 

Yield: Cs ,/\40% 

Degree of purification: Cshad impurity which was probably Rb. 

Advantages: Supposed to give Cs pure of all ele~ents & separate it from Rb. 

Procedure: 

P-18 .. 65 

(1) 

(2 ) 

(3 ) 

(4: ) 

To aliquot of ENO soln of target, add 20 mg Rb & CS & 5 ml conc. 
HCIO. Evap. to turning, cool, transfer to cent tube with 15 ml 
absoiute EtOH. Cool in ice bath 10 min. with, stirring. Wash ppt 
twice VIi th 10 ml absolute EtOH. 

Dissolve in dilute HCl &: scav with Te, Ru, Sn, Sb, & Ag; sulfides 
(2 mg each) by adding H2S. 

SCo.v vlith NH3 pptn of La, Ce, Y. Zr, &. Cb (2 me each). 

Scav with Sr e. En carbonates (4 m ..... ) 

(5) AcidUywith HCl, repeat (2). 

(6) Repeat (3). 

(7) Scav with La(OH)30 

(8) Scav with Sr & Bacarbonates & Y, Zr, & Cb hydroxides. 

(9) Acidify with HCl, evap to dryness in a Pt dish, destroy NH
4

Cl by 
adding a few drops HN0

3 
and baking carefully (do not overheat or 

Cs may be los t) • 

(10) Dissol va in a minimum of H
2

0, transfer to a cone .3: cent out any 
reSidue, evap to dryness in the cone. Add 6 ml H2PtC1 6 &: 6 ml 
EtOH, wash Rb & Cs chloroplatinates with EtOH. 

(11) Dissolve in HCl & repeat Te sulfide scavenging. 

(12) Repeat NH3 pptn of La & Fe hydroxides. 

(13) Repeat Sr & En carbonate scavo . 

(11) Acidify wi th HN03 , add HCl, evap to dryness. bake off ammonium 
salts carefully again. 

(15) Os - Take up residue in 20 ml 6 N HCl, add 1 ml silicotungstic acid 
soln &: digest. (Save this supn .-for Rb fra.ction). 



Page 2 (55-1) 

Wash twice with 5 m1 6 N HC1 (discard). Dissolve CS si1ico­
tungstate in di1 NaOH, add 20 m1 6 N HC1 & discard yellow ppt. 
Add 1 m1 silicotungstic acid soln, digest, filter, Vlash with 
6 N HCI. three times with 5 ml acetone, dry 10 min at 110

0 
'C. 

WeTgh as CSaSiWlZ042 (37.3 mg per 10 mg Cs) -- standardize the 
Cs carrier Solutlon by the same prooedure. 

Remarks: Noyes & Bray recommend ppting the Rb o.way from the Cs vd th sodium 
6-ch10ro-5-nitroto1uenemeto.sulfonate, which we now ho.ve on hand, & then 
ppting the, Cs silicotungstate. This may give better Cs-Rb separation. 
It may be better to weigh the Cs as CSzPtCl s after purification is 
oomplete. It has been al1eged that 2B1I

3
0 3CsI pptn is specific for Cs. 

I tried the pptn of Rb a'way from Cs ,1ith cold sat. sodium bitartrate 
but the results were very poor. More Cs silicotungstate pptns with 
Rb holdback present would probably give clea.n Cs. 

The fuming of HClO 4 can be done eas ily in 40 ml pointed centrifuge cones. 

For Rb sep'n from same tnrget see (37-1). 

7/12/49 

P-18-66. 



55-2 

CEEIvITCAL SEPARATIONS 

Element separuted: Cesium Procedure by: R. W. Fink, 
D. G. Ka. rrakc r 

Target ma.toriul: ~TH4I . Timo for sep'n: 45 minutes 

Type of bbdt: 60 Mev a-particles for 
one to four hours. 

Equipment required: 
porcelain dishes 
pipettes 
centrifuge 

Yie Id: V'l40% 

Degree of purification: Excellent, factor of .J-. 10
6 

from uctivity present 
except alkuli metals. 

Advnntur;cs: Good radiopurity ulthoufh yiold is low dUe to CsCl vo1o.tility 
in stop (2). 

Proccdur-.: : 

(1) NH4I target dissolved in sma.ll :volume (J) 3 cc) (1:1) HCI, a few 
drops cone. HNOs ndded, and 20 mg of Cs cnrricr added. Soln is 
boiled in porcoIain dish to expell volatile radioxcnons, etc. 

(2) Hesiduo, after cvap. to dryness, is ignited to disappcnrunce of 
12 and ummonium suIts, but not hot enough to volatilize excessi va 
Cs. 

(3 ) 

(4) 

(5 ) 

(6 ) 

Remarks: 

The residue is then talcen up in (1:1) HNO , a drop of (1:1) HCl 
added and pptd thrice with 0. fmrv drops OJ-N AgN0

3 
to scnvange for 

uny remaining halogen (iodine) impurities, 

To the remaining so In is added 0. few drops To carrie r and then 
excess Sn.C1

2
• This ppts Te and anyradiotollurium. (In omitting 

the tellurium. step, no chnnc;e was noted, indico:\;ing Te vms not 
formed. ) 

Tho remaining soln is made ulkaline with conc. NH 1 0H and FeOl
S soln addod dropwisc to ppt F~ (OII)3 twice. ,-

The final so In .conto.ins radiocesj,um in pure fonn. 

(0.) Any ::tlkali meted, c.g., lira, JC, Rb, will not be scpnrated, but 
",:i.11. r.';::o;).1' 1"'jth -the fino.l cesium 801:1,. 

(b) Step (2) rosults in c. loss of o'rcr 50~;~ of the Cs b~r voIntilization, 
if the temp. is too hir-h. The minimum temp. consistent wi th decom­
posing and expelling ammonium salts should be used. If H

2
S0

4 
is 

used in place of HOl, the vola.tility will be reduced consldera.bly. 

7/12/19 
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CHEMICAL SEPARATIONS 

Element separated: Cosium 

Target mo. terial: NH4 I 

Type of bbdt; 60 ~~v a.-pnrticlos for 
one to four hours 

Yield: .,. 95% 

55-3 

Procedure by: R. rr. Fink 

Time for sep'n: SO minutes 

Equipment required: Iodine 
Sub lima tor 

Degree of purification: Factor of at least 5 or 10.Good enough for 1l1D.SS 

spectrograph work. 

Advantages: Full yield of carrier-froe radiocosium for mass spectrograph work, 

Procedure: Special method for currier-froe, high ncti vity samples for the 
mo.ss spectrogra~h. 

(1) llli4 I target is placed in 0. sublirrn tor togothc r wi th 0. few drops 
0.3 - N H

2
S0

4 
and conc. HNO

S
' CO

2 
snow is packed into tho co1d­

finger, and 0. low vncuum is pulleo. Heat is then o.ppliodto tho 
NH4I, which decomposcs and condenses on the cold-finger. 

(2) The liquid is boiled until colorless. indicating compl etc volatili­
zation of 12 and decomposition of NH4I. Tho 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 

Remarks: 

(0.) Any nlbl i metal, e. g. J Na., K, Rb :'1ill 0. ppear with tho Cs. 

(b) For mass spectrograph work, the sol'n is used as it comes from the 
sublimo.tor directly. 

7/12/49 
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55-4 

CHElnCAL SEPARA TrONS 

Element separated: Cesium Procedure by: Folger &: Hicks 

Targetmnteriul: '" 4g U metal foil Time for sepln: Several hrs. 

Type of bbdt: 184" 0.11 high energy particles EqUipment required: Centrifuge, 
tubes, ic~, 1100 oven 

Yield: CsV"60% 

Degree of purification: Smnll nmt of soma impurity detec~0d by menns of Al 
ubs. Decay curve shows pure Os for", 3 hlllf-li'V'~s. 

Advuntuges: Supposed to give Cs pure of all clements &: separate it from 
Rb. 

Procedure: 

P-18-96 

(1 ) 

(2 ) 

(3 ) 

(4 ) 

To 0.1 iquot of HN03 soln of to.rgot, ndd 20 mg Rb &: Cs &: 5 ml conc. 
HOIO. Evo.p. to fuming, cool, trnnsfer to cent tube vrith 15 ml 
absoiute EtOH. Cool in icc bath 10 min. with stirring. rVush 
ppt twice with 10 ml ubsolute EtOH. 

Dissolve in 0.2 N HCl &: SCo.v with AgOl, then Te, Ru, Sn, Sb, & 
Ag sulfides (2 mg ouch) by udding HZS. 

SCo.v with NaOH pptn of Lo., Ce, Y, Fc, Zr, & Cb (2 mg each). 

Sca', with Sr &: Eo. curbonu tea (4 mg) 

(5) Acidify vii th HCl, repent (2), (3) und (4). 

(6 ) 

(7) 

(8 ) 

(9 ) 

(10 ) 

Repeut (3) und (4). 

Add HOlO;1 unc1 evo.p to fuming. T runsfcr to cent. cone 1i/ith 15 ml 
o.bs.EtOH. Cool in ice buth 10 min. with stirring. Wash ppt. 
with 10 ml ubs. EtOH. 

Repeut (2), (3) and (4). 

Repou t (7). 

Cs - Telke up residue in 10 1111 6 N HCI, o.dd 1 ml silicotunGstic 
ucid soln & digest hot. (Suva this supn: for Rb fro.ction). Chill 
nnd centrifuge. 

(11) Wash twice with 5 ml 6 N HCI (discard). Dissolve Os siliootunr:­
stnJee in di!. NaOH, add-lOml 6,!:!HCl &: disco.rd Y0110w ppt. (VIOS)' 

(12) Repent (10) with Rb holdback. Wnsh &: dissolve as in (11). 



55-4 (page 2) 

(13) Add 1 ml silicotungstic acid soln, digest, filter. wo.~h with ~ ! 
HCI, three times with 5 ml acetone, dry 10 min a.t 110 C. lvcnr:h 

'as C~8SFf120 42 (37.3 mg per 10 mg as) -- standardize the Cs 
ca.rrler soIutlon by the sa.m~ procedure. 

Rema.rks: 

(1) Sec (55-1) 

(2) The above procedure is for usc when Rb is desired from the srune 
aliquot. If rubidium is not desired, rcpla.cc step (7) 1::Jy step 
(10) includin~ Rb holdback. Step (8) should be included, but 
stop (9) may be omitted. " . 

Steps (10) through (13) should then follow 
in rogular scqu'ncc, vrith Rb holdback bein€? used in (10). 

(3) If it is desired to count 'a weighed s2.mple, Cs should be weighed 
o.s CsZPtCl6 insteo.d of CSaSiW120Ll2 in order to roduce self-absorp­
tion countl.nr; corrections. In such a co.so add to tho above 
procedure. 

7/28/49 

P-18-97 

(14) Dissolve ppt in minimum·nmt. 1 N NnOII with wo.rminG' Noutra.lize 
keeping volume low. Add 4 cc ~PtCl and 4 cc EtOH~ Digest 
v'f 3 min. with stirring in a.n icc ba.~hJ then loti stand 5 min. 
in icc. 

(15) Centrifugo ~\Ud VlUsh w. 6 cc abs. EtOH. 

(16) Filter. wash w. 5 co o.bs. EtOH, dry in 1100 C OVOn for 5 min. 
Waigh o.s Cs

2
PtC1

6
• 



55-5 ... -.... 

CHEMICAL SEPARA.TIONS . 
Element scparo. ted.: Cesium 

Target ma terinl: Thorium motal (.1-1 gm) 

Typo of bbdt: 6011 a's 

Yield: rv 80% 

DcgNO of purifict;ltion: 
6 10 except from Rb 

Procedure: 

Procedure by: Newton 

Time for sep'n: N 1 ltr'. 

The Th mctc.l is dissolved in conc HCl + c.. few drops of .2 M sol'n 
(NH ) SiF-- to clear up bluck residue. The HOI is dilu.ted to 2 N 

4 26 . 
and un ullquottukcn. . 

(1) In 50 ml beaker + sample add 20 mg Cs, 5 ml HCI0
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 tiIres with 10 ml absolute EtOH. 

(2) Dissolve in 10 ml E20' Add 5 mg Fe and ppt hot with NH
4

0H. Repeat. 

(3) (Option~l) Add drop sat. (NH4)2C03 and 5 mg each Be. and Sr. 
PPt Ba and Sr carbonates. Centrifuge. 

(4) Evaporate supernate to dryness in beaker, flame to decompose N.H4 
salts. Dissolve in a few mls hot H20, add 4 ml HCI0

4
, evap to 

fumes. Reppt as OsOl04' 

(5 ) 
/ 

Centrifuge and Vlash ppt once with abselute EtOH by 
Slurry ppt with EtOH and filter. Hash wi th EtOH. 

o 1-' at 110 O. -ieic::h as CsOI0
4

• 

decantation. 
Dry 10 min. 

Remarks: This Inethod has been previously described (Phys. Rev.!2., 17 (1949). 

!2:eJ'~!.ati0n. __ ~_~A~c.~~e...:_~ol~~~c:E.:. Dissolve 12.7 gms CsCl in 1 liter of 
water. . 

Standardization: .Take 5 ml carrier. Add 3 ml 70% HOI04 " Evaporate 
to dense fumes of H0104• Cool. in an ice bath and add 10 ml absolute EtCH. 
Cool and stir occaSionally for 15 minutes. Filter onto a sintered glass 
crucible. Use 3-5 ml portions of abs EtOH to transfer and was~. Dry 10 
minutes at 110° O. YJeigh as CsC10

4
• 

8/19/49 
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CHEMICAL SEPARATIONS 

Element separated: Barium 

Target material: U or Th or Bi 

Type of bbdt: Fission 

Yield: V\ 100% 

Degree of purification: excellent 

Advantages: Fast and easy 

Procedure: 

56-1 

'Procedure by: Hicks-Folger~ 

Goecke rmann 

Time for sep 1n:30-45 min. 

Equipment required: ice bath 

(1) Take aliquot of HN03 or HCl sol In of target and add Ba carrier. 
If necessary avapora te to less than 1 cc. With tube in ice 
bath, ad'd 10 cc ether -- Hel reagent (ether-HCl reagent - 400 co 
conc. HCI + 80 co diethyl-ether). Stir and digest Z or 3 
minutes to bring down silky appearing B£:\.C128ZHZO. 

(2) Centrifuge, dissolve in 0.5 cc H20, repeat (1). 

(3) Centrifuge, dissolve in 0.5 ec H
2
0, dilute to 7-8 ee, make to 

, pH>lO with carbonate free· ammon~a and scavenge ,twioe with 
Fe (OH)3. 

(4) ppt. BaC0
3 

by adding 3 drops sat Na
Z

C03 , and digest 5 min. in 
hot water bath. 

(5 ) Dissolve BaCOS in 1 co 6! HCl, repeat (1) and (2). 

(6)' Centrifuge, wash with 5 cc absolute alcohol. then 3 portions 
of 5 co ether, weigh as BaCI Z ·ZHZO. 

Remarks:. (2) can be modified by adding double volume of ether saturated 
wi th HCI c;as to BaC12 ·;2H20 dbsolved in H

2
0 und continuing to 

introduce Hel cas until the ppt appears and .the aqueous and 
organic layers become miscible. 

6/25/49 
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56-2 

CHE}.llCAL SEPARATIONS 

Element separated: Barium Procedure by: Goeckermann 

Target me. terial: \1'\ 1 g Bi metal Time for sep'n: 1-2 hrs. 

Type of bbdt: 184" all partic les Equipment required: Centri­
fuge, tubes, ice, vacuum 
dessica tor. 

Yiold: V"tao% 

Degree of purification: Decontaminati~n faotor v\104 from fission & spallation 
products. Ba decontaminated VlIO from Sr • 

. Adw.ntages: Good yield of Ba & Sr I separo.tion from all other elements except 
Ro.. very good se pnration of 3r & Ba from each .other. 

Procedure: 

(1) To aliquot of ENOS soln of target. add 10 rug Sr & Ba, 30 ml fuming 
HN03 , digest cold 1-2 min. 

(2) Dissolve ppt in 2 ml H
2

0 & reppt vlith 15 ml fuming lINO
S

-

(3) Dissolve ppt in 5-10 m1 H20, add 5 rug Fe +3. & ppt Fe (OH)3 with 
tank mrS (COs":" freel) Repeat Fe(OH)3 scavo 

(4) Neutralize supn with 6 ! ENOS' add 1 ml 6 ~ HAc & 2 ml 6 ! 1~4Ac. 
Heat to boiling & add 1 ml 1. 5 g Na2 Cr0

4 
dropwise Vii th stir ring. 

Digest one min. (Save the supn for· Sr fraction). 

(5 ) Be. - ~Ia sh Bn CrO 
add few mr: Sr, i 
rea~ent (5 parts 
2 min, wo.sh with 

ppt vii th 10 ml hot H
2
0. Dissolve in 1 ml 6 111' HC1, 

rcppt BnCr0
4

. Redissolve, add 15 ml ethor-H'rrl 
cone. HCl to 1 part di-ethyl ether), digest cold 
5 ml absolute EtOH containing a fev, drops of HCL 

Dis sohoo Bae1
2 

in 1 ml H
2
0, make just basic with NHs & scav with ;"', 

Fb(On)9.(5 mg). Add 15 ml ether-HCl & roppt BaC1Z' Repeo.t if 
necesg.1ry. Filter last BaC1

2 
ppt, wash three tlmes with 5 ml ether, 

dry in vacuum dessicator - 2 min. evac. release, 5 min. evac. 
Weigh 0.8 BaC1

2
'2H

2
0(17.a rug per 10 mg Ba). 

Remarks: Procedureo.dapted for use when Sr activity much grenter than En. 
Ro. fo110'll"l8 the \ Ba we1~. can be separated from it by use of 0. resin column. 

For Sr sop In from sarno ,to.rgot see 38-1. 

7/12/49 
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56-3 

CHEM1 CAL S:'!.:P Alit T 101iJ'8 

Element separated: Barium Procodure by: R. '7. Fink 

Target material: CsCl Time for sep In: 90 min .• 

Type of bbdt: 85 Hov Protons for 1 hour Equipment required: Standard 

Yield: Sufficient for ross spectrograph "ork. 

Degree of purification: Cesium is persistent, but may be removed in successive 
recyclings. Pure enough for mass spectrograph work. 

Advantages: 

Carrie r free Ba for mas s spectrograph. 

Procodure: 

(1 ) 

(2 ) 

(3 ) 

Target CsCl is dissolved in 2 cc O.l-N HAc, 1 cc NHAAc satrd 
added, and 10 mg. Pb carrier added. K

Z
Cr0

4 
soln. is" then added 

until complete pptn. ~1is ppt. is then washed with 1% NH4Ac until 
free from Cesium. If necessary, the ppt may be dissolved in 
-0.1 - N HCI and repptd. to free it fromCs, 

The Cs-free PbCr0
4 

ppt is then dissolved in I cc O.l-N HCl and exoess 
H

2
S is bubbled in to ppt black PbS and reduce the Cr0

4 
== toCrCl 

(green). 3 

Tho solIn. from (2) containing radiob~rium, is made alkaline. after 
boiling to expoll H2S and rndioargons, and some Fe(Cl)~ added to 
hclpppt. Cr(OH)S' v 

(4) The final, colorless soln. has carrier-free barium. It is convorted 
to the sulfate for mass speo. work. 

Remarks: 

The cesium, being tho target material, is very persistent, and sever~l 
pptns. in step (1) may be needed to froe the barium of it. 

7/12/49 
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CHEIlffICAL SEPARATIONS. 

Element separated: Barium 

Target material: Au foil, about 1 g 

Type of bbdt: Full energy protons. helium 
ions, or deuterons 

Yield: Ba 25% 

56-4 

Procedure by: Lippmann & 
Goeckermann 

Time for sop tn: 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.ges: Sr. Ba. and Ho can all be separated from the samo target 
material. 

Procedure: Dissolve target in hot solution containing 10 mg oach of Sr, 
Ea, and Mo, 5 ml of 12 ! HCI and 5 ml of fuming EN03• Cool solution 
in ice bath and slowly add about 30 ml fuming RN03" Sr(N03)2 and 
Ba(N03 12 precipitate. Centrifuge. 

Dissolve precipitate in 5 ml H20, add 5 mg Fe III, warm in hot water 
bath, and Prlripitate :fe(OH)3~ith 6 MNH40H. Certrifuge. If desired 
add more Fe and centrifuge out FeTOH)3 again. Neutralize super-
natcnt with a few drops of 6 M HC H ° , heat to boiling, and add 2 ml 
of 1.5 ! Na2Cr04 dropwiso. Diges~ Ma~r04 procipitate in hot water 
bath and centrifuge. 

Wash BaCr04 precipitate with 10 ml of hot ~o and centrifuge. Dissolve 
BaCr04in1.ml of 6 !-HCl with heating, add 10 mg Sr carrier, 2 m1 6 ~ 
NH4C2H302, 1 ml 6 ! HC2HS02, heat to boiling, add 2 ml 1.5 ~Na2Cr04 
dropwise. digest in hol; water bath, and centrifuge. Dissolve ffiCr04 in 1 ml 6 M HCl with heating, add 15 ml HCl-ether reagent (5 volumes 
of l2~HCT plus 1 volume of ether), cool in ico bath until BaC12 
pr11tpitates, and centrifuge. Dissolve BaC1 2 in 5 ml H20, add 5 fig 

Fe , warm, precipitate FO(OH)~ with 6 ! NH40H, and centrifuge. 
Neutralize superna tent with 6 ~-HN03' add 2 ml 6 .! NH C2H302, I ml 
6 M HC 2H302, heat to boiling, add 2 ml 1.5 !! Na2Cr04 &ropwise, digest 
inhot water bath. fil tor, wash three times witfl 5 ml H2 0 and throe 
times with 5 m1 alcohol, dry 15 minutes at 1100 e. Wcign as BaCr04• 

Remarks: 

All additions of fuming or concentrated ENOS should be made cautiously: 
they tend to react Violently after a short luduction period. 

8/12/49 
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CHEMICAL SEPAPATIONS 

Element separa.ted: Barium . - Prooedure by: FOlger 

Target material: rJ 3 g U metal Time for sepln: tV 1-1 1/2 hr. 

Type of bbdt: 184" high energy ·partioles Equipment required: Centrifuge I 
cones (50 ml-2 ml), ioe bath. 

Yield: 50-75% 

Degree of purifioation: rJ 103 from other elements - sufficient for mass 
spectrograph or ion exohange oolumn. 

Advantages: Gives good yield of Ra-Ba with only r075 ~g oarrier. 

Prooedure: 

(1) Dissolve target in small amount cone. HN03 (heat if nec2ssary). 
Add 100 pgBa (as Ba(N03 )2 oarrier solIn) and 20 mg Sr+ carrier 

(as ni trate). 

(2) Add fuming h"N0
3 

to make up N 25 ml and chill in ice ba.th for 
10 minutes. Centrifuge out Sr(N0

3
)2 (Carries Ba & ~). 

(3) Dissolve in H20~ transfer to 15 ml oone and buffer with HAc + 
:NI-I4,Ae (1 ml 6 .! HAc and 2 m1 6 ! NH:4Ao or pH 5-6). Add i J 5. rug 
Pc and ppt PbCr?A by add tn of 1.5 ~ Na.,Cr0

4 
to hot sol tn. Hash 

with hot HAc & NH
4

Ac buffer (1 ml to 2wml as above) containing 
1 drop 1.5 ~ Na 2Cr04 " . 

(4) 

(5 ) 

(6 ) 

(7) 

(8 ) 

= to Cr+3 
Dissolve ppt in hot 2 ! HCl, pass in ~S to reduce Cr207 
and dil to 0.2 !, ppt PbS, scavenge wi ~h few mg CuS" 

Boil out H28, make basic with !lli3 and ppt 8rC0
3 

by adding ,2 mg 81' 
and a few arop!': 2 1:l Na2C0

3 
~. . 

Dissolve SrCt"}, in 1 drop 6 ! HCl, boil out CO
2

, buffer with 1/2 
ml 6 N }lAc aDa 1 ml 6 N NH Ac (pH 5-6). Tro.nsfcr to 5 ml cone, 
ad~~ng not mo~e than liml ~20. Heat to near boiling, add minimum 
Pb' to ppt FjCr04 with 1 drop 1.5 ! Na2Cr04 - centrifuge. 

Dissolve Pbcr0
4 

in 1 drop conc. HCl. Transfer to 2 ml cone with 
1 ml HC1-eth8Y' reagen.t. Chill 10 min in ice bath and centrifuge 
out BaC12

8 2H20. Wash with 1/2 ml HC1-other reagent. 

D5.sso1 va in 1 drop H20 and add 1 drop 0.5 ! ~S04' ' Centrifuge 
out Da;:;04 for mass spectrograph. 

or (Sa) DisGo17'3 .in J. drop H"O and add 1 drop 0.5 N NaOH plus 1 drop 2 1\1 
, t:, -, -

j\Tn.')'~I\;:. Cerd:;r:lfu!;"'l l:aCO,.,. :::',!ld dinsolve in 0.1 n Helfor equilibration 
with resin for column rug, ' 
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Remarks: If the target solfn is obtained in large volume, buffer with 
NH

4
Ac until uranium pptts out. Centrifuge and ppt PbCrO~ from 

supernatant (20 mg or more may be required). Remove Pb 15y dissolving 
the chromate in 1-2 N HCl~ passing in HZS, diluting to 0.2 Nand pptfn 
PbS. After H2S has been boiled out, the soltn may be made basic and 
SrC03 ppt'd to roduce the volume. Follow with Sr(N03)2' PbCr0

4 
and 

BaCIZ·2HZO ppt'ns. 

For mass spectrograph work, steps is & 6 IlID.y be replaced by: 

(5-6a) 

(9 ) 

Boil o~t H.,S. Buffer to pH 5-6 and ppt m.in. PbCr0
4 

by add'n 
of Pb + and. 1.5 ~ Ha 2Cr0

4
• Centrifuge. Wash wi th Z drops 

6 !! IllH4Ac. . 

To remove excess alkali salts add: 

Fume BaS0,t!. to dryn.ess to remove any NH 01. Take up in I drop 
0.5 l'l112S04 " C~ntrifuge and r01iJash With 1 drop 0~5 ! HzS04. 

For res~.n col'lmn separation of Sr, Ba, and Ra sec E. R. Tompkins AECD-1998. 
Eluto f.i'\:m 1'6,:;5.n vdth oitrate ati pH 7.5-8.0. 

8/23/49 
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CHEMIC~·l.L SEPARATIONS 

Element scpo. ra ted: Eo.ri um Procedure by: Newton 

Target lllD.terio.l: Thorium metal (.1-1 gm) 

Type 0 i' bbd t: 60" 0.1 phas 

Time for septn: 45 min. 

Equipment required: Standard 

Yield: 90% 

Degree of purification: >10
6 

from all o.ctivities present 

Procedure: The Th metal is disso lved in cone HCl plus u few dro'ps of .2 M 
(NH4)2.SiF6sol In to clear up the black residue. The Hel is diluted -
to z ! una an aliquot taken. 

(1 ) 

(2 ) 

1-5 m1 sample in 50 ml con trifuge tube. Add 20 mg Eo. ++ carrier. 
If total volume is > 5 m1, boil down to 5 ml or less. To cold 
solution add 30-35 ml HCl-ether reagont. Stir 1-2 min 'while 
cooling in ice bath. Centrifuge. V!ash PPt with 5 ml HCl - Et20. 
centrifuge. 

Dissolve ppt in 1 ml H 0, add 15 ml HCl - Et
2

0 to ppt barium. 
Centrifuge and wash wi~h HCl - other solution. 

(3) Repeat (2). 

(4) If scavenging is necessary dissolve in 4 ml H20, add 1-2 mg Fe+++ 
and fresh (co.rbono.to free) NHdOH till an .oxcess is present. 
Centrifuge and discard ppt. To solution add 5 ml HCI-Et

2
0, cool 

and centrifuge. 

(5) Disso~ve ppt in. H20. Dilute to 10 ml, add 6 drops HCl + 10 mg 
l~g, d~gest, centnfuge off .\gCl. Repeat. 

(6) .• i.dd 1-2 mg Fe +++, then NH
1

0H. lb.ke 2 hydroxide pptns of Fe (OH)3' 
, 

(7) Add Na 2C03, ppt BnC03 " Dissolve in 1 ml cone HC1~ppt BaC12 by 
adding HCI - Et20 reagent. 

(8) Transfer ppt to weighed filter wi ih 3-5 ml portions of absolute 
EtOH containing 1% lIC1. Filter with suotion. Wash three times 
wit~ 5 ml Et20. Dr~_b~evacuation. 2 min. evt\cuation, release, 
5 m~n. evacua tiona .re~gh as Bo.CIZ~H20. 

Remarks: This method has beon describod previously. (Phys. Rev. ~ 17 (1949). 

Preparation of carrier solution: Dissolve 19.0 gms Eo. (N0
3

)2 in water 
and di'lute to 1 liter 0 

Sto.ndo.rdizn tion as BaClg .~o Take 5 ml carrier, add 50 ml ethor-HCl 
mixture. Cool in icc bath for 0 minutos. Stir, Filter onto a sintored 
glass crucible. Use 3 - 5 rnl portions of absolute EtOH containing 3-5 
drops cone Hel to transfer and wash tho ppt. Wa.sh with three 5 ml portions 
of Et20. Evacua.te and weigh a.s EnCIZoHZO. 

8/23/49 
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CHEMIC1.L SEP~l.mTIONS 

Element separated: Barium . Procedure by: Ne1ilton 

Target muterinl: Thorium metal (.1-1 gm) Time for sep tn: 1 hr. 

Type of bbdt: 60" alphas 

Yield: A.J 60% on :sa 

EqUipment required: Standard 

Degree of purification: 106 other F.P. N 10
3 

from Strontium 

~dvnntages: En and,Sr can be takcn out in same procedure. 

Procedure: Tho Th metal is dissolved in cone. HCl plus 0. few drops of .2 Ii 
(NH4)2SiF6 to cleur up the blo.ck residue. The HC1 is diluted to 2 N 
a.nd e-n a.hquot tuken. 

(I) :~dd 20 mg each Be. a.nd Sr carrior and 30 ml fuming nitric o.cid. 
Cool 1-2 minutes with stirring and centrifugp. (If 804- prosent 
add H2S0

4 
to ppt Ba80tj,' Wctsh viTith 10 m1 H20. Motathesize with 

50% I~C03 by boiling 5 min. CentrifuGc, wash with water. Dissolve 
ppt in 1 ! HN03 - Discard residue. Then make fuming nitric 
a.cid pptn.) 

(2) Dissolve ppt in 2 ml H20. Re-precipitate "lith 15 ml fuming ENOS' 

(3) Dissolve ppt in 5 to 10 ml H20. Add 5 mg Fe+++ J ppt Fe(OH)3 by 
adding 2 ml ca.rbonll. to free 6 IVI NH/! OH or po.s s in NIlS ga.s to ppt 
Fe(OH)S' Centrifuge. ~ 

(4) Neutralize supernate with 6 ! HNOS ' :I.dd 1 ml 6 ! Ri\'c, 2 ml 6 1l -
NH

4
,;'\.c. Heut solution to nearly boiling. Add 1 m1 of 1.5 M Nu 2CrO,t 

dropwise with stirring. Let stand 1 min. Centrifuge. Reserve • 
supernate for Sr. 

(5) Wash ppt of lhCr0
4 

with 10 ml hot H20. Dissolve in 1-2 m1 6 M 
HCl add 15 ml HCI - Et

2
0 reagent, stir 1-2 min. Centrifuge.-

(6) Dissolve ppt in 1 ml H
2
0. Reprcclpitate Bo.C12 ,with 15 ml HC1-EtzO 

reagent. Centrifuge. Trrtnsfer ppt to weighed filter paper with 
il% HC 1 in EtOH. Wash S x 5 ml Et02• Dry by evncuat ion Z min, 
rcleo.se, evnouo.tc 5 min. Weigh as Ba.C12 .H20. 

RClllD.rks: This procedure has been dosoribed previous ly. (Phys. Rev. 75 17 
(19l l:9) ). 

) 

For se~~ration of .3r from this procedure Bec (38-5). 

8/23/49 
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CHEMICAL SEPARATIONS 

Element separated: Lanthanum Procedure by: Naumann 

Target material: CSNOS Time for sep'n: 1-1 1/2 hrso 

Type of bbdt: CsNO
S 

+ <1(25-50 Mev) Equipment required: 5 ml sep. 
funnels 

Yield: At least 50%. 

Degree of purification: 3 Exce llent at least factor of 10 from Cs, Ea., F, etc. 

Advantages: Affords a sample free of fluorine and containing less than 
0.1 }l g La suitable for mass spectrographvlJork. 

Procedure: 

(1 ) 

(2 ) 

(3) 

(4 ) 

(5 ) 

Remarks: 

The target (0.8 g) CSNOr is dissoived in 5 ml of hot 0.5 N HNOs - ++ +++./-containing 1 mg of F, mg of Ba ,1 mg of Fe and 1 10 P g 
w+++ (See (a) under remarks below.) 

The solution is made basic with 1m
3 

and the so lution centrifuged. 

The Fe(OH)., ppt is washed three times with boiling water redissolved 
in 5 cc O.g N HN0

3 
and 1 mg of F- and Ba++ is added as holdback 

carriers. 

The solution is again made basic with NH 1 the precipitate centri­
fuged, washed and dissolved as in step (~) but only 1 mg ofF-
is added, the Ba++ beine; omitted. 

Fe (mI)S is again'precipi tated with NH.s1 the precipitate centrifuged 
and washed 3 x with boiling water. The precipitate is dis.solved 
in 2 ml 6 N Hel (See (b) under remarks below.) and extracted· 
1;I,",ic e with -2 ml ether. (Seie (c) under remarks be low. ) The aqueous 
HCI 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 BaF2 vvill precipitate. The 0.1 }l 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 
unavoidable. 

(d) Rare earths if present from bornbardinb a mixture of target materials 
vvould not be separated in this procedure. 

7/27/19 
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CHE;!ICAL SEPARATIONS 

Element separated: Rare earths Procedure by: Hick~r11kinson· 

Time for sep'n: 1/2 hr.-l hr. Target material: Rare earth oxides 

Type of bbdt: 60" Equipment re'quired: 
lusteroidtubes 

Yield: V1 100% 

Degree of purification: 100% from all other elements besides rare et3.rths 
themselves. ' 

Procedure: 

(1) Dissolve'rare earth oxides in cone. lIN0
3

, ppt hydroxides with 
cone. ~m4 OE. 

(2) "flash hydroxides until wash is neutr.aL This increases yield 
markedly. 

(3) 

(4 ) 

(5 ) 

(6 ) 

6/25/49 
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Dissolve in HNO'Z, transfer to lusteroid, add 5 cc cone. HF, digest 
in hot water ba~h, centrifuge, and wash fluorides with water. 

Dissolve fluorides in mW3 - H3B03 mixture (8-10 E IDJ03 saturated 
wi th H

3
B0

3
) 

Repeat 2-4 ~vioe. 

Dissolve final hydroxides in HC1 pH 1-1.5 and transfer to ion 
exchange resin column. 
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Exorpts from Pape.r. on "Radioactive Isotopes of the Rn.re Eo.rths. 
Experimental. Technique and Thulium Isotopes" - Phys Rev 1.Q. 1370 (194!U 

EJ .. .o!!.!!y Wilkinson o.nd Harry m,cks 

Abstract: 

The experimento.l techniques used in the chemico.l sepo.rntion o.nd identifi­
cation of ro.dioo.ctive isotopes of tho rare earth clements arc described. 
The isotopes are produced by bombo.rdment of rnre oarth oxides with a-particles 
deuterons. and protons from the 60-inch Crocke r Laboratory cyclotron. C\nd 
o.lso by bombardmont of tantalum with 200 Mev deuterons from the 184-inch 
cyclotron. 

I. Introduction 

The extreme difficulty in r.chieving sepni o.tion of the rare eo.rth elemo~ts 
in 0. very pure sto.te ho.s been overcome in recent years by ~/O main advances 
in experimental techniques. These have meant that not only macro, but tro.cer, 

. amounts of rare earths can be relio.bly separnted from eo.ch other in 0. fev. 
hours. 

Methods of sepo.ration based on multiple oxidation states of thc 
rare eo.rth'clements have been developed for cu~opium, so.marium, and other 
ro.re carths, particularly by ~JcCoy o.nd Mush, using zinc o.nd sodium 

I.H.lIT.McCoy, J. Am. Chern. Soc. ~, 1756 (1935); ~, 1131 (1937); .?2, 3422 (1941) 

2. J.K. Ahrsh, J. Chern. Soc. 398, 523 (1942). 

,amalgam reduction procedures, while the sepnration of rare earths by the 
use of columns of ion-exchange resins has been developed in the MQnh%ttOll 
Project, and ho.s beon described in n comprehensive series of po.pers • 

. ~--------.--.-. _. -~----------------------
3. E. R. Tompkins, J. X. Khym nnd H. E. Cohn, J. Am. Chern. Soc. 69, 2769 

(1947); F. H. Spodding et 0.1., J. Am. Chern. Soc. 69, 2777, 2786, 2812 
(1947); E. R. Tompkins o.nd S. W. Ihyor, J. Am. ChCm. Soc. ~, 2859, 

2866 (1947). 
-~------------~.-.-,,--.--.-.-.-~.-.... -.-.-.---~.---.-.-------

These procedures have given IJ. grer,t impetus to research on ra.{o earth 
isotopes formed in fission of uranium and o.lso by neutron co.pture. Li tUo 

4. E. R. Tompkins, J. X. Hhym o.nd r,r. E. Cohn, J. Am. Chern. Soc. 69, 2769 
(1947); J. A. M.~'.rinsky, L. E. Glendenin, and C. D. Coryell. J-:Jun. 
Chern. Soc. 69, 2781 (1947); D. H. Ho.rris and E. R. Tompkins, J. Am. 
Chom. Soc. 69, 2792 (1947)j B. H. Ke'~elle nnd G. E. Boyd, J. Am. Chern. 
Soc. 69, 2800 (1947)~ W. E. Cohn, G. W, l'o.rker o.nd E. R. 'fompkins, 
Nucleonics 3, 22 (1948). '-_________ 4 _~_ •• ____ • __________________ ._, _ ___ _ 

Yvork, hovlCver, has been done on neutron deficient isotopes formed by proton. 
deuteron, o.nd a-pc.rticle bombc.rdment of tho rare earths. A systemntio study 
ho.s, therefore, been undertaken to remedy this deficiency in the knowledge 
of such isotopes, and further, to allow interpreto.tion of the results of 

P-18-178 
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high energy po.rticle bomho.rdmonts of clemcntg ubovc the rnrc earths using 
the l84-inch cyclotron. In a previous note" a list of new rure earth 

--------_. _ .... ....---. .=._._--------
5. G. rJilkinson nnd H. G. Hicks" Phys. Rev • .?!" 1733 (1948). 

nctivities and their properties wus given; the present paper describes 
the oxpcrimcntal procedures used, und the properties of the new thulium 
uctivi ties. 

II. Experimentul 

A. Bombardments 

YJhere comparatively lo.rgc quo.ntitics of mntoriul were avn.i1uble" 
hundred milligrnm amounts of rare earth oxide were spread on 0. ridged copper 
target plate, which vms then covered with 0.2 mil tantalum foil. In all 
other cases, ten to twenty milligrum sumplos of the oxides were bombnrded 
on interceptor turgets pluced in tho boum of the 60-inch Crockor Laborutory 
cyclotron. Tho finely powdered oxide was spreud evenly on a. smull pla.t­
inurn truy wi th 0. grooved inner sur fuce, which vms silver soldered to 0. 

wa. tor-coolod copper holder. The oxide Inyer was wetted" and 0. few drops 
of dilute sodium silicnto solution dropped on top of it. After evaporation 
nnd drying under an infrn-red heut lump, tho oxide wc.s very firmly bound in 
an even luyer. 'Turgets so prepnred huvo withstood over u hundred micro­
runporo-hours of 20 lilev deuterons wi thout los s. The turgets were covered 
with 0.2 mil tantulum foil us udditional protection. 

Borrronrdments of rure earth oxio.es hnve been :made with 38 :Mev a-particles" 
19 Illbv deuterons" und 10 Ecv protons from the 60-inch Crocker Lo.boratory 
cyclotron; runs with low energy a-purticles Vlere mude by plucing sui ta.ble 
thicknesses of tuntalum foil over the interceptor target. Tunto.luln., us the 
metul foil, wus bomba.rded with 200 Mev deuterons from the l84-inch cyclotron. 

B. Chemica.i Sepa.ra.tions 

After bombardment) the rure ourth oxide wus dissolved in nitric ucid, 
and inso luble mo.tter removed by ccntrifugution. Curriers for conto.mino. ting 
o.ctiv·ities likely to be formed from the target materiuls -- copper, to.nto.lum, 
-plutinum. sodium silicute. etc. wore added. and tho rUre eurth fluoride 
prccipitutedfrom ho~ 2 N nitric acid solution by addition of hydrofluoric 
ucid. The washed fluoride wus. dissolved in Co mixture of concentrated nitric 
ucid and sat~rated boric acid; from this solution. the rure eurth hydroxide 
wus precipituted by uddition of ummonium hydroxide. The wc.shed hydroxide 
was dissolved in nitric ucid o.nd 0. further fluoride precipitation rode as 
before. Three or four such cycles were mude .o.fter \\Thich. tho hydroxide 
wus dissolved in u minimum of hydrochloriC uoid und the solution accurutely 
adjusted to u known volume. Aliquots of this solution were tukcn for direct 
measurement of radiouctivities" for chemical scpo.rution of. tho individuul 
ro.re eurth clements. and for estimo.tion of the chemica.l yield of the bomburdcd 
oxide. Rare earths were determined for chomicnl yie ld measureme nt, by 
tho preoipito.tion of oxulatc, followed by ignition to the oxide. and weighing. 

The tc.nto.lum, ufter bomburdmcnt with 200 Mev deuterons, wa.s dissolved' 
in the minimum of nitric nnd hydrofluorio aoids. To the boiling solution Wc.s 
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added boric acid, to complo~: the fluoride, followed by corium II! solution 
as a carrier for the rrtrc earth activities. After dilution, m:ccss hydro­
fluoric acid 'was ndded to precipitate cerium III fluoride. The cerium WC'.S 

purified by hydroxide-fluoride .cyc les as above. To the final solution in 
strong nitric acid wa.s added n small quantity of Innthnnum (Co.. 0.1 mg) and 
the cerium oxidized to the IV oxidation s tate by addition of sodium bis­
muthatc. The cerium was then removed by preoipi to. tion of cerium IV phos­
phato from 3 N nitric acid solution. The lanthanum, with the rnre earth 
acti vi tics" was recovered as the fluroide, which wo.s then c onvcrtod to tho 
ch,loride for subsequent sepnrations on the ion-exchange columns • 

. 
C. Chemical Separation of the Rare Earth Elements 

. Chemical sepo.ra tion of the individual rare earth elements was made 
by ion~exchange resin columns, or for europium, by an amalga.m reduction 
mcthodo The principle of column separation involves first the adsorption 
of the rare earth ions in diluto acid solution on 0. small quantity of ion­
exchange resin. This resin is then placed at the top of 0. resin column, 
through which is thon po.ssed 0. solution of a. comploxing o.gent for the rare 
earths, e.g., ammonium citrate.. The rare earths aro 0 luted under strictly 
controlled conditions and pass through tho column o.t various rates; 
lutecium :LS tho first to appear in the eluo.te, followed in succession b;)' 
ytterbium, thulium, erbium, etc. 

In preliminary experiments to determine tho ch.."l.ractoristics of column 
sape.rations and optimumsepnrntion conditions fO~htho rorc earths, both 
inactive rare enrths in milligram amounts, nnd Y tio.dioo.ctivc91ro.cor were 
used. The former wore determined spectroscopically nnd tho Y dctcrminod 
by its ro.dioo.ctivity. 

6~ Spectroscopic analyses of tho rnrc earths were ~"l.de in this Inboro.tory 
by Idr. J. Conway and Jh-. M. Moore, :to whom we arc grent ly indebted for 
thoiro.ssistnnce. 

P-18-211 
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1. Prepnr1t~~f th~ Column: - All column separations were mdc 
using Dowex-50, ~n aromtlc hydrocarbon polymer contnining mny nuclear 

7. 'TI. C. Bo.umo.n, Ind. Eng. Chem. 38,46 (1946); W. C. Ba.uma.n nnd J. Echhorn 
J. ~m. Chem. Soc. 69 2830 (1947). . -

---'-- ----------------------------------------
sulfonic aoid groups. The resin used wes the colloidnl agglomerates. 
Batch 1989lPJI supplied as tho sodium form. The ammonium form of the rosin 
:'las prepared by stirring with saturated ammonium chloride solution; 'oxcess 
ammonium chloride vms removed by washing with wator. The resin vms graded 
to have a settling time of less thnn five minutes for five centimeters in 

VIC\. tor at room temperr.turc. The length of the pre liminary res in column was 
50 cm, with a diameter of 0.4 em, but in subsequent runs, it ~ns found thnt 
20 em x 0.4 em and 20 em x 1.0 cm columns gave ndcquatc separaJt;ion. 

2. Adsorption of Rare Earths on Resin. - The rare earth solution in 
hydrochloric acid wa.s adjusted to givc-u-pH bebvccn 0.5 and 1.5, the ionic 
strength boinr:; kept at a minimum; this solution was then agitc.J.:;cd with 
about 0.2 ml of rusin added in UNO or throe successive portions. The 
solution Elnd resin wore agitated C\t C\bout 70

0
C, but were not allowed to 

stand in contC\ct for more than 15 minutes. This prevents diffusion of ions 
into the interior of the a~glomoro.tes, o.nd subsuquent slow elution with 
poor sepa.rations. 

3. Operatio..? of :the Colum~,: - The resin, with tho rare earth o.dsorbed 
on it, was trnnsferred to the top of the resin column, and the eluting 
agent pa.ssed through. i'he eluting a. gent used wC'.s a 0.25 :M solution of 
C.'P. citric a.cid, o.ccuro.tely o.djusted to pH 3.05 with c.mmonium hydrOXide. 
Care was taken to c.ppro~ch this vnl uc from tho acid side, so tht.t readjus t­
ment with ~cid'was notnecessnry, since it is important for ~ood separa.tions 
to keep the ionic strength at a. minimum. The flow ruto vms o.pproxinntoly 
0.03 milliliter por square centimct..:r column o.rca po r minute; VIi th tho columns 
used, of dia.meter 0.4 em, and wi th D. drop size of o.bout 0.03 ml, this flow 
ro.to corresponded to one drop in 3.5-4 minutes. 

The eluate wc,s collected in 10 x 75 mIll. rimlcss test tubes placed in a. 
perforated turntablc, whioh was rotated auto~~~ically o.t vnrious time settings, 
to place succeeding tubes under the column. So.mplos were normnlly collectod ' 
for 15 minutes. In runs with o.ctive ~~tcrio.ls, aliquots were tnkon with 
micropipettes a.nd cvnporo.tod on stainless steel disks for counting. Aliquots 
,-,rere also tukon for spectroscopio anc..lysis of ma.cro runounts of rare cnrths 
prescnt. The amount of ro.re earth" determined either spectroscopico.lly 
or by o.ctivi ty measurements, was then plotted ago. inst the sa.mplc number. 
This allows estima.tion of tho deGree of sepo.ro.tion o.chioved. In c.ll 
column runs, so.mples collected before tho elution of one ufree column 
volume" "vere disrego.rded. After comple'eion of a column run, o.ny residuo.l 
acti vi ty or rc.rc enrth wes stripped from tho column with 0.25 M c,mmonium 
citro.te of pH 7 a.s eluting agent. After thoroughly washing with water, the 
column VluS again ready for use. 

After sepo.ra tion on the column, the rare co.rths wer" recovered by 
evc.poro.tion of the citrate solution "lith nitric, and perchlorico.cids with 
subsequent ignition. The rare earth residue we.s then extracted "lith nitric 
ac id and the hydroxide precipi to. ted with a.mmonium hydroxide., If tho 

P-18-l86 
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solution contained only trc.cer a.mounts,a. sma.ll ['.mount of la.nthrmum was 
added us a carr:er. 

In addition to strict control of the conditions mentioned above, it 
is ulso importa.nt for successful se~.rations, thnt tho cnpa.city of the 
resin for udsorption of rnre cnrth ions is not exceeded. For the columns 
.described, the muximum cu~~city corresponds to npproxima.tely 10 mg ~nd 100 
mg of rare ec,rth oxide, respectively. 1i'fhcre the starting ma.tcrkls con­
tained significant a.mounts of other ra.re eurth impurities, a.nd purification 
VietS necossnry before bomb::.rdment. a lnrger co lumn, which had a. capaci ty 
for nbout 1 g rare ea.rth oxide W(\5 used. The nren of the column and'the 
drop rate were scaled up from tho values used in tho 0.4 cm end 1.0 em 
die.metor column runs, '!;he ['.mount of ci trntc flowing through unit cross-soc­
tio~~l area of resin being kept const::.nt. The progress of a.ny particular 
inactive ra.re enrth through the column could be checked by using ra.dio­
nctive trucer for a. noie;hboring henvicr ra.re eurth. After elution of the 
uctivc trncer, the snrople numbers of the desired ina.cti ve ra.re earth were 
estimo.ted by cO!J1po.rison with the standurd elution curvo (f"ig. 1). Aliquots 
of the snmples Vlore then examined spectroscopically to nllow tho pure 
rare ec.rth fractions to be isolated. 

4. Results in C0..1;t~ ?~pa.rations. _/ In Fig. 1 i§l shown the "stnndard 
elution curve fl obtr-.inedwith inactive materials and Y tracer. It should 
be noted th['.t while the lutecium and ytterbium are very close togother, 
samples from the penks of these curves have no detectable lines of euch 
other or of other rare earths in their spectra. Thus samples of these 
neighboring elements cem be obtained in which the separation factor is a.t 
leust n thousand. 

A typica.l column run on a. bomba.rded s'nmple is shown in Fig. 2, whore 
the broken line shows the distribution of ra.dioa.ctivity produced by 38 Mev 
a.lpha.-particle bombardment of holmium oxide. Tho solid lines show the 
distribution of inuctive c~rriors of lutecium, ytterbium, erbium, and 
dysprOSium, added a.s references, and determined spectrogrc.phico.lly. 

A further cxa.mple of a. column sepc-.rc.tion is shown in Fig. 3, 'where the 
ra.re ea.rths a.re present in trhcer quc.ntities only. In such ca.ses, sopnra.­

tion is gonerc.lly clec.nor and there is less "ta.ilingli of tho pc:::tks, thnn 
where mncro emounts of rere earths are'sepnra.ted. Tho a.ctivities shovvn in 
Fig. 3 wore spallation products, obta.ined by the bombardment of tC'.ntulum 
with 200 ~kv deuterons from the l84-inch cyclotron. w.nthanum Wns used 
a.s n cC'.rrier for the rc.dioisotopes. .A study of tho rndiation cmmcteristics 
nnd decays of tho pea.k sc.mple s ha.s shown no evidence of cont::unina.tion. 

D. Sepa.rntion of EUropium 

Europium ha.s been purified prior to, and recovered after bombardment 
by a. modifica. tion of McCoy's method. The europium in 6 N hydrochloric 
C'.cid solution vms reduced to the divn.lent state by boiling with zinc 
a.ma.lgum. Ra.re oarths othor thnn 0uropium were precipitc.ted by ca.rbona.tc­
free a.mmonia using cerium a.s a. currier. After centrifuging, the super­
na.to.nt solution was withdr:-,vln, the europium oxidized by ozone, a.nd then 
pr()cipita.ted by a.mmonia.. The procedure vms repeate,d with both fractions 
to ensure complete sepnrntion. 

8/16/49 
P-18-190 



w 
' .... 

<{ 

=> 
'...J 

w 

-< 
o 
o 

100~------~--------~--------r-------~--------~------~~~104 

,10.0 

I' 
I 

I 
I 
I 
I 
1 
i 

I 
I 
} 

, I 
I 
i 
1 

.. ··1 , 

i 

t 
f 

I 
I 

... '.1-
I 

I" 

'. I , 
I' 
I 
I 

J . 

·1 1 - ..... 

J 
'I, 

i i 
, .', j . t :' t. .' .. - --.' ! - - , . --+ 

1 '1 
j'. " . i . J 

I . 

. J,'.;,\.. ·1 
! , I ' .• I 1 
I.' , I, . .. . 'lOy" 

.. ,._ .. _', -".- ""'I~-:':-···-· -.- - ... j, 
I i 

• jl' ... ..'. -:- .+ --;. . ' . ..: . II'" 
: . I'· ' '~ } 

' .. _ ... :b .. 1T~ ... ~-l-.·.- ......... ~,., '·.Tb..j 
~ , 1 I" . t . . .1' .1'- , 

. 1 . I I 1 
' j t .-

Lu 

-1 Erl· , . . ;.." 1\1 
,. '. .! ' I i 

I. 0 ,,-.) .. ," .. - -

! 

: 1 " 
\ 

I ., 

! ' .. Ho .. ,l:~, I j , .. . '1 . -'. .• ' ... 

i·· i, /1 

1:,-.:: .. 111 
--J.-, .. ,--\ 1\ j 

.... J . . .. :: t '" ; 

y91 

! 
i 

\ ' 

i 
.r 
I 

/. " 

.1 ' 

~ , ' 

-r 

i' 

I 
! 
I 

r·· I ,~ Ii 
, .,.. .. ,t-1t .-. ···--f 

/. I! 

, I . r 

I. 

.t .. ·. 
.. 

, ,I, -" - -. '" -_ .. ', ,,~""" 

I.' 'i 
! . 
i 
1 

+'1 
·1 

Sm 

i 

I . 
1 

, ,', 

I 
f- . 
I 

I 

"j , 
, 

. -1 ... 
; 

..' <n,: ,." 

w 
~ 
=> z 

.. 102 :E , 
en 
.~ 

':Z .. 
.=> 
0', ' 
t.). 

0.1 ~~~~~ __ ~~ __ u-~ __ ~~~ __ ~~~-u __ ~~~~ ____ ~ __ ~10 

40 60 80 120 

,SAMPLE NUMBER 
-. - .. '\. 

140 160 ' , 
131S'o-} 



~ ____ ~ ____ A-~ ______ ~ ________ r-______ '-______ -' __ ~105 

Tm 

" ELEMENT PEAK 
II Lu 40 \ 

I \ Yb ' 44 

I \ Tm 48 

I \ Er 53 

: \ Ho 67 

Dy 78 
10

4 
100 I \ 

-

I \ ,-
I 

\ I 
w I I 
...J 

\ 0- I· :E Ho 
<{ I \ (/) 

z I '\ -- E 
::I: Lu I I-

\ Er 10
3 -t- 10 0:: I w 

<{ Yb ...J 
w I a.. 

:E 
w 

I 
<{ 

a:: (/) 
<{ 

0:: I -I"" 
"-

(/) w 
~ I I-
<{ :::> 
0:: I z 
t!) -
0 

'" 
::E 

0:: "-0 

'" 
(/) -

,~ t-

'" 
z 

10
2 :::> 

I. O. 0 
0 

O.IL-__ ~ __ J-______ ~ ______ LJ __ ~ ____ ~~ ____ ~ ____ ~~ __ ~ 10 

30 40 50 60 70 80 90' . 

SAMPLE NUMBER 13)??{-1 
r. It:::. TI 



>­
~ 

> 
.... 
(,) 

« 

10'" 

, 
Lu 

( ELEMENT PEAK 

lu 16 

Yb 20 

Tm 27 
'" , 

Yb 

-Tm 

10 ~ ______ ~ ________ ~ ______ ~ ________ ~ ______ ~ ________ L---J 

10 20 30 

SAMPLE NUMBER 
F 16 .r.u; , 

40 50 60 

13182 - J 



57 through 71-3 

The Preparation o!_~r~m Amounts of Spectroscopically Pure Rurc 
Earths Using UOwex 50 

Elements Purified: . Pr, Nd, Eu, Gd, Dy. 

Stc.rting Mate riD. 1 : The bost matorial commercially avnilable in gram amounts. 
The stnrting material usually contained rV 99% of the 
desirQd constituent. / 

Procedure 'by: R. C. Lilly, D. C. Stewart. Based on original data given 
in J~CS; 69, 2769-2879 (1947). 

Timo f.or Purification: 2-3 weeks 

Equipment required: Lr.rge column setup (seo bolow) '.' 
automatic sampler 
12 dozen 100 ml centrifuge tubes 
large beakers ' 
sol,ln bottlos (12 liter size) 

Yield: ,,-,90% 

Degree of Purification: In tho caso of rare earths from Ce through Gd, 
samples can be obtained which contain no othor 
rare earth lines. Above Gd, the sopara.tion is 
less complote. 

Advantages: Large capacity allows preparation of 5 gms of matorial in one run. 

Description of Apparatus Uscd:-

A. Column 
(1) The column is constructed of Pyrex tubing. 4-6 cm. i.d. and from 

50-75 cm in length. The lower end of the tube is rounded out 
slightly and fittod with a piece of capillary tubing 3 cm long, 
7 rom o.d., and I rom i.d. A snk~ll well is left in tho large tubo 
just above the st.~rt of the capillary to hold a glass wool plug. 

(2) The upper end of the column is equipped with 0. rubber stopper 
which has been fitted with a 5 om piece of 10-12 rom glass t~bing 
and hollowed out underneath to gi VD n dome-sh:.ped spa.ce whose top 
is flush wi th the end of the glass tubing. This type of stopper 
prevents the accumulation of nir at the top of the column. 

(3) Tho glass tube extending up from the stopper is connected to a 
reservoir bottle by a length of tygon tubing. Provision is roo.do 
for raising or lower the r-.)servoir to regulate the flow rate. 

B. Automatic Srunpling l'ibchc,nism 

?-18-189 

(1) The usual autornntic sampler, providing holes for 60 smnll tubes, 
is revised by ~ubsti tuting a luci te top disc equipped wi th 30 holos 
large enough for a 100 ml centrifuge tube. Sinco those samplers 
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have 60 stops in ono complete revolution, tho column is sot up 
so that .oach tubo tnkes up two turns of tho whoel and is under 

- the column for 1/30 of 0. cycle. 

(2) The srumpler is also modified by the inclusion of a large aluminum 
scpara tor between the -b"vO discs so trot the largo centrifuge tubes 
aro supported near the top and will not fall out of posit ion. 

Gcnerc.1 Operations arid Infonnation:'-

A. Propo.ration of NH4 +: rosin. 

(1 ) 

(2 ) 

Use 250-500 mesh Dowex 50*. Heat threo times at 100°0 with 1 1/2 
volumes· of 4 ~ NH

4
01. Wash 8 times with 2 1/2 volumes of distilled 

H
2

0 •. Aftor each wash discard the supcrm t{;ntand nny fine mu torial 
suspended in it. 

Density of Dowex 50 = 1.5 gms/ml dry) 
/. ) gi.von for rosin . 1.4 G:1i.s;ml wet 

Apparent donsi 'by in column = O. 58 gnis~lll dry) 
0. n gTl'.S jml V;TO t ) 

Thus tV 4010 of tho column volumo is rosin. 

from experimental 
results 

* Also referred to as t1J:Jalcitc" o.nd "Ionox". The effectivo Moloculnr weight 
is 184. 

B. Preparation of Ammonium Citra to Stock Sol 'n • 

(1) Combine tho fo 1l0VTll1g: 
12 gms Ebkers C,P. ptenol 
600 gms ?lcn·ck Reagent grade citric nc id 
116 ml Roagont grade .:r:.JH

4
0H 

(2) Dilute to 12 Ii t;;rs with Hz0, mixing well. 

(3) Romove c. s~~ll sample and test the acidity with D. pH metor. It 
should be behvoen p'H 3.00 and 3.10. If it is not, add NH40H or 
HCI0t. • 

'-'; 

(4) Citric nc id dri to.. 
Molecular wcig~t of monohydrc.te -5 192 -7 
K

1
=8.2xlO ;K

2
=1.77xlO ;K

S
=3.9xlO 

C. Adsorption 0 f Rare Earths on Dowox 50. 

(1) Dissolve the rmterinl to be purified in the lec.st possible amount 
of HCl04 and dilute to 50 mI. If tho solIn docs not re~in clenr 
on dil~ion, add severnl milliliters of conc. Hel and heat the 
snmplo further. 

P-18-188 
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(2) Trnnsfer the sol 'n" hnving n voly~~ of 50 ml, to n 250 rol glnss-
stoppered bottle. ~~dd enough Eu tr~clr ~n tplO t1 or HOl 801n 
to give n total of tV 500,000 clm of E~ 8n Ii 0 countor~ Mix tho sol 'n 
well nnd pipette out 100 ~. Dry c.nd coun·o. 

(3) ~\.ir dry some of the rosin propnred ns in U~) nbove, c.nd weigh 
out 10 gms for eClch gr::tm of rnrc earth oxide which hns boen 
dissolved. 

(4) Add this resin to tho sol'n from step (2). Pa.rnffin the bottle 
and shnke it mcchnnico.l1y for 1-2 hours. .Ll.l1ow tho rosin to 
settlej remove 100", of the supernntc.nt soln, dry, nnd count. Com­
pure with the count obtClined in stop (2) to determine tho porcento.[e 
adsorbed. If it is less thnn 95%, add more HCI04 or more resin, 
or both, nnd sh::tke again. 

(5) Yfucn the count shows enough of the matorbl to have been o.dsorbed, 
drnw off the supernntnnt. Wash the resin vlith 50 ml of H

2
0 nnd 

discnrd tho vmsh. Thon wc.sh with 50 ml of pH2 o.r.u:loniutn.·.oltrntc 
soln (p'repo:rcd by adding conc HCl to some of the soln prepared . 
in (B)), and discnrd this wash. Tho resin is .now rendy to be 
slurried onto the prepared resin bed. 

Procedure: -

(1) Pkce n smnll Pyrex 2;lnss wool pluG in tho woll nbove the capillnry 
tube nnd wet it with H20. Add 0. slurry of the resin in H20 
prepared as in (A) above, filling the tube to n hoight or 

(2) 

(3 ) 

(4 ) 

N 20 cm for Pr, Nd 
rv 40 cm for Sm, Eu 
nt least 60 cm for Gd nnd hieher rure earths. 

.Hter mnking sure thc.t the gle.ss wool plug hns not beom misplo.ccd, 
nllovi the rosin to settle for sovero.l hours nnd form n well-pncked 
bed. 

Trc.nsfer the "hot II re s in containing the adsorbed rare earth mo. terial 
as 'prepared in C c.bove to the top of the column by slurrying it 

. onwi th 0. small amount of . pH 2 nmmonium c i trn UJ so l'n. Ivhke sure 
thc.t the resin settle s out in n level ba.nd. 

Ca.refully fill tho column with H 0 and put the rubber stopper in 
plnce so thnt nll of the nir bub~les nre forced up into the gla.'ss 
tube in the middlo of the stopper nnd finally out through the 
reservoir bottle. 

(5) Fill the roservoir bottle with the pH 3.05 nmmonium citrnte sol'n 
nnd c.lloVi the liquid to fill tho tygon tubing lending to the column. 
Clnmp the tubing until rondy for the flow to begin_ (Cnution') Do 
not mc.nipulo. UJ the tubing in such a wny thnt n partinl vacuum is 
ever crented nt the top of the column or tho whole rosin bed will 

P-18-187 bo sucked upwnrd, nnd the ,glass wool plug will be dislodged.) 
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(6) After the automo.tic srunpler has been put in place J s tart the flow 
and regulate it by raising or lowering the reservoir 80 that the 

. rate is from 4-5 sec/drop (75-90 ml/hr) for Pr and lifd 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 0.033-0.076 ml/cm for 
0. 5 cm Ld. column. 

(7) Collect samples as desired. The progress of the rare earths through 
the column can be followed roughly by checking the position of 
the Eu tracer with 0. sensitive survey me ter. 

(8) The material being purified is best detected by removing 1-2 ml 
from each of severa.l seleoted tubes, plo.cing the srunples in 0. 

s~,ll beaker and adding 0. few crystals of oxalic acid. lVhen 
weighable amounts of rare earths come through, this ,test will 
result in a turbidity or 0. sizeable white ppt., depending on 
the umoun t of mo. te rial. 

(9) ~Vhen 0.11 of the desired material has been eluted, as shown by the 
o.bove test. and an additional volume ho.s been run through o.s a 
safety factor, stop the ammonium citrate flow and the so.mpler. 

(10) Determine the beginning and end of the elution peak by testing 
as above. Prepare samples for spectroscopic analysis as desired, 
ei thar .0. t both ends of the peak or 0. t regular intervals throughout 
its length. In each case pipette 50 A of the soln onto 0. Cu spectro-
scope electrode nnd dry. 

(ll) On the basis of the spectroscopic analysis combine the tubes into 
frac tions accor ding to puri tyo In each case, trans fer the so Ins 
and wushings to n. beaker of appropriate size and boil to fV 1/3 
the volume. 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 and stirring well. Digest the sample 
over low heat with continued stirring for ono hour. Allow the 
ppt to settle, preferably overnight. 

(12) Draw off the supernat~nt and concentr~te the ppt by successive 
centrifugingsl Transfer the material to 0. Pt dish by slurrying 
with H20, ~ry it, and ignite to constant weight at 7000 C. 

Remarks: 

(1) In order to secure spectroscopically pure material it is importnnt 
that special cnre be taken at ~ll times to see that all equipment 
is clean and that all reagents used are from fresh oontainers of 
known purity. Since it is difficult to remove all traces of 
dichrom~te ole~ning solution from glassware, the centrifuge tubes 
and beakers used were cle~ned with aqu~ regia instead of oleaning 
soln and rinsed very thoroughly. During the run the snmpler ~nd 
tubes were covered with 0. large shield to prevent dust from dropping 
into the s~mples; and during subsequent steps all contniners were 
kept well covered. 

P-18-20 1 
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(2) The rare earths, in general, are eluted in the reverse order from 
their periodic table arrangement, i.e., lutecium comes off first 
and lunthanum lust. If the same eluting agent is used throughout, 
the concentration vs time peaks become progressively broader and 
further o.part as the lighter rare earths nre approached. This 
menns that praesc9dymium, for example, is relatively easy to· 
purify, but will be spread through a number of fractions; whereas 
thehe:::.vy mre earths are difficult to purify and are distributed 
through fewer tubes per peak. 

(3) The Tompkins-Mayer equations (JACS 69, 2859 (1947)) can be used 

8/16/49 
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to calculate theoretical separation-ourves. They require that the 
plates per centimeter be known for the resin, nnd that the lie" vo.lues 
(number of free volumes of elutnnt at the penk) be known for the 
individual rare earth elements. Tho experimental data taken are 
not completo enough to give very accurate figures, but it is 
estimated that the 250-500 mesh Dowex 50 used as described is 
equivalent to N 15-20 plates per centimeter of column length. 

I ,... ~ I'V. Some Ie" values are us follows: Eu = 16; Sm = 20; and Pr = 55. 
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CliEMIC.Li.L SEP':.R.'l.TIONS 

Element sepnrated: Cerium Procedure by: Nov/ton 

,Tnrget nt\ tcrio.l: Thorium metal (.1-1 gm) Time for septn: 1 1/2 hours 

Type of bbdtt 60" o.lpho.s 

Yield: eo% 

Equipment required: Sto.ndo.rd 

Degree of purification: 
othor R.E. 

6 S 4 10 exoept from other R.E.; probnbly 10 -10 from 

Procedure: The Th metal is dissolved in cono IiCl plus 0. f'evv drops of' .2 M 
(lffi

il 
)2SiFa solution to cleo.r up tho blo.ck residue. The HCl is dilutod 

to Z ! ana nn aliquot taken. 

(1) Add 10 mg C6, La and Y co.rriGrs$ 8 m1 cone. HNO
S 

o.nd 15-20 ml 
.35'.! HIOS solution. ,C~ntrif'uge. 

(2) ~l.dd 11 ml of' 15! NaOH, ppt Co (OH)s~ Pash once with dil NaOH. 

(3) 

(4 ) 

(5) 

(6 ) 

(7) 

(8 ) 

(9) 

(10) 

Remarks: 

Dissolve ppt in 2 ml 6 N HCl. Dil to 10 mI. Add 2 ml 27 N HF. 
Ppt COF

S
' discard supcrno.te. 

~l.dd 1 ml sat H3BOg and 8 ml conc. ENOS' Vihcn dissolved add 1/1 
gm KBrO

S
• Ppt ioaato by adding ZO ml HI03 sol tn. 

Dissolve ppt ,in 1 drop oono HCl and :3 drops H202 and repeat 
iodate pptn. 

Dissolve iodate in 1 drop HOI and add 8 ml cono. RNO and 10 mg 
Zr carrier. L.dd HIOS to ppt Zr(IO

S
) , let stand 5 m~n.' Centrifuge. 
4 ' 

Add 10 ml 15 ! NaOH, ppt Co(OH)3' 

Dissolve Ce(OH)3 in 1 ml 6 N,Hel. Add HZS03 to reduce all IO; to 
I-. Add NH

4
0H to ppt Ce(OH}5' 

Dissolve Co (OR) 3 in I mi 6 M HOI. Di1 to 15 m1 ~O, boil. Add 
15 ml sat HZCr0.a, with stirring. Cool in ioe bath just 10 min. 

Filter, wash three times with 5 m1 H
2
0, throe times with 5 ml 

EtO~, three times Wi~h 5 m1 Et20. Dry by evno. 2 min., release, 
2 mJ.n., release, 3 mJ.n., weigh as ~2(C204)3·l0H20. 

This method has been doscribed previously'(Phys. Rov • ..!2.17 (19'.1:9». 

!roE?-ration of carricr...!?luti~: Dissolvo 31.0 gms Ce(N03)306H20 in 
wa ter and di lum to one 1i ter. 

Standardization: Take 5 m1 carrier. ':'dd 20 ml H O. Hent to boiling 
and add 5 ml-so:tUro.tcd oxalic acid. Cool in un io c ba~h f'or just 10 minutos. 

P-18-Z7'i 
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Fil ter through D.. fine sintored glass crucible. '\i{a.sh and dry with 5 ml 
H20, 3-5 ml portions 95% EtOH, 3-5 ml portions Et20. Evacuute 2 minutes, 
release to c'..ir; evucua.i;e 2 min., release, evncuato, relae.so (eva.cuute thro~ 
minutes). Y1"oigh a.s CC2{~2·?4)3 .. lOH20. 

The method is quito empirical. The Rctrc Earth ppts ura weighed us 
the follordng compositions when dried in the a.bovc stnndard munner • 

. ' . 

CO 2 (C204)3-10H20 

Pr2 (C204 )3 .9Hz° 

Y2(C204)3°7H20 
.. 

Eu2(C201 )3 elOH20 

8/23/19 
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CTIEHICAL SEPARA. TIONS 

Element separated: Cerium Procedure by: Goecke:rmann 

Target material: rV 1 g Bi metal 

Type of bbdt: 184 11 all J::El.rticles 

Time for sep In: few hours 

Equ'ipment required: Centri­
fuge, tubes,lusteroid 
cones, H2S tanle, NH3 tank, 
ozone generator. 

Yield: Ce approx. 30% 

4 Degree of purification: Ce decontamination factor> 10 from fission & 
spalla tion products. 

Advantages: Good for separating small amounts of Ce & Eu activity from 
large amts of non-RE activi ties. 

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 ) 

(ll) 

(12 ) 

To aliquot of liliOS soln of' target add 20. mg Ce, Bu, and Y. Hake 
2N in HCI wi th Zr" Ch, and Sr present and precipitate RB fluorides. 

Dissolve- and reprecipi ta te RE f'luorides from 2 .!'! HNQ3 with Zr 
and Cb present. 

Scavene;e t;-.rice wi th Bi 2S3 and RuS from 0.5 ! HOI. 

Precipitate BE hydroxides twice with NHS(COS-
2 

f'ree) and Sr present. 

Precipitate RE fluorides from2N HCl tv'lioe with Zr and Cb present. 

Scavenge with Bi2S
S 

and RuS from 0.3! HCl., 

Prec ipi tate RE hydroxides wi th NH3 three times with Sr present. 

Precipitate RE oxalates from dilute HCl. 

Precipitate RE fluorides from ID~Q3. 

Repeat (7). 

Displace air with 0.
2 

and CO free N2, reduce with Zn amalgam, 
precipitate Y{OH)", and Ce(011)3 with NH3 • Dissolve and reduce 
again, reprecipit~te hydroxidese 

Dissobro·'nydroxidcs. precipitate Ce(10
3

)4 twice, then Ce 3 (P0
4

)4 
three times. Precipitate CeF from HCr; me ta the size to Ce(OR) J 

~i~solve in HCl, precipitate ~e(OH)3 with NH3• Dissolve in Hef. 
ti'Telgh as Ce2(C204)3·l0H20(25.84 mr per 10 mg Ce). 

Remarks: In these bbdts, the amount of Y activity produced was ;:-10
3 

times 
the RE activity. 1-2 mg of holdback carriers or scavengers are used. 
See (63-3) for Europium separation from same target. 

8/24/40' , ,.,' " " 
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CHEMICAL SEP;,R:~TIONS 

Element separated: Samarium Procedure by: Ballou1 Newton 

Target mntcrial: Thorium metal (.1-1 'gm) 

Type of bbdt: 60" o.lphas 

Time for sop In: f'\J 2 hours 

Equipment required: Purifiod 
tank N2 (02 & CO2 freo) 

Yio ld: 5-25% 

Degree of purification: undetermined 

Procedure: The Th metal is dissolved in cone HCl + 0. few drops of .2 M 
. (NH4)2SiF6 solution to clear up the black residue.' The Hel is diluted 
to 2 ! ana an aliquot taken • 

. (1) . d C +3 +3 . ~ .. d . 10 mg e and Eu carrier + 10 mg Sm+ 3 eo.rricr l 5 ml cone. 

(2 ) 

(3 ) 

(4) 

(5 ) 

(6 ) 

,(7 ) 

(8) 

HlJ03. and -1 ml 27 M HF; dilute to 35 ml, 
m1 H20 + scvcra~ drops HF. 

een trifugo and wo.sh VIi th r\I 1 ° 

D.issolve ppt in 1 ml sat HSB03 + 3 ml cone IINO~I dilute to (\.)'20 mIl 
add 2 ml 27 ! HF, centrifugo o.nd wash as in (1). 

Slurry ppt"of (2) vlith 1 ml snt H
3

B0
3 

solution and dissolve in 
8 ml cone HNOS' .'\.dd 0.2 gm KErO

S 
+ 20 ml 0. 35 ~ KIOg solIn; cool 

and stir 2 minutes. Centrifuge & wash with H20. (ppt contains 
Co and The") 

~\dd 12 ml 19 II HaOH to supn, cool and centrifuge. Dissolveppt in 
cone. HCl + H;S03' dilute to 30 ml, add cone. NH40H, centrifuge 
and wash. 

Dissolve ppt in 3 ml 6 N HCl.dilute .... add 5 mg. La holdback carrier, 
and reppt with NH40H; centrifuge and wash. 

Dissolve the Sm(OH)3 & Eu(OH)3 with a minimum of 6,! HCl (not 
more than a few drops) and transfer to a separatory funnel with 
10-20 ml water. Add 8 drops of glacial HAc and S to 4 ml Na 
amalgam (O,S/~) (Note 1). 

Shake for 5-10 seconds (Note 2) and transfer the Hg layer to a 
second separatory funnel containing rv :3'0 ml water. Shake and 
then transfer to a third funnel also containing N 30 ml water 
(Note S). Shake and transfer toa fourth funnel containing 
~ 20 ml 2 N HC:. Shake until H2 evolution ceases (Note 4) 

Collect the Hg in a recovery bottle and 'pass the water layer into 
a centrifuge tube. Add 5 mg La holdback carrier and precipitate 
with o.o:ticen~rated NH40H. 

(9) Repeat· . steps (6-8) twice (Note 5). 

(10) Dissolve the Sm(OH)g and Eu(OH)3 with 1 ml 6 N HCl and transfer 
to a 50 ml cons tric ted neck centrifl,lge tube (WH ~;~ 20972) 
containing 0.5 gm amalgamated Zn. 

P-l'8-2.,71 
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(11) Dilute to tV 8 m1, 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 03Ygen free nitrogen (Note 6). 

(12) Using the same -bube as a stirring rod, place the centrifuge tube 
in an ice bath and add carbonate-free NH OR to precipitate the 
Sm(OR).... Close the tubew"fth· a tight fitting rubber stopper 
and cefitrifuge. 

(13) Decant into another tube and test for Eu bypassing in ozone. 
Continue extracting Eu from the Sm as described above until 
no moreEu 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 ! HCI (not over 1 ml), 
dilute to N 15 ml, heat Wl. th stirring, and add 10-15 ml ,hot . 
saturated oxalic acid with stirting. Filter through a filter 

notes 

circle on a Hirsch funnel, and wash twice with dilute oxal ic acid, 
once with water, and once with alcohoL Ignite the sample and 

-mount for counting. 

t. The Na should be cleaned with ether and be allowed to, dry before adding 
to the Hg. The o.malgo.mation of the Na proceeds wi th considerable heat 
evolution, causing some volatilization of the Hg. Consequently" the 
preparation of the amo.lgam 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 0. filter paper. This residue which contains 
some amalgam can be washed several times with water and used. Once 
formed, na amalgam is relatively stable to wo.ter and air but decomposes 
readily in acid solutions. 

2. Shaking much longer causes complete destruction of the Na; This should 
baavoided. On the other hand, sufficient time must be allowed for the 
Sm to amalgamate completely. 

3. No Sm is lost in the water washings. Hence these may be discarded. 

4. Sm (and Eu) are completely removed by 2 N ReI. 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 has not been tested. 

6. The nitrogen from the tank .is passed through a tube containing Cu 
heated to N 400

0 
C. CO2 is removed by passing the N2 through an Ascari te 

tube. Reduced Eu is readily oxidized by oxygen and lienee oxygen must 
be excluded. Carbon dioxide forms insoluble carbona-bes and must also 
be avoided. 

P-18-270 
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See: L. 1'Jinsberg,Paper 195 Radiochemical Studies: The Fission Products, 
Volume 9, Div. IV, of the Uational Huclear Energy Series, McGraw-Hill 
Publishing Co. (1950). 

This method hp.s been described previously (Phys. Rev. 75 17 (1949)). 

p_18-269· 
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CHEMICAL SEPARATIOUS . 
Element separated: Europium Procedure by: Newton 

Target material: Thorium (metal) 

Type of bbdt: 60" a's 

Time for sep'n: 4 hrs. 

Equipment required: Tank N2 
(02 and CO2 free) 

Yield: 40% 

.. Degree of purifiontion: 
6 

10 exoept from R. E. j I'" 104 
f R rom ,E. 

Procedure: The Th metal is dissolved in cone Hel + a. few dro:s of .2 M 
(NH4)2SiF6 solution to clear up the black residue. The HCI is diluted 
to 2 ! ana an aliquot taken. 

(1 ) 

(2 ) 

+++. +++ To aliquot add 10 mg Eu a.nd 10 mg Ce carriers, Add 8 ml 
cone mwS and 20 ml 0.35 M HIOS soln. Ppt Th(I03)4' Discard ppt. 

To centrifugate add 19 M NaOH ppt Oe (orI)3 and Eu(OH)3' Centrifuge 
and wash ppt once with H20. . 

(3) Dissol~eppt in 8 ml cone HN0
3

, add2 ml Zr and 20 ml HI03 ppt 
Zr(I03)40 Centrifuge and discard ppt. 

(4) Add 19 ~ N'lOH.to ppt Eu(OH)3 and Ce(OH)3' Discard supernate. Wash 
pp.t; once wi th H2 O. 

(5 ) Dissol~e hydroxides in 1 ml .6 N HCl. Add 10 mg each Ba and Sr 
carriers. Pass in CO2 free NB3:- ppt hydroxides. 

(6) Repe9-); (5). 

(7) Disso].ve ppt in 1 ml HCle Add Cb and Zr carrier and 3 ml 27 NEF. 

(8 ) 

(9 ) 

Pp:,,; CoF3 + EuF,z' Y:'l,sh ppts once. 
,) 

Dissoh~e 

Dissolve 

ppt in 1 ml 6 N Eel and 1 ml sat H3B03' Dilute, pass in 
li.E(OET)'Z. 

v 

RE(OH)3 in 1 ml 6 N HCI. Pass in NIlS ppt RE(OH)3' 

(10) Dissolve RE(OH)3 in 1 ml 6 ! HCI. Add 0.5 gm Zn(Hg). Dilute to 
5 ml; puss ln pU~'e N2 through stirring rod.-- Heut, stirring with 
rod through which gus is passing. Pluce in ice bath and pass in 
NH3 to ppt Ce (Or-r). Stopper tube and centrifuge. Pipette off 
s~pernate to another tube. 

(11) Dissolve ppt iri I ml 6 ! HOI, dilute and repeat (IO). 

P-18-173 
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(13) 

Remarks: 

63-1 (page 2) 

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 
He1 and repeat 10, II, and 12. 

Dissolve Eu(OH) from (12) in 1 m1 6 N HC1. Dilute to 10 ml. 
Heat. Add 10 mt saturated H2C 204 and-place in ice bath 10 min. 
Filter on weighed filter paper and wash three times with 5 ml ~O, 
three times with 5 ml EtO·H and three t:imes with 5 ml Et

2
0. 

Evacuate and weigh. 

(1) N2 gas must be O2 and CO
2 

free. 

(2) Save all Eu residues, aotive or not. Eu is .~~.~emely r~.:e ar:d 
ho.,rd to get • 

.. This method h:ts 1)een described previously in Phys.'lev. 75. 17 (19~9). --

8/11/19 
P-18-160 
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Preparation of Europium Carrier 
.~ .----.------~---------

r--Il.5 gms of europium oxalate orie;inally prepared by McCoy was purifie d. 
There are both a and ~- activities associated with this Eu and it is necessary 
to separate it in order to obtain a good carrier solution. 

The process was: 

(1) Eut~Oi?gnited ~nd dissolved in HCl. 

(2) NH
4

0H passed in to ppt Eu (OH)3' 

(3) Eu(OH)3 dissolved in 10 ml' 16 1'I mm3,zr++++ carrier added. 

(4) H103 added to ppt Zr(I03 )4 oarrying all Th impurities • 

. (5) 19! NaOH added to ppt EU(OH)S' 

(6) EU(OH)3 dissolved in 6 ~ HCl. Ba++ added and H2S04 added while 
hot to ppt BaS04~ carrying Ra and MsTh activities. 

(7) Eu(OH)3 pptd with NH40H, washed and dissolved in dilute HCl. 

(8) Zn(Hg) added to reduce Eu with N2 bubbling through solution~ Then 
1'IH3 passed into ppt R. E. and Ac hydroxides. PPt redissolved in 
aCld\ and recycled since some Eu not reduced. 

(9) Ell ++ oxidized \1i th NaOCl and ppt'd as hydroxide, washed and disso I ved 
in HCl as carrier. 

Standardization of Carrier 

Take 2 ml carrier solution, heat and ppt oxalate with H2C20.~ 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 Et20. 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 SEPARAT IONS 

Element separated: ~~ropium Procedure by: Goeckermann 

Target material: ~ 1 g Bi metal Time for septn: few hours 

Type of bbdt: 18411 all particles Equipment required: Centri­
fuge, tubes, lusteroid cones, 
HZS tank, NHS tank, ozone 
gen era tor. 

Yield: Eu approx. 15% 

Degree of purification: Eu decontamination factor> 10
4 

from non-RE fission 
and spallation products. 

Advantages: Good for separating small amounts of Ce & Eu activity from 
large amts of non-RE activities. 

Procedure: Cerium and europium wore purified together and then separated 
. from the other rare earths. 

(1) To aliquot of lIN03 soln of target add 20 me Ce, Eu and Y. Make 
2!!, in HCl 'with Zr, Cb, and Sr present and precipitate HE fluorides. 

(2) Dissolve and roprecipitate RE fluorides from 2! ENOS 'with 
Zr and Cb present. 

(3) Scavenge tlrdce wi th Bi
2

S
3 

and RuG from 0.5 N Hel. 

( -2 
(4) Precipi tate RE hydroxides twice 1:"i th NH3 C03 free) and Sr 

present. , 

(5) Precipitate RE fluorides from ZN HCI twice with Zr andCb present. 

(6) Scavenge with BizSs and RuS from O.S!! HCl. 

(7) Precipitate RE hydroxides with NHB three times with Sr present. 

(e) Precipitate RE oxalates from dilute HCI. 

(9) Precipitate RE fluorides from ENOS. 

(10) Repeat (7). 

(11) Displace air with 02 and CO2 free N2' reduce with Zn ama 19am, 
precipitate Y(OH)3 and Ce(OH)3 with NH~. Dissolve and reduce 
again, reprecipitate hydroxides. \) . 

(12 ) Eu - Oxidize supernatants from hydroxido precipitations with ozone, 
Pr'eciP~tate EU(OH)3 with NH~. Dissolve in HCl, add Ce, reduce 
to Eu'" and precip~to.te Ce(OH)3" Repeat separation cycle three 
~i~es. Precipitate Eu2 (C Z04 )3 like YZ(C 204)3 and treat similarly" 
Vfe~Gh as EU2 (C204 )3"lOH20 (24.6 mg per 10 mg Eu)" Soo (58-2) for 
cerium scparo.tion .from th~ so.mS target. In these bbdts, the amount 

',- . 'Of Y activity produced ,\To.s·') 10 tim~s tho RE o.ctivity. 1 .. 2 mg of 

8/24/49 holdback co.rriers or scavengers arc used. P-18-263 
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C~AICAL SEPARATIONS 

Element separated: Hafnium Procedure by: Hicks, 
'Wilkinson 

Target material: LuZ03 
Type of bbdt: 60" or 184" 

Time for septn: 1/2 hr.-1 hr. 

Equipment required: 
lusteroid tubes 

Yield: Very good 

Degree of purification: very good 

Procedure: 

(1) Dissolve LU20
S 

in HNO~, add carriers (see remarks), transfer to 
lusteroid, neat in waver bath and add 5 cc conc. HF. 

(2) Digest LuF
S

' centrifuge, add several mg ra+++ to ppt LaF
S

' digest, 
centrifuge. 

(3 ) N..a.ke 3 N in HNO
S 

and HF (sol tn at room temp, since BaHfF6 will not 
dissolve if precipi tated hot.) and add enough Ba ++ in the cold. 
to ppt Bo.HfF 6' Wash wi th wa te r. 

(4) Dis!301ve in HNOS-HSBOS mixture (8-10! HN03 saturated with HSB03 ), 
precipitate Hf02 wlth NH

4
0H, oentrifuge ana wash. 

Remarks: 

6/25/49 

P-18-13 

\ 

About 20 mg samples of Lu 03 have been bombarded. Holdback carriers 
added in (1) can include ~ mg portions of as many elements forming 
soluble fluorides ns thought necessary by the conditions of the 
bombardment. Zr can be used as carrier for Hf. 

The BaHfF6 precipi ta tion described here is speoific for Hf and Zr. 
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Clm! I CAL SEPARATIONS 

Element separated: Hafnium Prooedure by: Hicks, 
'Wilkinson 

... 
Target material: Ta, Hf0

2
, W 

Type 0 f bbdt: 60" or 184" 

Time for sep'n: 1/2 hr.-l hr. 

Equipment required: 
Pla tinum dish 
lusteroid tubes 

YieldJ very good 

Degree' of purification: very [';ood 

Prooedure: 

(1 ) 

(2 ) 

(3 ) 

(4 ) 

Dissolve ".'f, T8., and IIf0
2 

in HF and HN0
3

, transfer to lusteroid tube 
and add car~iers. (See remarks.) <-

mg +++ _ 
Heat in hot water bath, add several La to ppt LaF

3
, oentrifuge, 

repeat LaFS ppt. 

Make supn 3 N in RNO and lIF, making sure solution is at room 
temperature for BaHfFs will not dissolve if precipitated hot. 
Add enough Ba++ to completely precipitute fuHfF

S
' Wash with 

dilute HF and then vrater. 

Dissolve BaH.fF.s i,n !INO -H3B03 mixture (8-10.!! lIN03 saturated with 
H3B03 ), prec1.p1.tut;e }:If<Y2 lilith NH

4
0R, centrifuge and wash with water. 

Remarks: Gram amounts of vV' and To. 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) neoessary here in mg amounts.· Zr oan be used as carrier 
for Hf. 

J 

The BaHfF6 precipitation described here is speoific for Hf and Zr. 
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CI-IEHICAL SEPAllATIONS 

Element separated: Tantalum Procedure by: Hicks, 
-Wilkinson 

Target material: Lu203 

Type of bbdt: 60" or 18411 

Time for septn: 1/2 hr-l 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 LU20~ in HNOg1 transfer to lusteroid tube and add Ta carrier. 
(TD. 205 may pp-e but will dissolve in HF) 

Heat sol'J:.1 in water bath, add 5 cc cono. HF, digest for 2 - 3 minutes 
until Ta Or.: dissolves and floooule nt 17F3 pr13oipitates. 

2 ::> 
+++ Centrifuge, add several mg La , digest flouride as above and 

oentrifuge. 



Element separated: 

Target lila terial: 

CHEMICAL SEPARATIONS 

Tantalum 

W Ta lit 
, I 

Type of bbdt: 60" or 184 11 

Yield: very good 

Degree of purifica tic)]: very good 

Procedure: 

73-2 

Procedure by: Hicks, 
1"ii 1kins on 

Time for sep In: l/Z hr.-l hr. 

Equipment required: 
Pt dish, lusteroid tubes 

(1) Dissolve W, Ta or HfOZ in HF and HNOS "in Pt dish. 

(2) Transfer solution to lusteroid tube and add any holdback carriers 
necessary. (Zr works well as carrier for Hf). L!fake solution 

++ " 3N in rIND3 and liF. Add enough Ba tc ppt white BaHfF
6 

completely, 
centrifuge, and repeat. . 

(3) Saturate solution with solid I\F or IlliF? to ppt I<2TaF7 (white), 
centrifuge, and wash with conc. RF soPn. 

Remarks: . Wand Ta usually bombarded in gram amounts, Hf usually in lots 
of 20-30 IDg'. 

6/25/49 

P-18-10 

This ISTaF
7 

pptn specific forTa and will not carry down Cb. 



CfillMICAL SEPARATIONS 

Element separated: Tu~gsten 

Type of bbdt: 60" or 184" 

Yield: ../) 100% 

74-1 

Procedure by: Hicks, 
~7ilkinson 

Time for sepln: 1/2 hr. 

Equipment required: 
Sep. funnel 
Pt dish 

De~ree of purification: Separates 105 c/m oompletely from Ta nnd spallation 
products. 

Procedure: 

(1) Dissolve Tn in HF and minimum of EN0
3

• Add 20-30 In€; H carrier 
(No less). 

(2 ) Destroy all lIN0
3 

with hydroxylamine or hydrazine. 
in HOI, add 0.1 gm solid SnC12, 0.5 gmNH

4
SCN, and 

,oomplex all HF as HBF
4

in that order. 

l&tke about 2N 
H3B 03 to 

,(3) Heat until Clbright apple green complex appeClrs, transfer to a 
sept funnel, and extract twice with at least equal volume ethyl 
acetate. 

(4) Hash organic layer twice with equal volume 2 ,!HCl, and evaporate 
organic layer to dryness. 

(5) Take up the blue residue with 6!HOl Clnd 1 drop 30% HZOZ (or 
conc ENOS) and 1 drop aerosoL Bright yellow W03 preclpltates 
after digestion on a hot water bath. 

(6) Centrifuge and wash 1'r03 with 6!!. ncid. Then dissolve in 1 cc 
6 N Nli40H, centrifuge and discClrd any ppt. Ferric hydroxide 
scavenges (with l/2-1 mg Fe +++) :may now be used for further 
purity but usually are not necessary. 

(7) Add 5 eo cone. HNO
S 

and 1 drop of aerosol, digest on a hot water 
bath, centrifuge and wash WOS formed with S! o.cid. 

Remarks: 1"lFS boils at 190 C so don ft boil target solIn any more than neoessary. 

6/25/49 
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CHBi\:IICAL SEPAnA'.rIOHS 

Element separated: Rhenium Procedure by: Hicks, 
Wilkinson 

Target material: Ta., 'if Timsfor sep'n: 1/2 hr. 

Type of bbdt: 60" or 184" Equipment required: 
Pt dish 
lusteroid test tubes 

Yie Id: VI 100% 

Degree of purification: very good 

Advantages: Fa.st and easy wi thgood purification 

Procedure: 

(1 ) 

(2) 

(3 ) 

(4) 

(5 ) 

(6 ) 

6/25/49 
P-18-14 

Dissolve Wand To. in HF with a minimum of RN03 in pIa.tinum disk, 
and Re carri~r added. 

H2S is passed into the boiling solution for 15 minutes precipitating 
black Re 2S7• Centrifuge and wash in a lusteroid test tube. 

Dissolve Rc 2S7.in 3 cc 1 ~ NaOH an¢ 1 drop 30% HZ02 and tra.nsfer 
to glass centn.fuge com . 

Scavenge twice or three times with Fe(OII)3 (\.1\ 1 mg }ie+++). 

Reprecipitate Re 2S7 from strong HCl solution (add 10 cc conc. HCl), 
centrifuge and wa.sh. . 

This procedure gives excellent puri~J, but for additional purity, 
the sulfide can be transferred to a. still wi th HZSO and the 
vola.tile oxide distilled in a current of air and catching the 
dis tilln te in concentrated NaOH. 
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CHEMICAL SEPARATIONS 

Element separated: Osmium Procedure by: Folger & Hicks 

Target material: II) 4 g nranium metal Time for septn: ~ 2 1/2 hr. 

Type of bbdt: 184" all high energy particles Equipment required: 
stills ("Ruthenium 
oentrifuge, cones, 
reflux condenser. 

Glass 
Stills ll

). 

ice bath, 

Yi e 1 d: V\ SO% 

. Degree of purifioation: ~ 104_105 from other fissionproduots. 

Advantages: Fairly rapid" simple method of obtaining Os from bulk of F.P~ 
aotivities. Operations are readily adaptable to semi-remote control, 
and the activity level drops rapidly after the first separation. 

Procedure: HAVE NO NO
S
- PRESENT BEFORE STEP S. 

(1) Use ~20 mg. Os carrier and dissolve target in conc. HCl under 
reflux. Add V1 5 mg Ge carrier and boil with oonc. HC1 (GeCl

4 
is 

driven off.). 

(2) Add I- and I0
3 

- (sl ight x r S . 1.-) and bo il to remove I
2

• 

(3) 

(4 ) 

(5) 

Add cono •. ENOs (Sol In is al ready tA 10 N' in H+. 
it ~ 6 N in NO

S
-) and distill in an air stream. 

6 N NaOH in an lee bath. (Gives orange solIn). 

Add HNO to make 
Catoh ~s04 in 

Pass in H S to ppt OsS (black). Acidify with cone. HCl to Vl 1 N 
and centrlfuge • Wash ~Use Aerosol and heat to aid coaGulation. 
Addition of KN0

3 
might help). 

Dissolve sulfide in cono. EN0
3 

and redistill (distillation should 
prooeed from 8-10 N RNO

S 
in an air stream). Catch Os04 in 6 N 

NaOH in an ice bath. 

(6) Repeat 4. (The wash may be made ~ith \/\ 1 liT HCl if desired). 

(7 ) 

(8) 

(9 ) 

Dissolve the sulfide in conca 11C10
4 

, Add Me holdback (VI 5 mg) 
and 2 ce conca H

3
PO (complexes Mo). Distill in an .air stream~ 

catching Os04 in 6 ~ NaOH in an ice bath. 

Repea t 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. Excess Mg may be 
removed by washing wi th warm 2-6 N HCl. 'ii/eigh as Os metal. 
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Remarks: 

(1) ~~. 00 °4 is extremely toxic' 

(2) In step 4 an attempt is made to remove most of the C1- 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 isa likely contaminant, repeat step 2~ 

8/4/49 
P-18 .. 1:3.1 



CHEI\IICAL SEl~RATIONS 
-' " ·'s'. t 

El~ment sepa~~~ed. ~s~~~ 

Turget nntetihl: Rhenium 

T~pe of bbdt: 60" 

Yield: N 100% 

76~2 

Prooedure by: Chu 

Time for sep 'n:;---.J 20 min. 

Equipment required, 
Dis ti lling flu sit 

Degree of purifioation: FUetor of 100 from other notivities present. 

Ld..ro.ntctf;es: Simple 

Prooedure: 

(1) t Pour the Re ponder into the dis tilling flnsk. 

(2) Add 10 mg Os currier und close the flMk. 

(3) Insert the outlet tube of the flask into ioe cold 6 N Ua.OI! soln 
(10 co) 

(4) Introduce 3 oe oone lINOS through the inlet tube a f the fla.sk. 

(5) Supply a little nir through the inlet tube nnd hent the flask 
gently for the solution of Re and the distillntion of' 0304 for 
about 10 min. 

(6) Neutrc,lize and then acidify the UaOH soln vlith 6 N HCl. 

(7) Add 3 00 10% sodium thiosulfate and heat in wnter bnth. 

(8) Filter und ooun"b as the brown osmium sulfide. 

Remrks : 

For ir.idium sepllrntion from snme tnrget see (77-4). 



77-1 

30lution of Iridium metal 

Place Ir in glass bomb tube of 10 cc. volume cooled in liquid N2 " 

Add' 5 co cone. HCl and 0.5 grn NaC10
3

. Seal tube with other end in 

liquid N2 and allow to warm to room temperature. Heat in furnace 300°C for 

3 hours. Ir metal is dissolved to the deep red IrC1
6 
-. 

Approximate tube dimensions~ 

.~-- 6" 

o. D. 
l5mm "­

heavy 
walled 
tubing 

8 or 9mm heavy 
walled tubing 

Caution: Place tube in iron pipe plUGged at both cnds upon removal from 

liquid N2~ Danger of tube exploding during the heating. 

Rennrks: See E. nickers, H. G. Schleot & C. 1. Gordon 
J. Nat. Bur. Stand. Research ~J 363 (1944) 

Hicks and 'Jllkinson 
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CHEMICAL S~PARATIONS 

Element separated: }rid:!.'3E! Procedure by: Thompson & 
Rasmussen 

Target rna terial: Iri,dium foil Time for sepln: 1 hr. 

Type of bbdt: 184;1 protons (any energy) Equipment required: Small 
porcelain crucible. 
transfer pipettes, centrifuge 
tubes 

Yield: \{\5'O% (depending on step 3) 

Degree of purification: At least factor of 100. 

Advantages: A simplo, reasonably fast procedure for solution and separation 
wi th a targe,t metal (Ir) oxtremely resistant to dissolution in aqua 
regia. 

Procedure: 

P-l8-l14: 

(1) 

(2 ) 

(3) 

(4) 

(5 ) 

MLUce a mel t of KOH and KNO (npprox. 50-50, not critical) in a 
small porcelain crucible, Meating strongly over a Fisher burner. 

To this hot flux add the target Ir metal, continuing to heat 
(and adding KOH if volume of flux gets too smull) untii the metal 
is comp1eto1y 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 \,/\5 min. with conc. Hel, adding 
Au and Pt carriers -in small amount. (Ir gi vas strong blue colored 
solIn) 

Extract tv,ice wi th ethyl acetate to remove Au. 

Add a little SnC12 solution in He1 to the aqueous phase until a 
dark red coloration (~PtCI4) indicates the reduction of Pt from 
+4 to +2 state is complete. (See remarks.) 

(6) Extract the red coloration CPt) into ethyl acetate. rTa.sh ore;anic 
layer tvdce with equal yolume of 3N HCI. 

'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% ~02. ,(Reappearance of blue Ir colo,ration. ) 

(8) Add 0. Ii ttle NH4. SeN solution. (Blue changes to beautiful pink.) 
A precipj,tate of' (Ir)x(SCN), forms slowly. (The rate of pptn is 
slo,\Y enCl,:,gh thc.t one may mo~e usc of the fact that the pink compound 
is extractable into ethyl acetate.) 



ReIllllrks: 

77-2 (page 2) 

The extraction of the pink compound has the advantage of quickly 
removing the Ir from the original solution, which usually has 
enough silica dissolved (from crucible) that the whole solution 
will gel if allovled to stand. 

The pink compound ppts from the ethyl acetate on standing. 

As most Ir foil contains about V'H% pt impurity, it is well to provide 
a step for extraction of Au activities, whether or not the Au is desired 
for later work, even if it is simply a proton bombarded Ir foil. 

On SnCI
Z 

reduction the strong blue coloration of Ir(+6?) disappears, 
permittlng the red of reduced H

2
PtCl

4 
to be seen. 

By spending more time leaching the melt in (3) and by using several 
por"\:;ions of leaching ar;ent the chemical yields might be made almost 
q uan ti to. t i va • 

7/27/49 
P-18-115 



77-3 

CHE1ITCAL SEPARATIONS 

Element sopar~tGd: Iridium Procedure by: -,-rolfe 

T~rget matcrinl: Urnnium metal (~ 1 gm) Time for sepln: tV 1 1/2 days 
when sopara. ted wi th 
Pt and Rh 

Type of bbdt: 308 Hev nlph~s Equip~nt required: Specinl 
distilling flask, 
centrifuge, sep. funnels 

Yield: 3-5% 

Degree of purification: At least 104 from 0.11 fission products except 
rhodium. 

Procedure: 

(1 ) 

(2 ) 

(3 ) 

(14 ) 

(5) 

(6 ) 

(7) 

(8) 

(9 ) 

(10 ) 

(11 ) 

P-18-249 

Cut out the central portion of the target .~nd boil with cone HCl 
to dissolve it ~nd to Gxpel Ge • 

. Add 5 mg I- and I0
3

- and boil the solution ngC'.in to expel iodine. 

Add 20 me; Os, Ir, Pt nnd Au cnrriers plus 20 mg Br., Ru, Rh ~nd 
Pd c~rriers. Withdr~w ~ 20% nliquot for l(l.tcr determinntions of 
Bn, Ru, ~nd Rh. 

Plnce tho remnining solution in c. special c.ll~glnss distilling 
fl~sk having 0. thistle tube entry and nn air entry. Add concentrated 
HNO

S 
through the thistlot1,lbe, and distill 0130

4 
into 6 ! NaOH in 

em ~ce buth. (Suve fo r Os determination (76-1). , 

PI~ce the residue from the Os distillation in a benkor, ~dd 10 
ml 70% HC10

4 
o.nd boil,tho solution to fumes of HCI0

4 
to expel Ru. 

Dilute the solution, add 5 mg more Ru carrier, and 5 mg more I- and 
I0

3
- nnd repent the fuming. 

Add one ml dilute Hel, dilute the solution to 4 N and cxtr~Ct ~Nice 
with equal volu~ butylncet~tc to dccont~minate-from Hg ~nd from 
Au. . 

Dilute the solution to r.J 0.5 N in H+ I add 5 ml dimethylglyoxime 
solution (1% in ~lcohol) nnd 1i Iter off the p~lladium ppt. 

Add cone Hel to supn to make rV5N. 
. ++ -

chorryred of Pt is ~ppnrent. 
~dd SnCl

2 
dropwiso until the 

Extr~ct the Pt with three equnl portions of butyl acetnte. 

Fume tho c..queous layer wi th HalO to prQP~ro for the pyridine 
extrc.ction of Rh ~nd Ir. (CAUTI~N: Sime tho solution contc.ins 
org~nic material (dimcthylgiyoxim0 nnd butyl acetato). c~rc must 
be tnken to nvoid an explosion. FollOWing tho method of Noyes--­
and Bray fbi: do-stroying organic' ll1'l tcrinl with HClO 4 ndd HNOg to 
tho solution. evaporate on a steam b~th for ono-h~If hour, then 



(12 ) 

(13 ) 

(14 ) 

(15 ) 

77-3 (page 2) 

heat gently to fumes· of HCIO. Add an additional 10 ml of HCIO 
and fume the solution stron~1y for soveral minutes. to destroy %he 
chloride complex of Rh and Ir. 

Cool the solution, dilute to 4 N and add 20 ml pyridine~ 

Boil the solution for five minutes, placo in a sepo.ratory funnel, 
and add 19 N NnOH to separute the froe-buse pyridine lo.yer (the 
high concentro.tion of No.OH is merely to keep-the volume low.) 

Wash tho darlf: blue pyridin~ layer threo time s with equal volumos 
of dilute HCl l ,soparating the layers each time with 6 ! NaOH. 

Add a few drops of 6 N NaOH to the pyridine lo.yer and ovaporate 
the pyridine off. -

(16). Pnss H.,S into the boiling ulkuline solution for several minutes, 
while ~he solution is ncidified dropwisc with HCl. Sulfides of Rh 
and Ir ppt. 

(17) 

(18) 

(19 ) 

Dissolve the ppt in n little aqua regia, o.ndfume strongly with 
cone H

2
S0

4 
to convert completely to the sulfate complex. 

Dilute tho solution with water ~~enty to ono, boil and ppb Rh metal 
by adding TiC1

3 
drop''liso until 0. very slight excess is pros·ont. 

Dilute the supn (contc.ining Ir) to 0.5 N in H+; cool in ico and 
ppt Ti with cupferron. Filter off. -

(20) Add 5 mg Pd and Pt carriors and ppt tho Pd dmg. Discard. 

(21 ) 

(22) 

(23 ) 

(24) 

(25) 

Rema.rks: 

HoatthG supcrnato.nt to boiling and neutralize to tho brom cresol 
purple cnd-point with NnHC0 3 .solution, o.dding bromo.to to 'oxidize 
the iridium up to tho plus four state. HYdrated Ir02 is precipito.tcd 
leaving Pt in solution. 

Dissolve the ppb in a littlo cone HCI, und add 0. fow mg of Rh co.rrior. 

Fume with H
2

S0
4 

o.nd repeat the .Rh pptn with TiC1
3 

(stops 18-21). 
Although the T1C13 pptn of Rh l~aves only about 0.1% of the Rh in 
solution, Rh activity may be 10 timos as high as thnt of Ir 
and hence a singlo separation may still leave several times as much 
Rh uctivity in solution as Ir activity.) 

After the Rh pptn, ppt mctnllic Ir from the Hel solution of the 
Ir0

2
by addition of powdered magnesium. 

Weigh the Ir to determine chemical yield and count. 

Rh J Ir, nnd Pt should be separated from one bombardment leaving Os, Ru 
nnd Pd for u second bombardment unless several people arc oooperating on 
tho procedure. 

The yield of activity of Os, Ir, nnd Pt is very low in comparison with 
P-18 .. 248 
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tho.t of tho other platinum metals and nlany other fission products formed 
in the bombardment. This fact nQcessitates. for Ir a.nd Pt, rigorous and 
repeated decontamination procedures which result in low chemical yields. 

For other ph tinum meta.l-fission produc t scpa.ra tions soo, 

PlC\ tinum; 78-3 
Osmium; 76-1 
Ruthenium; 44-2 
Rhodium; 45-1 
Palla.diumj46-5 

This procedure should be practiced severa.l times before actually applyin~ 
it to a bombardment. sinoo in several of tho steps the conditions for 
scpC\rntion are quito critical. For this reason und for its poor chcmicC\l 
yield, this procedure i-s not considered a. good procedure. To duto. however, 
it is the best procedure th.".t hus boen worked out for making the required 
sepa.rations. It is an accept2..blc procedure from which some mdioacti vi ty 
datc\ ma.y be obtC\ined and can servo as C\ stnrting point for work on other, 
better procedures. 

8/17/49 

P-18-247 



CHEHICAL SEPARAr IONS 

Element separated: Iridium 

Target rna teriul: Rhenium 

Type of bbdt: 60 11 

Yield: 70% 
,\ 

77-4 

Procedure by: Chu 

Time for sep t n : rV I hour 

Equipment required: distilling 
'flask 

Degree of purification: Factor of 100 from other activities present 

Advan '\.nges : Simple 

Procedure: 

(1) Pour the Re powder into the distilling flask. 

(2) Add 10 mg Os carrier and close the flask. 

(3) Insert the outlet tube of the flask into ioe cold 6 N NaOH soln 
(10 cc). 

(4) Introduce 3 cc conc HNO
S 

through the inlet tube of the :flusk. 

(5) Supply 0. little air through the inlet tube und heat the flask 
gently for the solution of Re and the distillation of Os04 for 
about 10 min. 

(6) Add 10 mg Ir carrier to the Os-removed "target" soln and eva.pora te 
to dryness. 

(7) Take up the res idue with 3 cc H
2

0 and add 5-6 cc conc. formic acid. 

(8) Heat in boiling H20 bath for 10-15 min. 

(9) CentrifUge the pptd Ir. Reprecipitation may b~ used for further 
purity but usually is not necessary. 

Remarks: For osmium separation from sane target see (76-2). 

8/17/49 
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CHEmCAL SEPARATIONS 

Element separated: Plctinum Procedure by: Wilkinson,Hicks 

Tnrget na te ria.l : Pt, Ir, Au, F..g Time for sepln: 1 hr.- 4 hrs. 

Typ; of bbdt: 60", 184" bombardments Equipment r~quired: 
sept funnel 

Yie ld I V\ 100% 

Degree ·of p~rification: Decontaminates well from Au, Ir, & Hg 
" 

Advantages: Carrier free Pt can be obtained pure. 

Procedure: 

(1) Dissolve tar~ets (except Ir) in HCl 'with minimum of HN03• (For Ir 
see 77-1). 

(2) Add Au, Re, Pt & Ir carriers as needed. Extr8.ct the solution 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 extra,ction. 

(3) Destroy ull nitrate with hydroxylamine, or hydrazine, then add 0.1 
gmt ~nC12' Centrifuge out any ppt (Hg2Cl). The red color is 
PtOl

4 
wh~ch is extracted into ethyl aceta~e. 

(4) Organic layer is washed twice with equal volume 6 N HOI, then 
evaporated to dryness. 

(5) Residue is taken up in 2 N HOI, Pt metal is precipitated with 
rnEl.gnesium metal in form of powder or dust. (Donlt use Zn since 
forms slow dis so 1 vinE; sponge. ) 

Remurks: See G. Wilkinson, Phys. Rev., 73, 252 (1948). Also, see G. llilkinson, 
Phys. Rev. ~} 1019 (1949). 

6/25/49 
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CHEIUCAL SEPARt, TIONS 

Element separated: Platinum Procedure by: Thompson & 
Rasmussen 

Target material: Iridium foil Time for sep'n: 1/2 hr. 

Type of bbdt: 104" protons (any energy) Equipment required: 
small porcelain crucible 
transfer pipettes 
cen trifuge tube 

Yield: V\ 70% depcndine; upon stop (3) 

DcgNe of purification: at least factor of 100 

Advo.ntages: A simple, reasonably .fast procedure for solution and separation 
with a target metal (Ir) extremely resistant to dissolution in aqua 
regia. 

Procedure: 

(1) Make 0. molt of EOn and KN0
3 

(LIt 50-50, not critical) in a small 
porcelain curcible, heating stron~ly over 0. Fisher burner. 

(2) To this hot flux add the target Ir m~tal, continuing to heat 
(and adding KOH if volume of flux gets too small) until the 
motal is completely disso1V"cd. (for 0. smull strip of I mil foil 
this should tako no longer than 5-10 min.) 

(3) Allalv flux to cool,thcn leach for ",5 min. wiJeh conc. Hel, 
adding Au and ?t carriers in smull amount. (Ir gives strong 
bluo,colored sol'n) 

(4) Ex:tract twice with ethyl aceta.te to remove Au. 

(5) Add a little SnCl
2 

solution in HCI to the aqueous pha.se until 0. 

dark red coloration (H2PtCl
4

) indicates the reduction of Pt from 
+4 to +2 state is complete ~Seo remarks.) 

(6) Extract the red coloration (pt) into ethyl acetate. Wash organic 
layer t1l'lice with equal volume of 3N Hel. 

(7) Plc,te organic layer & flame. 

Remarks: 

P-18-117 

As most Ir foil contains about t~ 1% Pt inpurity, it is well to provide 
0. step for cxtro.ction of Au a.ctivi ties, whether or not the Au is 
~esired for lo.tor 1ivork, even if it is I simply u proton bombarded Ir. 

On SnClz reduction the strong blue coloration of Ir(+6?) disappears, 
permitt~ng the red of reduced HzPtCl

4 
to be seon. 
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By spending more time leaching the melt in (3) and by using several 
portions of leaching agent the chomical yields might be made nlmost 
quanti to. ti va. 

For Au sep'n from same target see (79-4). 

For Ir sep'n from same target see (77-2). 

Tl if present should be checked for interference with this procedure. 

7/27/49 

P-18-116 
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CHEHICAL SEPliR1'~ TIONS , 

Element separated: Plc.tinum Procedure by: Wolfe 

Target material: Uranium metal (nVl gm) Timofor sep'n: C'\Jl 1/2 dnys 
when separated with Ir & Rh. 

Type of bbdt: 388 1fuv ulphas Equipment roquired: Specinl 
distilling flask, centrifugo, 
sep. funnels p standard 

Yield: f'V 5 % 

Degree of purific(\tion: At least 104 from all fission products. No impuritios 
detected in rudioactivities. 

Procedure: 

(1) 

(2 ) 

(3 ) 

(4) 

(5 ) 

(6 ) 

Cut out the centrc.l portion of tho target and boil with concontrc.ted 
HCI to dissolve it und to expel Go. 

Add 5 mg 1- und I0
3 

- und boil the solution again to expel iodine. 

~dd 20 mg Os, Ir~ Pt, and Au carriers plus 20 mg En, Ru, Rh and 
Pd carriers. TTi thdraw u 20% aliquot for later detorminations of . 
Ba, Ru and Rh. 

PIQce the romuining solution in a speciul c.ll-glass distilling 
flc.sk having a thistle tube entry und an air entry. Add conoentrated 
BNO", through the thistle tube, and distill OsO~ into 6 N NuOH in 
un fcc bath. ,(Save for Os determination (76-1j). .~ . 

Pl~co tho residue from the Os distillution in a benkerJ add 10 ml 
70% HCl0

4 
and boH the solution to fumes of HCl04, to 'e)..1'ol Ru. 

-Dilute tho solution, udd 5 mg more Ru carrier, und 5 mg more I and 
103 - CJld re pout the fuming. 

(7) ~dd one ml dilute HCI, dilute the solution to 4 N und oxtruct 
~lice with equal volume butyl ace~~te to docontruminate from Hg 
und from Au. 

(8) Dilute the so lution to f"IJ 0.5 N in H+, add 5 ml diIilothylglyoximo 
solution (1% in ulcohol) and filter off the palludium ppt. 

(9 ) Add conc Hel to supn to make ~ 5 N. 
chorryrcd of Pt++ is apparent. 

Add SnCl2 dropwiso until tho 

(10) Extract tho Pt with :three equal portions of butyl acetate. 

(11) 'flash the platinum out of tho organic layer with 6 N NuOH, ucidify 
to 5 N HCl and reoxtract into butyl acetate. Repeat cycle. 

(12 ) 

(13 ) 
P-18-l80 

Wash Pt from ore;c.nic layer into '6 N N~OH and ppt PtS from this 
alkuline solution gradually acidified to 6 !. ' 

Dissolve the sulfide ppt in aqua regia, mnko alkaline ~nd scavenge 
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twice with 5 mg pptns of I.n(OH)3. 

(14) Buffer tho supniilith a.cet(\tc a.nd scavengo throo timos with 
I mg pptns of Mo nnd Pd with. 8-hydroxy quinolino, 

(15) Mftke solution a.cid and ppt pIa. tinum me tnl with powdered magnosium. 
Woigh tho metnl to determine chomical yield a.nd pIa. to. 

Remnrks: 

Rlf. Ir and Pt should bc sepo.ra.ted from one bomb.:\rdmont Icavine Os, Ru 
a.nd Pd for n second bomba.rdment unless severa.l people a.rc coopor~ting on 
the procedure. 

The yield of activity of Os, Ir. and Pt is very low in compc.rison 
with that of tho other plc.tinum metnls a.nd mo.ny other fission products 
formed in the bomba.rdmont. This fa.ct noc08si tatcs, for Ir nnd Pt, rigorous 
nnd repoq. ted doconta.minn tion procedures Hhich rosul t in low chemicc.l yields. 

For other pla.tinum mctn1-fission product sopa.ra.tions seo: 

8/16/49 

P-18-179 

Iridium: 77-3 
Osmium: 76-1 
Ruthenium: 44"';2 
Rhodium; 45-1 
Palladium; 46-5 
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CHEMICAL SEPARATIONS 

Element separated: Gold Procedure by: Wilkinson, Hicks 

Time for sep'n: 1/2 hr - 4 hrs. Target material: Pt, Ir, Hg, Au 

Type of bbdt: 60" or 184" cyclotron Equipment required: sap. 
funnel 

Yie Id: 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-~ 

Dissolve Pt, Au, or Hg in aqua regia. 
To dissolve Ir metal: (see 77-1). 
(AuC1

3 
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. 

Wash ethyl acetate layer twice wi th equal volume 6.!'! HcL 

Evaporate ethyl acetate layer to dryness & take up residue in 1 N 
HCl. 

+3 Bubble in S02 to reduce Auto Au in the hot. 

Soc: G. Wilkinson, Phys. Rev. 73, 252 (1948) 
See also: G. Wilkinson, Phys. '1rev. ~, 1019 (1949) 
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CHEMICAL SEPARATIONS 

Element separated: Gold Procedure by: R. W. Fink 

Target material: Tracer mercury Time for sep'n: ~ 10 min. 

Type of bbdt: liilking experiment 

Yield: Can be quantitative if
e 

several extractions made. 

Degree of purification: at least 103 from Hg activity present. 

~Procedure: 

(1) Tal:e Hg tracer in 4 ml of V1 3 N HCI and extrac t 'with 500 1\of 
isoamyl acetate. (The presence-of at least 0.1 ~r C1- is required 
for a s.epn from Hg.) - Au into the organic layer. 

(2) Wash the organic layer with equal volume sat NH
4

C1 sol 'n to insure 
sep'n from Hg. 

(3) PIa 1:;e organic layer for Au sample. 

Remarks: Tl if present will follow Au in the solvent extraction. 

7/12/49 
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cma.rrCAL SEPARATIONS 

Element separated: Gold (quick procedure) 

Target material: Gold in leaf form (.004 mil ) 

Type of bbdt: 184 11 Hishenergy protons. 

Yield: ~ 100% 

79-3 

Procedure by: Thompson & 
Rasmussen 

Time for sep tn: 4-10 min. 

Equipment required: 
Centrifuge tube. Micro­
pipettes 

Degree of purification: Adequate separation from Hg and spallation products, 
at least factor of 50. 

Advantages: Extreme speed and simplicity combined with reasonable purification. 

Procedure: 

(1) Dissolve Au in warm 6N aqua regia (2~J'HN03' 411 HCI) in centrifuge 
tube. Work in small VOlume (1-2. ml.)- . 

(2) Add hold-back carriers for Hg, Pt, Ir, and Os(V\1 mg each). 

(3) Add (1 to 1/2 mI.) ethyl acetate. Agitate, mixing phases with 
transfer pipette. (Yellow color of gold quantitatively extracts 
into organic phase.) 

(4) Wash the sep~ra ted ethyl acetate phase once or twice with 6 N 
aqua regia. (Any wash of hi,o,;h chloride concentration serves to 
remove Hg, although Tlif present may not be entirely washed out.) 

(5) 'fhe 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 
l'Tilkinson, but of lower yield ~50% is as follows: Precipitation of 
Au as t1:J.c metal by 802 reduction, bubbling 802 through a warm 2 N lili03 solution of the'. .' dissolved gold. The ppted Au can~e 
redissolved' in aqua regia & extracted with ethyl acetate for counting. 

Getting the Au from ethyl acetate into 2 N HNO preliminary to the 802 
ppt tn can be done in several ways, such as, (a; evaporation of ethyl 
aceta te - Au solIn (Use hot plate for ethyl acetate is flammable) and 
taking residue up with 2rr HNO

S
' or (b) adding 1 ! KOH to ethyi acetate -

Au sol tn, 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 lINOS ~ 

7/27/49 
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CHm:UCAL SEPARATIONS 

Elemont separated: Gold 

Target material: Iridium foil 

Type of bbdt: 184" (any energy) 

Yield: V'70%, depending on leach 

Degree of purifioation: at least 100 

79-4 

Procedure by: Thompson & 
Rasmussen 

Time for, septn: 20 min-l/2 hr. 

Advo.ntages: A simple, reasonably fast procedure for solution and separation 
with a target motal (Ir) extremely resistant to dissolution in aqua regia. 

Procedure: 

(1) Make 0. melt of KOH a:nd KN0
3 

(10"'\50-50; no,t critical) in a small 
porcelain crucible, heating strongly over a Fisher burner. 

(2) To this hot flux add the target Ir metal, continuing to heat 
(and adding KOn if volume of flux gets too small) until the metal 
is oompletely dissolved. (for a small strip of I mil foil this 
should take no longer than 5-10 min.) 

(3) Allow flux to cool, then leaoh for V). 5 min. with oonc. HCI, adding 
Au and Pt oarriers in small amount. (Ir gives strong blue colored 
solIn) 

(4) Extruct twice with ethyl acetate to remove Au. 

(5) Combine organic layers and wash i;v</ice with equal voluno 3N HOI. 

(6) Plate organic layer and flame. 

Remarks: 

As most Ir foil contains about V\l% pt impurity, it is well to provide 
a step for extraction of Au activities, whether or not the Au is desired 
for later work, even if it is simply a proton bombarded Ir. 

On SnC12 reduction the strong blue coloration of Ir(+6?) disappears, 
permitting the red of reduced H2PtC1

4 
to be seen. 

By spending more time leaching the me It in (3) and by using several 
portions of leaching agent the ohemioal yields might bo mude almost 
quantitative. 

For Ir septn from sruno target see (77-2). 

For Pt septn from same target soc" (78-2). 

Tl if present should be checked for interference with this procedure. 

7/27/49 
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80-1 

C!DMICAL SEPAPATIONS 

Element separated: ~ur~ Procedure by: R. ;:J. Fink &. 
D., G. Karraker 

Target material :PlatiniuIil Time for sep'n: 60 minutes 

Type of bbdt: 65 Mev a.-partioles 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 targe;G dissolved in 4 cc aqua regia in a porcelain crucible. 50 ~ 
grAU and Hg carriers added. SolIn evaporated to expel~ HN03 • 

(2) Extracted 5 times 'with 1/5 volume of isoamyl acetate in presence' 
of at least O.l-N HCI. The isoamyl acetate layer contains gold 
free from mercury. 

(3) The aqueous layer has e:wess ~~C12 added to ppt Hg2C1 2 • The Pt is 
reduced to a beautif1,l.l red Pt color. The ppt is washed until free 
of this color. 

(4)_. The ppt is dissolved in diL aqua regia and used as the mercury 
fraction. 

Remarks: (a) Recycling vlill improve purity, although this method has been 
shown to give excellent radiochemical purity. 

7/14/49 
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CHEMICAL SEPARATIONS 

Element separated: ~~rcury 

Target matierial: Gold 

Type of bbdt: 60 Mev protons 

Yield: Near 80-90% 

80-2 

Procedure by: R. W. Fink 

Time for sepln: 70 min. 

Equipment required: Standard 

De;ree of purification: Exoellent - faotor of 100 from activities present. 

Prooedure: 

(1) The cold targe o

:: is dissolved by hea tine; in 4 oc hot, conc. aqua re£;ia. 
Pt and Hg carrier (50 ~g) are added. Five or more extractions wi th 
isoamylaceta te, 3 cc each portion are made. The Gold will be found 
in the organic layer. 

(2) The aqueous layer is boiled to near dryness with conc. Hel to expell 
HN0

3
, and excess SnC12+~dded to ppt. Hg

2
C1

2
, which is then washed 

unt~l free from red Pt color. 

(3) The Hg2C12 ppt is then redissolved in 2 cc dil. aqua regia, and 
used as tile mercury fraotion. 

ReIlJ3. rks : 

(9.) 0 The isoamyl aceta. te extraction 0 of gold from mercury is quanti ta ti ve 
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 

80-3 

Procedure by: R.ri. Fink & 
S. G. Thomps on 

Target material: Gold or platinum' Time for sep'n: 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 Mtiyity to work with but by no means 9uantitative.For more 
yield heat longer. 

Degree of purification: Extremely pure. 

Advanta'·;es: For short Hg half-lives when quick samples are desired for 
countine. Definitive purity. 

Procedure: 

(1) The tarcet is introduoed 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 oement. 

(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 unwashab1e 
mercury activity which spews forth when the vaporizer is hot. 

(b) 

7/12/49 
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The vapor pressure 
2 atm.; while that 
Hence, at 10000 K, 

. 0 
of Hg at only 400 C is 1574.1 mm of Hg, 
of nol ten Gold at 12920 C is only 0.001 
a complete separation is attained. 

T 1 if present will follow the Hg in this procedure 

over 
mm. 



CHEI-neAL SEPARATIONS - . 
Element sepa rated: Mercur~ 

Target material: Au 

Type of bbdt: Neutron car)'ture 
in pile 

Yield: ? probably 60-80% 

Degree of purification: N· 95-9f?% 

80-1 

Procedure by: Prohaska 

Time for septn: 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) 

(3 ) 

Dissolve sample (assume 100 gms of Au) in 250 ml hot cone. HCl 
and minimum HN0

3 
under (air cooled) reflux condenser. 

[.'hen sample comple tely d isso lved, dilute to 500 ml (approx 
6 !! H+). Extract with four successive 200 ml portions of ether. 

Add NaOH to H
2

0 portion until pH·--;; 1-
Centrifuge~ 

(4) Dissolve ligS + AUZS3 in (minimum) 6 !HCl + dro1?s conc.liN03 , 
volutne 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 AuCI

4
- observable in H2O portion. 

(6) Extract "Ii th 2 additional 50 ml portions of ether. 

(7) Again reduce pH to ?! 1 with NaOH and ppti HgG with H2S. 

(8). Repeat the solution and extraction procedure. 

Remarks: 

In the three ether extractions, an estimated 20%-30% of the HgC12 
would be extracted along with the AuCls • 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: Tha llium 

Target material: HgNOS 

Type of bbdt: Linac 2 min. of 30 Mev 
protons 

Yield: . 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 cc of H20 containing 20 mg T1 N03• Shake well. 

(3 ) 

Remarks: 

6/16/49 

Pour off' HgI4 - sol 'n, dry ppt and count. 

HgN03 decomposes somewhat even in a 2 min. bombardment. 
Don't use it in a oyclotronl The Linac targets are not 
in a vacuum. . 



81-2 

CII.SMICAL SEPARATIONS 

Element separated : Thallium Procedure by: Orth & lJeinke 

Target material: Gold foil Time for sep 'n: V' 30 min. 

Type of bbdt: 60" ci bbdt. Equipment required: Standard 

Yield: V"' 90% 

Degree of purification: At least factor of 10 from other activities present. 

Procedure: 

(1 ) 

(2 ) 

(3 ) 

(4) 

Dissolve Au target in aqua regia (1:9 HN0
3 

to HC1) add (5 m£". Tl+ 
. d r: H ++ . carrler on ;) mc.; g carrler. 

Add NH
2

0H·HC1, ppt Au metal & reduoe to Hg
2

++, Tl+. 

Neutralize with Na 2C0
3 

(keep cooll) ppt Hg2C0
3

• 
, 

To sup'n add sat. soln o.rKI or few drops of HI, precipitating T11. 

Remarks: The 90% yield can readily be obtained if the Tl is. plated from,othe 
solIn of (3). ~f' the T1 isppt as TIl yield may be only".,:.. 75~~. 

7/12/49 
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81-3 

CHEMICAL SEPARATIOnS 

Element separated: Thallium Procedure by: Neumann . 
Po.rent material: Lead Time for sep In: 10 min~ 

J1Tilking experiment Equipment required: no 
special equipment' 

Yie Id: I'V 96% 

Degree of purification: ( 0.01% Pb contamination 

Advantages: Extremely good Pb-Tl separation 

Procedure: 

(1 ) 

(2 ) 

Pb to be milked kept in 10 ml of 6 N Hel solution. Tl carrier 
may be added if desired, but is not-necessary. Add 3 or 4 drops 
of KMn0

4 
solution to insure oxidation of Tl to Tl+,++ .. Stir solution 

until loss of brown color. 

Add 10 ml of Eel saturated diethyl ether. (The ether can be 
convenien tly prepared by shaking wi th cone. HOI and ailOVline; the 
two layers to stand in contact until ether is needed). Stir about 
3 ~in. Centrifuge~ Remove ether layer containing the Tl+++. 

(3) Extract a second time by same method. Combine ether layers. 

(4) Wash ether with 10 ml portion of 6 N HOI. Centrifuge. 
ether to new tube. 

Transfer 
F 
,~ 

(5) Evaporate ether with jet of air to convenient volume. If' entire 
so.mple is to be counted, the remaining ether can be evaporated on 
counting plate. If only an aliquot is desired, evaporate to 
dryness and take up residue in desired volume of water. Addition 
of a drop EN0

3 
and heating will help in obtaining complete solution. 

Rennrks: 

T1+ does not extract. Addition of KMh0
4 

to insure oxidD.tion to Tl+++ 
is impor to.n t • 

Since the time for separation is qUite long for 0. milking procedure, 
the steps prior to final separation should be done at tha same relative 
time intervals in each milking. 

1"-0 extractions give> 9910 yield. The washing with HOI r~59ves rv4% 
of Tl. Th8 ()1'Brall yield of Tl is reproduci"ble. 3 yr Tl ':l: can be 
used conver:i.o;ntly as a tracer to deto:':'L1ine 0hemica1 yie 10.. 

8/12/49 
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82-1 

CHEMI CAL SEPARA.TIONS 

Element separated: Lead Procedure by: Karraker 

Target material: Thallium Time fo r sep 'n: \1\ 1 hour 

Type of bbdt: 60-80 Mev D+ or H+ Equipment required: .. No 
special equipment 

Yield: Vl 95% 

Degree of purification: Good, factor of at least 100. 

Advantages: One-step is usually sufficient purification. 

Procedure: 

(1) Dissolve Tl target in 6 !H2S04 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 802 appear and the solution 
is quite concentrated. 

(3) Dilute ~ully with 2 volumes of H20. PbS04 , white ppt, appears. 
Wash ppt with 2').!!H2S04 , then with H20. If desired, this may be 
dissolved in NH4Ac and reppted as PbCr04 • However, it is usually 
sufficiently pure without further steps. 

Remarks: Add cone H~SO~ to w~t0r, not water to acidl1 

7/14/49 
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82-2 

CHEMIC.l'lL 8EPAW" TIONS 

Eloment sepo.ra ted: Lead Procedure by: Neumann 

Parent mnterial: bsmuth (20 mg or less 
carrier) 

'rime for sep In: 5 min for 
sopnrn tion, 15 min. for 
purificntion 

Mi lking oxperimGn .. ~ Equipment required: no 
special equipment 

Yield:' N 85% 

Degree of purifiQltion: (0.05% Bi contaminntion 

Procedure: 

Bi purified, final step being precipitntion as BiOCl (obtainnble by 
method listed in steps 1-3.) (eo.n dissolve Bi from Ni foil of 83-1 
and proceed with BiOCl pptn and step (1) below.) 

(1) - Dissolve in few drops conc. HNOs ' 
Pb(N03 )2" Add 3 drops oono. HCr. 

Add 10 mg Pb carrier (preferably 
Dilute to 'V 8 ml. 

(2 ) 

(3) 

(4) 

(5) 

(6 ) 

(7) 

(8 ) 

(9) 

(10) 

P-18-147 

Add NH3 dro~1ise until permanent precipitate just forms, and thon 
EN0

3 
dropwiso until solution just clears. 

l,-t desired time for milking diluto .to 45 ml und heat in wa tor bath 
for 0. fewminutos. Fine crystals of BiOCl should form. Centrifuge, 
and retain BiOCl for future milkings. 

To the supernatent add 0. drop of NH3, If the solution remains 
clear you havc obtained 0. good separation. 

~\dd 2-3 ml of Nn2Cr
Z

O solution to cnuse precipitation of PbCr0
4

• 
Contrifuge, and discntd supernatant. 

Dissolve PbCr0
4 

by nddition of 2 ml 4 N HCI nnd one drop 30% 
H202" Hcnt in watcr bath to dostroy excess H

2
0

2
• 

Add 20 mg innctivc Bi cnrrier and repeat BiOCI separation by nbove 
methods. Ropea t pree ipi ta tion of PbCr0

4
" 

Dissolve PbCr04 as in stop (6), 

Dilute to nny desired volume and mount o.liquots for counting. Tho 
results are reproducible, o.nd chemical· yield determinntions arc 
not necossnry. If the latter are desired, proceed with stop 10: 

Add 5 ml cone H
2
S0

4
, Ew.pornte to fumes of 8°3 0 Resulting 

will be 2-3 ml. Cool. lJilute cnrofully to rv 40 mI. Cool. 
dry, nnd weigh PbS04• 

volume 
Fil tor, 



82-2 (page 2) 

Remo. rks: 

Any single prcc ipi tntion of BiOClundcr these conditions gives 0. 

yield of 98-99% Bi. with 8% of the Pb reto.ined with the Bi. One Bi 
scavenge of the sopu~.tod Pb should. be sufficient purifico.tion from 
the parent. 

In calculating the life of the parent from consecutive milkings of 
the same Bi solution correction shouid be mado for tho 3% of the daughter 
retained with the parent. 

purification of Pb o.s PbS0
4 

gives varying yields. ['.nd determination of 
chemical yield by weighing is necessary. 

Where the Pb fractions will bo further milked for Tl (81-3) stop n t 
step (8). 

8/12/49 
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CHEHICAL SEP"'';Jul. TIONS 

Element separated: Load 

Parent rnntorial: Polonium 

Milking Experiment 

Yield: 95-100% 

82-3 

Procedure by: Ifurraker 

Time for sep'n: 5 min. 

Equipment required: St~ndard 

Dogreeof purification: factor of 106 from Po with two washes. 

Procedure: 

Po is in 20% tributyl phosphate in dibutyl ether mixture. To milk 
solution: 

(1) Extract with equal volume of·6 H Hel. Bi & Pb go into wa tor phaso. 

(2) Wash Hel extract twice with 1/10 its volume of tributy1 phosphate 
solvent. -~l.dd the first portion to the Po sol'n, then discard 2nd 
portion. 

(3) Add 1/2 rng Bi and 1/2 mg Pb carri 0 r, (pptn lTJD.dc from tV 4 cc vo 1 umes. ) 

(4) To separate Bi and Pb, the procedure is almost identical v1ith that 
of Neurno.nn. (82-2). 

(5) Thallium daughters of the Pb rno.y be separa.ted by oxida.tion and 
extraction with ether. (81-3). 

8/12/49 
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CHEMICAL SEPARATIONS 

Element separated: Bismuth 

Target material: Pb 

Type of bbdt: .protons or deuterons 
184 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 TI 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 9-ray spectrometer. 

Procedure~ 

(1) Dissolve Pb target in 6 NHN03 • Keep volume as small as possible. 
Add v~ter if necessary to give complete solution. 

(2) Add 8 N NaOH dropwise until formation of Pb(OH)Z. Add HN03 drop­
wise until solution just clears. 

(3) Place Ni foil in solution. Bi will electrochemically replace Ni 
on foil. Keep solution warm, 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 tha.t 
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 RNOS- Add 50 ~ grams 
Bi carrier and 20 mg La carrier. Precipitate La~OH)3 and Bi(OH)3 
by addition of NH

3
• Trash precipitate with water and 1 dropNH3 • 

Dissolve in few drops Hel, 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 rough indication of yields to be expected, a volume of ""'40 ml, 
heated torv 85°C, and s~irred ~lowly with mechanicat stirrer gives these 
yields at various time intervals, 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 vfill also not be rode if it is produced 
in bombardment. 

8112/49 
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83-2 

CHEMICLL SEPARATIONS 

Element s.Jpnroted: Bismuth Procedure by: YlQ.rro.kcr 

Parent matori~l: Polonium Time for septn: 5 min. 

Milking experiment Equipment requirod: Standard 

Yio ld: 95-100% 

Degree 0 f purification: 
, 6 

Factor of 10 from Po with two w~shes 

Procedure: 

Polonium is in 20% tributyl phosphate, 80% dibutyl ether mixture. To 
milk" solution: 

(1) Extract with equal volume of 6 N Hel. Bi and Pb go into acid 
phase. 

(2) Wash Hel extract twice with 1/10 its volume of tributyl phospha.te 
. solvent. Add the first portion to the Po soln, discard the 
second portions. 

(3) Add 1/2 mg Bi and 1/2 mg Pb carrier (pptns made from rJ. 4 cc volumes). 

( 4) To s cpara. to Bi a.nd Pb, the procedure is almost identical with that 
used by Nou!n.'\nn (82-2) •. 

(5) Thallium daughters of the loud may be separated by oxidation nnd 
extraction with ether (81-3). 

8/12/49· 
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CI1E:UCAL SCP1L";,iTIONS 

Element separated: Bisnluth 

P:;rent ma terL:.l: Tr8cc:r Fa 228 and daue:hters 

Yiilking experiment 

Y:; e 1 d: tV 60% 

Proce'Jure ty: :'binkc 

Time for sep In: rJ 1 1/2 h0:'-lrs 

Equipment required: 
Centrifuge, stirrer:;, 
tank ~S 

3 l).:;{:roc of purific~:..tion: Factor of Gt lei.:1.st 10 from Pc. and at ler..st ~OO 
from Jther nctivities. Factor of at lec.st G from Pb. 

J:LsadvanL).';es: . Gives a thick plate - rather bc.6. for a lphn pulse ~Lnc.lysi s. 

Procedure: Purified trocer Pa in benzene -.eTA solution (procedure r'l-l 
,'!ith DIPK and 'rTf.\. extractions only). 

(2 ) 

Stir orgGnic lnY8r 10 min with oquC1.l 'Folume (j N HCI (dnup-l:.tor 
into acid layer - most of Paromuins wHh or!!.nnic layer). 

:[\8h the ncid layer three times lHi th double ·,·olume .4 Ii TTA in 
benzene, stirring: 5 min each. (Removes p~~ ). 

(3) Dilute :::..cid layer to N 2 ]'IT nnd add N 1/2 m~ i3i carrier. Bubble in 
tl

2
S gas to ppt Bi und Pb -Sulfides. Centrifuge. 

(4:) A[C'.in o..dd 1/2 mg Bi 'carrie" and repeat sulfide ;Jptn. Centrifuge 
and combine ppts of (3) and (4). 

(5) Dissolve sulfide ppts in few drops hot conc. HCI. Dilute to at 
least 1 ! acid nnd reppt sulfides by bubbling in H2S. Centrifuge. 

(6) Repeat step (5), four timos. 

(7) Dissolve sulfide ppt in few drops cone HCl,dilute toN6 cc o.ni 
boil to rid solution of HZS. 

(8) Add 1 mg Pb carrier and ppt PbS0
4 

by adding some 8°4-2 (H2S0
4

, 
(NH4)2S04' etc.) DiscQrd prepicltate. 

(9) Repeat step (8) three times. 

(10) Add r"Ss to supn from lo.st pptn nnd centrifuge out t.he BiZS
3 

formed. 

(ll) Dis solve the Bi
Z

S
3 

in hot aonc. HCl, dilute to known volume QUcl 

plate :11iquot for countin@;. Caution: Do not flume the BiOI,? 
plo.tc ;)r much of the activity mny be lost. d 



83-3 (pa.ge 2) 

Remnrks: 

In step (3) if th3 ncidity is greater than 2 E. the Di will not ppt. 

See Prescott and Johnson's Qualitative Chemica.l Analysis (1933) 
p 157 for notes on PbS0

4
" 

In some experiments no Bi'- Pb sepn is required and the solution of 
step (7) can bo plated directly. 



84-1 

CHEMICAL SEPARATIONS 

Element separated: Polonium Procedure by: Karraker 

Target tr.ateria1: Lead Time for sap tn: 1 1/2 - 2 hrs. 

Type of bb~t: 380 l"~ev He ++ 

Yie 1d: 80-90% 

Equipment required: S02 tank 

Degree of purification: Very good - less than 1% impurity. 

Advantages: Po is separated in a carrier-free state.(!) 

Procedure: 

(1) Dissolve target in 6 ! HN0
3 
•. 

(2) Heat· over a burner until the solution is evaporated to conc. HN0
3 (fuming). Pb (N0

3
)? ppts and may be centrifuged 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 a burner) 
till. HN0

3 
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 H20. 

(4 ) 

(5 ) 

(6) 

(7 ) 

(8) 

(9 ) 

Add V) 1 rug Te carrier. 
Centrifuge the Te off. 

Ppt Te with a fev, drops of conc 3nCl2 soln. 
This ppt carries Po and At. 

Dissolve Te in 1 drop conc. HN03, then add 1/2 cc conc. HCl. 

Pass in SO from tank into sol 'n in ~ hot water-bath. Te ppts, . 
carrying At The sol 'n now is about 6 N in HCI (constant boiling 
mixture), and contains the Po. - . 

Centrifuge off Te. It may he necessary to use Aerosol to coagula~e 
or transfer soltn to several test tubes to eliminate Te. 

Extract sol tn with an equal volume of 20;~ tributylphosphate in 
dibutyl ether. Po f:oes into the organic layer. 1,i':ash organic 
layer twice with 6 .! HCl to thoroughly decontaminate from Bi. 

Sample may be prepared by pluting a drop of organic sol 'n, or by 
extracting Po back out with conc mm

3
• Th~n dilute the HN03 • and 

chemically plate Po on a small piece of clean Age 

Rem.o.rks: 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. Hlm
3

, due to the extreme insolubility of 
,~~ (N

A
T0

3
!2 in fuming HNOS ' About 60)~ of the Po can be chemically pIa ~d 

Ou g ~n 10 min. 

7/14/49 
p-18:;.n 



CHE.MICAL SEPARATIONS 

.Element separated: Polonium 

Target material: Bi~muth 

Type of bbdt: 
+ .+ 

ISO'Mev D , or 350 Mev H 

Yield: 80-90% 

.84-2 

Procedure by: Karraker 

Time for sepln: 40 min to 
1 1/2 hrs. 

Equipment required: Standard 

Degree of purification: less than 1% impurity in sample 

Advantages: Po st;lpara'bed in carrier-free state. 

Prooedure: 

Procedure in general is the same as with Ph, 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 TIN03, but if BiZ03 is used, 
this can be dissolved in Hel, and necessity for destroy~ngHN03 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 
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84-3 

CHE1JICAL SEPAR.t'l.TIONS 

Elementscpurated: Polonium Proceduro by: Barton 

Mi lkings from At Time for sep'n: 40 min. 

Yield: N 90% Equipment required: test tubes 

Degree of purification: At least factor of 10 

Advantages: Simplicity. 

Procedure: 

(1) Astatine fraotion dissolvod in 1-5 ml organic solvent (benzeno; 
carbon tot., di-isopropyl ether, etc.) 

(2) Wash wi"t;h 1/2 ml of 2 ! H2S04, 0.25 ! FeS04 soln. (to keep At in 
zero stato.) 

(3) Wash H2S04-FeS04 lay~r twice with di-isopropyl ether. 

(4) Extract the Po from the E2S04-FcS04 layer with 20% tributylphos-
phnte, 80% dibutyl other mixture. . 

(5) Ew.pornte organic lnyer on plate with heat lamp. Do not flc.me 
or Po will be lost. 

s/n/49 
1>-18-175 



CHEMICAL SEPARATIONS 

Element separated: Astatine 

Target material: Bi 20S (N 1/2 gm) 
(or thorium metal) 

Type of bbdt: Any 184 11 or 60" 

Yield: Unknown. N 10% 

85-1 

Procedure by: Barton 

Time for septn: 15 min. 

Equipment required; Test tube 

Degree of purificati2n: Excellent, from all u emitters formed - at least 
greater t~an 10 . 

Advantages: Simplicity 

Procedure: 

(1) Dissolve BiZOs sample in 1/2-1 ml conc. HCI or ~S04' 

(2) Add small « 0.5 ml sufficient) Qmount di-isopropyl other, mix, 
separa te phases. 

(3) Plate out organic phase and count or suvo for milkings. 

Remarks: 

(Usc no more hea.t than heat lo.mp or 30 volts on an induction hoater 
while working with the plato or Ati.lIJill bo lost.) 

Step 1. Do not use HN0
3 

unless you want a small-scale explosion. 

Thorium metal can be dissolved i~}onc. HOland .Ol! (NH4)2SiF6soln 
(Vigorous reaction once sta.rted). (See 90-4). . 

See also AECD 1952 (ChemicaJ. Properties of As to. tine; G. L. Johnson, 
R. F. Leiniger, E. Segre.) . 

(1) See Phys. Rev. ~)18 (1949). 

iJ/:_.~/49 
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CHEMICAL SEPARATIons 

Element separated: Emanation 

Target material: Thorium metal (1 mil) 

Type of bbdt: 184" protons 

Yio1d: Small from metal;up to 50% from 
solutions 

86-1 

Procedure by: Ghiorso, l.~inke 

Time for sepfn: 5-15 min. 

Equipment required: 
special emanation closed 
sys tem wi th traps 

Degree of purification: Free from other a aotivity - does not separate 
from other rare gases. 

Procedure: 

(1) ~~tal1ic strips of Th which have boon bombarded with the full 
energy proton beam are placed in a small c1oocd.f1ask and heated 
to red heat with an induction heater for a period of one or 
two minutes. 

(2) Argon carrier is then passed through the flask and through a 
trap cooled with an ioc bath. 

(3) The carrier and Em arC then frozen out in another trap cooled wi th 
a liquid N2 bath. 

(4) The aotivity can be then introduoed into a sealed counting chamber 
and counted for alpha activity. 

(5) The activity can be shown to be a rare gas by transferring it 
back and forth fromcountor to trap using the liquid NZ 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 usod. 

The sam9 type 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 soparation' from At in these separations 
since in many cases, at least a small fraotion of tho At present"aots 
much like a gas and may pass through tho traps. A special trap to 
specifically remove At may be necessary in some cases. 

8/12/49 
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CHEMICAL S:CPARA TIONS 

Element separated: Franoium - Element 87 Procedure by: Hyde 

Target material: Thorium metal foil. Time for sep'n: 40 min. -
80 min. Typical target - 3 foils 1/2 11 x 1 3/411 

X .005 11
• 

Type of bbdt:22~8411 bbd~2!ith 100 Mev protons 
, to make Fr and Fr • 3~£3~f.ev proton 

Equipment required: 
oentrifuge 
stirrers bbdt to make 30 minute Fr~ 
50 ml centrifu@O cones 

Yield : estimated 10-50% 

Degree of purification: Clean separation from all eiements except cesium 

Procedure: * 
. (1) Drop thorium metal strips into 10 ml of hot 6 N HC1:* Add a few 

drops (lffi4 )2SiF6 soltn to clear up black res idue. Heat wi th 
infra-red lamp until dissolved. Evaporate down to 5 ml or less. 

(2) Transfer to 50 ml centrifuge cone. Cool in ice bath. Add 15 ml 
6 !IT HCl. Cen:~rifuge off undissolved 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 ac ide Stir oocasionally 1 to 4 
minutes. Centrifuge do.vn ppt of cesi urn s iliootungstate. This 
precipitation eliminates) 90% of total radiation. 

Wash ppt ~iice with 5 ml 6 ! ~Cl. From here on can use eiZ~2r of 
tw22gr:)oedures. Prooedure A ~s a short one useful when Fr or 
Fr is bein21~tudied. Procedure B is recommended for preparing 
30 minute Fr< • 

Procedure A - For short-lived francium isotopes. 

(1 ) A portion of or all of ~~e silicotungstate ppt is evaporated in a 
smull circle in the center of a platinum plate. This pIa teis set 
upon an aluminum plate and centered above a 1/2 in. hole in this plate. 
An asbestos washer is placed above. On top of the usbestos washer 
and covering the hole just above the sample plate is placed a second 
platinum disc, scotch taped to a 1/8 inch aluminum disc. The aluminum 
disc, piatinum disc combination is cooled with a lump of dry ice while an 
oxygen torch with D. small flame is touched to the bottom of the sample 
plate heating it strongly to red heat for 5 seoonds. The cooled col­
lector plate then bears a smooth deposit 

---~---.-----

* This procedure :i.s modeled quite closely after the fission product procedure 
for cesium described by Glendenin &: Nelson in AECD 255G-C. 

** HN0
3 

interfers with the subsequent pptn of cesium silicotungstate. 

For Th soltn see Phys. Rev. ~ 18 (1949). 

~l8-3l 
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**~,< 
of cesium as well as considerable silicn and tungsten. 

(2) This deposit is slurried off the plate with dilu·l:;e HCl. The silica 
and tungsten being insoluble are centrifuged off. The clear supernate 
contains the francium and can be used for chemical studies or 
evaporated on plctinum disc for counting measurements. Usually such 
samples are flamed again ns described nbove. The resulting collector 
plntes nre quite even and clean of everything except cesium. The 
amount of cesium originally added detennines the amount of solid 
on the pIn tes • 

Procedure B - For further purification o~ 30 minute francium. 

(1 ) 

(2 ) 

(3 ) 

(4) 

Dissolve silicotungstnte 
ferric chloride carrier. 
scavenger Fe(OH)3' 

ppt in 1 ml of 6 U NaOR. Add 2-3 drops 
(10 mg/ml) Stir.- Centrifuge down the 

To clear hydroxide supernate in 50 ml cone add wi th caution 5 ml 
of 70% perchloric ncid. Put on safety glasses or face shield and 
evaporate solution by s1;'Jirling over n bunsen flame until dense 
i;"hite fumes nppca.r. Continue gentle hoating one minute i Cool. 
Dilute to 10 ml~ Stir. Centrifuge off silica ppb~ 

Evaporate supernate to densQ whi to fUlIDS age.in. Cool. Cautiously 
*','** add 15 ml absolute alcohol. Cool in :in.e bath. Centrifuge. 

Dispose of supernate immediately as it contains ethyl perchlorate 
which is explosive when heated. 1'"\Tash. ppt twice with 5 ml absolute 
alcohol. 

Cesium perchlorate ppt my be dissolved in distilled water. This 
is the final francium fraction. If platos nre made it pays to 
volatilize the frnncium to a second plnte by the technique 
described in A(l) in order to get very smooth dopositli. 

A 30 minute bombardment of 3 thorium foits l.{g" x 1 3/4" X .005" 
worked up by Procedure B has produced 10 -10 c/m of 30 minute 
francium 60 minutes after bomburdmo~t. 

*** The volntility of cesium und of francium is believed to beco.used 
by a disproportjonntion of the oxide to peroxide nnd metcil. The 
metul distills;the peroxide decomposes to oxide and is ready for 

,0. new disproportiono. tion. 

Yiolds on the volatilization step vnry from 25% to 90% depending 
on nmount 0 f solid present and other factors. 'tVith plates con­
tUining only cesium, 75% hi.':her yields arc usunlly obtained. 

**** Alcohol is added because of the insolubility of cesium perchlorate 
in this solvent. 

6/28/49 
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CHEMICAL SEPARA TrONS 

Element separated: F:an~ (carrier free) 

P t t" 1 A 22 7 , , I' b' , th ttren 2~7eno.Z23 c 2U1n e qUl. 1 num 1.n 
,Th ~ Hn. ~ Pb ,etc. 

iTilking; Procedure 

Yield: 40-50% 

87-2 

Procedure by: J.M.Hollo.nder 
Time for SGp In: 1-2 hrs. 
Equipment required: . 

(1) Ion exchange column, 
2 em long, 2 rom in dio.meter. 
(2) Dowex-50 acid form resin. 
(3) 'Dllo Al"snmple mounting" 
plates~ 3 1/2" x 2 1/211

, 

wi th a 5/8" hole in the 
center. 

Degree of purificntion: At lenst a factor of 50 from Pb. Other pUrifications 
no t determined (a I s not counted.) 

Procedure: 

(1) The Ac should be in 0.5 - 1.0 cc of 2,!! HN0
3 

solution. Allow this 
solution to pass through the column, to adsorb the Th, Ac, and 
partially the Ra. 

(2) Elute with N 4 cc's of 2 ! HN03 (to bring off any Ro. which ha2 
adsorbed on the resin') at a qow rate of about 0.5 ml/min./cm • 

(3) Then elute with rv 2 cc t s of 4 !!,HN0
3 

to b ring off the Ac. 

(4) Evap this 4 N Ac fraction to dryness in a centrifuge cone~ then 
dissolve the-residue in water. ,Allow to stand 50-60 min. 

(5) AddN 5 mg Pb++ carrier, heat tho soln, ppt PbS by passing in 
H2S gas to this solution as it cools. 

(6) Centrifuge, reppt PbS from the .supernate. 

(7) Ev~porate supernate to dryness onto 0. Pt disc~ 

(8) This disc is set upon an aluminum plato and centered above a 5/811 

hole in this plate. An asbestos washer is placed above. On top 

8/11/49 
P .. 18-164 

of the asbestos washer and covering the hole just above the sample 
plate is placed a second platinum,disc, sootch 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 flame is touched to the bottom 
of the sample plate, heating it strongly to red hent for 5 seconds. 
The oooled collector plate should then contain most of the Fr. 
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CI-IEI,:ITCAL SZPA.l1A. TrONS . 
Element separC':-. ted: Radium Procedure "by: Heinke 

Target material: Thorium ( ........ 10 gm metal) Time for sepln: rV 8 hrse 

Type of bbdt: 18.1 11 full energy plrticles Equipment required: Standard 
plus centrifuges. of: 

250 :11 capacity 
50 ml capac i ty 
].5 ml capacity 

Tank HCI 

Yield: 25-50% 

Degree of purification: At least 107 from Thorium, and at least 104 from 
other alpha activities present in high yield. 

Advantages: Can be used to separate Ra with Ba carrier from large amounts of 
target material and (if coupled with column separation) to L~ive weightless 
fraction of Ra. 

I'rocedure: 

P-18-143 

(1) Dissolve the thorium metal target in concentrated Im03 with ~2ops 
of .2.u (NH4)2SiF6 soln added to malre the solIn tV .01 E SiF • 
(.\ large beaker sfiould be used to prevent bubbling over in ~he 
Vigorous reaction. The so lution needs to be heated to start the 
reacti'on but once started the reaction proceeds vigorously.) 
Cont inue addin£; cone. Im03 and (NH

4 
)2SiF6 solution until target 

completely dissolvc~ (may be an hour or ~vo for 25 mil pieces of 
Th. ) 

(2) Evaporate off most of HN03 leaving Th(N03 )4 crystals. 9aution: 
Do not evaporate to dryness or the nitrate will turn to T1102 
which is harder than the orieinal Th metal to dissolve. If some 
Th02 is accidentally formed use. the same combination of cone. 
HN0

3
, (11JILl)2SiF6 and heat to .dissolve it. Th02 is considerably 

eaSler to ~dlssolve inunedia tely after forming tnan after prolonged 
heating and standing. (Soe 90- 4). 

(3) Add 6 mg Ba ++ carrier to the crystals and dilute with water to 
I'V 30 cc. Transfer to 250 ml centrifuge bottle. 

(4) Add rv 16 co cone. 111i40H (precipitating Th(OH)4) dilute to 200 cc 
with water and digest" for several minutes. 

(5) Centrifuge nnd pou-r off supn (containing Ba and Ra plus other 
acti vi ties. ) 

(6) Dissolve ppt (amounting tu "-'125 cc volume) in tv 16 cc cone. HN03 • 

(7) Add 3 mg Bn ++ carrier, dilute to N 30 cc. 

(8) Add rv 20 cc cone. NH
4

0H ppting the Th (OH)4 dilute to ('0 200 cc wi th 
vm ter and digest for several minutes. 
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(9) Con trifuge and pour off s upn. 

(10) Repeat St0pS 6 through 9. 

(ll) Combine the three sup8rnatants from steps 5, 9 and 10. 1ivaporei:;o 
combined solutions until rv 200 cc. volume and transfer to 250 
m1 cent. bottle. 

(12 ) Add, 5 mr: 1.£'+4++ carrie rand 
~. + 

from any Th remainillg, by 
ppt. 

precipitate the La(OH~~3 plus Th(OH)t1 
the addition of conc HH

4
0H. Discard 

(13) Evaporate the supn to "J 40 cc and repent step 12. 

(14) Add Na2CO~ solution to the supn to ppt BnC0
3 

(carries Rn) digest 
for several minutes. Centrifuge. 

(15) Dissolve BaCO p ppt in'minimum of coner HCI (one or ~~o cc's pro­
bably enough). 

(16 ) Plnco in ice bath. Add double or 
bubble in HCl g;c,,s until water and 
and the Ba ppts out a s the BaC1

2
• 

triple volume of ether and 
organic layers become misoible 

Centri fuge • 

(17) Dissolve the ppt .in minimum of H
2

0. 

(18 ) Ropoe.t steps 16 and 17 twice (total of ;3 BaCl pptns). 
HCl-ether mixtures spatter readily when warmea. 

Caution: 

(19') The BaC~2 can be. used for a counting or further purifico. tion can be 
made us~ng a r6s~n column. 

Remarks: 

Usually a bout 50 [ms 2f5Th metal can be bombarded at once in the 
cyclotron to produce the Ra • Hence tile large centrifuge is necessary 
for tho separation of tho orie;inal Th(OH)4 pptns and purifications. 

'rho Th (OH)4 ppt is very bulky-occupying more than half of the tubo in 
step 4. However, with tho Ba ++ carrier added and tho tv·yo reprecipitc.tions 
of the thorium i·c is b8lievcd much of tho Ro. is recovered in the supornutes. 

The D.r:lounts ofN1-! OH and lIN0
3 

used should be calcula.tcd rather 
closely so us to allow iittlo excess, otherwise when the supn's 0.1'0 

evaporated to N' 40 cc (stop 13) the solution will be saturated wi th 
~rr{4N03 a.nd interfere with the BaCO

S 
pptns. 

In step 13 some of the yield is lost through the solubility of some of 
tho BaC0

3
, This mie;ht be recovered by destroying tho HH4N03 and 

roduc ing the volurr.c drastically before the ca.rbona. to precip~ tation. 

P-l8-142 
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Originally Ba and Cs. wore added as holdbo.ck curriers in tho Th(On)t1. 
ppts. Tho Ca, however, did not sopn)'ato as woll from the Eo. as expected 
in the later parts of tho procedure. 

Hhen working up 50 gms of Th, 10 gms at 0. time, residues might be 
combined and further recovery of Eo. lost in tho original procedure might 
be made. Also the EaCO.,. ppt of step 14 (first 10 gms) can be dissolved in 
conc. HN03 and used Q.S 8arrier for tho various stops of succeedine 10 gm 
portions - thus reduoing tho total amount of R~ in the final snmplo. 

10 grams is about the maximum amount of thoriUm practio0.1 to work up 
o.t ono timo by this prooodure using 250 ml oentrifuge bottles. 

If carrie r freG Ro. is noeded, BaCO.;) oan be pptd from the wa tor soln 
of tho end of step 18. This Bo.CO can oe dissolved in acid pH 1-2 and 
absorbed on Do1'JOX 50 resin. Tho ~r, En & Ru oan then be eluted in tho.t 
order by citrate at pH 7.5-8.0 (See E. R. Tompkins .\ECD-1998). This 
column proccdure~ however, ho.s net been included in the runs mado to date. 

8/24/49 
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CHEMIC.~L SEPAAATIOHS 
a .... @ 

Element separated: Radium Procedure by: Folger 
\ 

Target rna terial: N 3 g U metal Time for sep'n: N 1-11/2 hr. 

Type of bbdt: 184" high energy particles Equipment required: Centri­
fuge, cones- (50 ml-2 ml L 
ice ba.th. 

Yield: 50-7510 

Degree of purification:. rJ 10
3 

from other elements -- sufficient for mass 
spectrograph or ion exchange column. 

Advantages: Gives good yie 1d of Ra-Ba with only rv 75 p.g oarrier. 

Procedure: 

or 

(1) Dissolve target in small amount cone. HN03 (heat if nec~sso.ry). 
Add 100 p.g Bo. (as Ba(N07 )2 carrier solIn) and 20 mg Sr+ carrier 

(2) 

(3 ) 

(4 ) 

(5) 

(6 ) 

(7 ) 

(us nitrate). v 

Add fuming HN0
3 

to make up tV 25 ml and chill in ice bath for 
10 minutes. Centrifuge out Sr(N03 )2 (Carries Bo. & Ru). 

Dissolve in H
2

0, transfer to 15 ml cone and buffer with HAc + 
NH

4
Ac (1 ml 6 ! HAc and 2 ml 6 ! NH

4
Ac or pH 5-6) •. Add N 5 rug 

Pb and ppt PbCr04 by add 'n of 1. 5 1.1 NaZCr04 to hot solin. Wash 
wi th hot HA~ & IifH

4
Ac buffer (1 ml to 2 mi as above) containing 

1 drop 1.5 II Na2Cr01,' , 

Dissolve ppt in hot 2 ! HC1, pass in ~S to roduco Cr207- to Cr+3 

and dil to 0.2 !, ppt PbS, scavenge with few mg CuS. 

Boil out H2S. make basic with NH3 and ppt SrC0
3 

by adding 2 rug Sr 
nnd a fmT arops 2 ! NaZC0

3 
• . 

Dissolve SrC03 .in 1 drop 6! HC1, bailout co2, buffer with 1/2 
ml 6 N HAc and 1 ml 6 N NH Ac (pH 5-6). Trans fer to 5 ml cone, 
add~ng not more than I-ml ~O. Heat to near boiling, add minimum 
Pb+ to ppt PbCr04 with 1 drop 1.5 ! Na2Cr0

4
• Centrifuge. 

Dissolve PbCr0
4 

in 1 drop cone. HCI. Transfer to 2 ml cone with 
1 ml HOI-ether reagent. Chill 10 min. in icc bath and centrifuge 
out BaC12

e 2H20. Wash with 1/2 m1 Hel-ether reagent. 

(8 ) Dissolve in 1 drop H20 and add I drop 0.5! H2S04' Centrifuge 
out BaS0

4 
for mass spectrograph. 

(80.) Dissolve in I drop II ° and add 1 drop Oe5 N NaOH plus I drop 2 H 
Na2C03~ Centrifuge ~aC03 a.nd dissolve in 0'.1 ! HCl for equilibra­
tion with resin for column run. 

P-18-275 
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Remarks: If the target sol'n is obtained in large volume, buffer with 
NH4Ac until urani~ ppt's out. Ccntri~uge and ppt PbCr04 fr~m . 
supernatant (20 mg or more may be requ1red). Remove Pb oy d~ssolv1ng 
the chromate in 1-2 ! HCI, passing in H2S, diluting to 0.2 ! and 
ppt'n PbS. After H2S has been boiled out, the sol'n may bo made basic 
and SrC03 "ppt'd to reduoe the volume. Foll~{ with Sr(NOS)2' PbCr0

4 and BaC12
0 2H20 ppt'ns. 

For mass spectrograph work, steps 5 & 6 mny be replaoed by: 

(5-6a) Boil ~~t ~S. Buffer to pH 5-6 'and ppt min. PbCr04 byadd1n 
of Pb anCl 1.5 !:! Na 2Cr04 • Centrifuge. Wash with 2 drops 
6 ! NH4Ac. 

(9 ) 

To remove oxcess alkali salts add: 

Fume EaSO to dryness to remove any NH 01. Take up in 1 drop 
0.5 ! H2S~4. Centrifur"o and rewash with I drop 0.5 !"H2S04~ 

For resin column separation of Sr. Ba, and Ro. see E. R. Tompkins 
AECD-1998. Elute from resin with oitrate at pH 7.5-8.0. 

8/23/49 
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CI-IEmCAL SEPARATIONS 

Element separated: Actinium 225 226 
(Procedure designed for Ac & Ac . ) 

Procedure by: Hyde 

Target material: Thorium, metal 
(Two 25 mil foils 1 1/2" square 
bombarded on edge) About 25 grams Th. 

Time for sep'n: 24 hours 

Type of bbdt: protons fr.om 184" Equipment required.: boakers! 
centrifuge cones, 250 ml 
separo. tory funnel! resin 
column, automa tic samplo r, 
plimoter. 

Yield: Not known - estimated 75% 

Degree of purificat~on: Complete separation from all other clements by factor 
of at least 10 • 

Procedure: 

(1) Dissolve thorium in hot cone. I-UT0
3

• Add 1 drop 1 N HF occus ionally 
to catalyze dissolution. 

(2) Evaporate solution nearly to crystallization. Cool. Transfer to 
250 ml pear-shaped separatory funnel. One llhich' has been modified 
to provido a side funnel as shown in fiGure 1 is recommended. 

(3) Add 1-2 vo'lumes penta ether (dibutoxytctraethylene glycol)*. Stir. 

Fig. 1 

Lot settle. Drain aqueous layer into ori~inal beaker. Drain 
pentaether lay(')r into bottle for storcl(';o. 

(4) Return aqueous layer to funnel. Add solid ammonium 
nitrate ·with stirring until solution is saturated. 
Add 2-3 volumes penta thor. Stir. Dro.in aqueous into 
50 ml centrifuge cone. Drain pentaethor layer into 
storage bottle. ... 

(5) 'Re pea t pentaethe r extraction onco again after adding 
0.5 ml cone. HN0

3 
to replace that extracted by solvent. 

(6) Aqueous layer in 50 ml cGntrifugo conccentrifuged to separate last 
Ccfs of pentacthcr, which arc pipottod off. 

(7) Add NH
4

0H to ppt last o.mounts of thorium o.s Th(OH)4' This serves 
to carry the o.ctinium out of the so.l ted solution. Tlash twice 1,-.[i th 

,H20. 

* It is quite importnnt that the solution bo cool before the solvGnt is 
added as pento.other is ro.pidly decomposed by hot nitric acid. 

** Pontaethcr is used to oxtrc.ct tho bulk of the thorium away. The thorium 
sorves o.s its own so.l ting agont in the first pass vlhich extracts tho bulk of 
it .o.nd "teduces tho aqueous volume greatly. Subsequent 0xtrctctions must be 
aided bylili4N03 snl tinge P-18-45 



page 2 (89-1) 

(8) Dissol va n:-ixad hydroxides in minimum c.mount HCl. Dilute to 5 ml. 
Adjust pH to l.~ --- 2.5*** check with Bockman 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 woll 10-20 minutes. 

(9) Centrifuge. Pipot off benzene layer containing thorium. 

(10) To aqueous add 10 ml fresh ITA. Stir, check pH. Stir 10-20 minutes. 
Centrifuge. Pipet off benzene layor. 

(11) To aqueous layer containing actinium, rare earth and other activities 
add Nli40H to adjust pH to betwoen 5.5-7.0':";":'. 

(12 ) Add 10 ml TTA-benzene. 
~ 

Stir. Recheck pH. Contact 80 minutes. 

(13) Pipet benzene layer containing actinium and rare earths into clean 
50 ml centrifuge cone. Re-8xtro.ct activity into 2.5 ml 0.1 N ECl 
by 2 minutes of stirring. 

(14) 

At this point the only likely impurities are ro.re-earth fission 
products 0 If theso do not interfere, this solution may be considored 
the final solution. If separation from rare earths is desired tho 
follOwing resin separation is recommended. 

Add 0. few fig of ammonium form colloidal dowex 50 resin to the dilute 
HCl solution. :-rarm to 1.I")60oC in wc.ter bath fOr 2-3 minutes. Centri­
fuge. 

(15) If assuy of supernate indicates nearly complete adsorption on res:.i.n, 
pipot the resin on to the top of a short resin co lumn. Elute with 
5% citrate solution of pH 3.8 - 4.0. Usc a mechanical sampler to 
tt.ke samples every 20 minutes. 

The rare earth and actinium peaks crm not be p2Jedicted Ctccurately 
enough to eliminate tho necessity of alpha and beta counts to deter­
mine their location. The rare earth fractions come off in the 
first samples as indicated by thc2~gta counts. The acti~f~ penk is 
located by th~l%l pha counts 0 f Ac • The elution of Bi and its 
associated Po daughter alpha activi ty in the early fructions 
obscuros the location of the actini~3Pcnk unless samples nrc pulse 
analyzed 0 r unless the 47-minute Bi is allowed to decuy before 
counting. 

Tiy experience with a column 6 cm x 2 I!1Jn of colloidnl resin eluted 
11ith pH 3.9 citrc.to a.t 0. rate of 1 drop per 2.5 minutos was tha.t the 
rare earth fraction camo off within two hours and tho actinium 
fraction, well sopara ted from the rare oarths, started to como off 
aftc r 5 hours and was s proad over 2- 3 hours. Others (Orth &, Stroet) 
report much more rapid elution under os sentially tho sc.me conditions. 

~ 

,:,,~* An equul volume of TTA-benzenc will extract thorium essentially complotely 
from un aqueous solution of pH:> 1. Actihium extraction is ° at pH 2.5 or 
less, is 10% at pH 4 and rises shnrply to essentially complete extraction at 
pH 5.5 or greater. Sec HaGemann AECD 1933. 

7/6/19 
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crr ~MICAL S',JPAIUiTIOlifS 

Element separated: Actinium 

Pnrent material: Tracer Pa
230 

Procedure by: l~e inke 

Time for sepln: 3-4 hrs. 

Milking experiment Equipment required: 
3tandard, centrifuge 

Yio ld: (-V 40% 

Degree of purif ica tion: 7 Factor of at least 10 from Po.. U and Th. 

Advantaces: Can separate very s!lJ[lll amounts 0 f Ac from large amounZ~60f 
Pa., u: a.nd Th activiWgO In OnG e:::periment sepo.ratcd 500 dim Ac from 
1022~otal dim of Po. and about equivalent amounts of U and 30 minute 
Th • 

Procedure: 

Pa
230 

in 6. N HN0
3 

after DIPK extractions (procedure 91-1) 

(1) Take 10 cc of Po. soln nnd add 1/4 mg w+++ c.nd 5 mg Ce+++ carriers. 

(2) Add 10 drops of conc HF t(\) ppt the fluorides. Centrifuge. 

(3) Metathesize ppt to La and Ce hydroxides by adding several ml of 
cono KOn soln •. Centrifuge out the hydroxides and wash onoe with 
5 ml alkaline water. 

(4) Dissolve ppt in few drops 6 N HCI and dilute to 5 co. 

() A I +4 N -3 5 dd 1 4 mg Zr carrier and H
3
P0

4 
to make 3 _ P0

4 
• Disoardppt. 

(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 and 9 phosphate pptns were IllUde. 
After the lOth fluoride ppt had been metuthesized to the hydroxide, 
the fo llowing procedure. was used: 

Dissolve hydroxide ppt in 10 M RNO.", lIll1.ke .01 M Fe+++ and oxidize 
Co+++ to Ce++++ %ith solid sodium gismuthate (Warm to speed up 
reac tion. ) (Ce + wi 11 now oarry on the Zr3 (PO 4) 4 ppt.) 

Repeat step (5). 

Repeat (2) and (3). 

Dissolve ppt in few drops 6 N HCl, dilute to known volume and 
plate aliquot for counting. -
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Remarks: 

The fluoride cycles decontaminate prim~rily from Po., the phosphate 
from Th. If further purification is required include more cycles in 
procedure. 

Only one milking can be made from a given batch of Po. by this procedure 
since it is difficult to again get the Po. into an oxtractable form 
once fluoride ion has been added. 

It has been found that ti:le LaC1
3 thinner plate than the LnF3 ppt. 

in ste p (1) shou ld be de te rmined 
tolerated on the final plate. 

solution makes a more adherent and 
The amount of La+'++ carrior used 

by tho amount of bulk that can be 
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CHEMICAL SEPARA TIONS 

Elemont separated: Thorium Procedure by: Meinke 

Target rna.terial: Tracer Pa separated from 
60 11 bbdt of ionium. 

Time for sapln: Several hours. 

Type of bbdt: (Hilking expt.) Equipment required: Stirrers 
and TTA 

Yield: As high as 50% possible. 

Degree gf purification: Decontaminate from 10
7 e/m Fa, 10

6 
e/m U and 

10 clm Ac. 

Advantages: Gives carrier-free Th, 0. thin plato for pul se analysis and 
good purification although not speed. 

Procedure: 

(1 ) 

(2 ) 

(3) 

Nitric acid used throughout. I:ffake sample 6 N acid and TTA 
extract (with .4M TTA in benzene) 5 times with double volume 
of TTA -- stirring 5 minutes for each extraction. (Removes Pol 
into TTA tV 70% or more pe r po. ss ). 

Evaporo.te 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) stirring 15 
minutes. (Th into TTA but notU or Ac.) . 

Repeat ITA extn of (2) with fresh TTA and combine the extns. 

(4) Wash 'ITA with equal volume of pH 1.0 soln for 15 min. (U con­
tamina tion into ac id. ) 

(5) Wash TTA with 6 N acid (equal volume) and stir 15 min. (Th into 
ae id). 

(6) Repeat parts (2), (3), and (4). (Repeat wash as in (4) if 
neces sary for further U purificn tion. ) 

(7) Plnte out the .25 M 'ITA on Pt plates and flame. 

Remarks: See curves of Hagemann for % extn into TTA vspH for Th and Ao. 

8/21/49 

P-18-254 

At pH of 1 'lh should go into the TTA almost completely but U should 
only go in loss than 10% -- perhaps as little US 2%. Ac will not 
go into T TA until about pH 3 or so and of course Po. goes in up to 
about 6 or ON acid • .... 
pH conditions for separating Th from U by TTA oxtns are quite 
cri tical! 

Equivalent and molecula.r weight of TTA is 222 gms. 



CHE!':TICAL SEPAR.:';.TIONS 

Element separated: UK
l 

(Thorium) 

Target matoric.l: U02(N03)Z.6~0 in which 
UX

l 
has come to equlhbrium 

Yield: 50.000 - 10,000 e/m from 20 g mlH. 

Degree of purification: factor of ~. 106 from Uu 

90-2 

Procedure by: D. B. Ste1'lO.rt 

Time for so p In: 21 hrs. 

Equipment rc.quircd: '.1:0 ml 
centrifuge cone 

Advantages: Good yield with small amount of inert carrier (Very voluminous 
insoluble precipitate) (Uranium docs not precipitate at all) 

Procedure: 

(1) Disso~ve 20 g U02(N03)2.6HZO i~ 20-30 ml O.Olol:! ~03 in a 10 mI. 
centnfuge cone and warm solutlon to about 80 C ln a hot wo. tor 
bo. tho Add 0.5 mg - 1 mg Zr carrier cis nitrate • 

. (2) Add 5 ml of 0. saturated solution of m-nitrobenzoic acid in water 
and continue warming for c..bout 1 hr. Let stand overnight. 

(3) Centrifuge, decant supernatant. and wash Zr(C
S

H
1

NOZCOO)1 twice with 
0.01 ! ID'J0

3 
+ m-Nitrobenzoic acid. 

Remarks: 

Saturated solution of m-nitrobenzoic acid ronde up by dissolving ~WO 
rog. of tho material in 100 Jnl H

2
0. Heat to 80°C. Allow to stand sovoral 

hours & filter to remove excess and impurities. 

'" 7/28/19 
P-18-'81 
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CHEHICAL SEPARAT IONS 

Element separated: Thorium Procedure by: ~binke 

PC.rent material: Tracer Po. and daughters 
(both a &, K) 

Time for sep'n: rJ 3/4 hr. 

Milking experiment Equipment required: standard 

Yield: Only tV 40-50% Th per cycle 

Degree of purification: 2-3% Ac carried per cycle - other clements decon­
taminated by ractor or at loast 100. 

Advantages: Good procedure if Th present in N sa.me amount a's otho r 
activities. 

Procedure: 

Po. daughter:> in 6 .!! HCl after milking from Po. in T Tl'l. (91-1). 

(1 ) 

(2 ) 

(3) 

(4) 

(5 ) 

Remarks: 

To 'v 10 cc daughter soln ad~ 1/2-1 mg Zr +4 carrier and en04gh 
H

3
P0

4 
to' make rV 4 !! in P0

4 
-. Centriruge ppt (carries Th + ). 

+++ Add to the ppt 3 mg Lo. co.rrier and dilute with 1 N HCl. Add 
IIF,digcst and centrifuge. 

l\1otathesize tho fluoride ppt to hydroxide by adding cone KOH. 
Centrifuge. Wash ,once vii th o.lka.lino viator. 

Dissolve in HCl and repeat stops 1-3 roducing amount of La. ca.rrier. 

PIa. te as the LnC1
3 

soln, fla.mc and count. 

Zr
3

(PO )4 ppt quite specific for carrying Th+4 from other clements 
in the 4heavy .regi~n. Yield lost in the La.F 3-Lo. (OH)3 pptns. 

Do not use this procedure if moro purifica.tion noeded than given by 
2 cycles since -the Th Yield will bo very low. 

IAC1
3 

soln when evapora.ted sticks to Pt pIa. tos much better than tho 
ppts oncountered in this procedure. 

8/12/49 
, P-18-ib51 
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Solution of Thorium I'.ietal and Thorium Dioxide 

Thorium motal can be dissolved rapidly in conc HGI but a considerable 
amount of black 'insoluble residue is fo med in the process. If a few drops 
of (:t.ffi

4 
)ZSiF 6 solution (enough to make N O.l!) arc added to the HCI before 

solution is started the black residue is dissolvcd~ leaving only a small 
residue of thorium oxide «1%) in the clear solution. 

Thorium metal cnnbe dissolved in'cone. HN0
3 

wit..", the addition of 
(NH4)2SiFS (or lIF) to .0 I£!. The metal boeomos passive to the=solution 
from time to time requiring further additions of acid and SiFS • 

If the excess HN0
3 

is ovaporated off care should be taken not to allow 
the solution to go com~')letely to dryness or difficultlysoluble ThOZ will 
be formed. 

If it is desired to dissolve ThO, the H1J03-(NHt.)ZSiFs solution should 
be used and the mixture heated with s~irring for sGv~ral hours. ThO Z when 
first formed is much more soluble than after prolonged heating. 

}Tote: A bombardment of 60 mg 13% ionium (Th
230

) in thorium (Th
Z32

) mixture 
in the dioxide form should be mentj,oned here. The hydroxide was pptd and 
heated in a Pt crucible until only the dioxide romained,niikis dioxide was 
then packed into a Pt "boat" 111 x l/Z" X .085" andwei:;la fev; drops of 
sodium silicate soln. Tho mixture was then dried under a heat lamp, more 
silicate added and again dried. Tho boat was then flamed over a Fisher 
burner. 

It'vlas found that 0. turget prepared this way could withstand considerable 
mechanical shock and also the high target temperature produced by the 60" 
cyclotron deuteron beam nithout breaking the silica crust. 

It 1'las also found that the target materiul could be rather easily 
scraped out of the boat and mostly dissolved in 6 or 6 hours -- after several 
additions of Im0

3
-SiF

6
'" soln. 

8/16/49 
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Newton, Hyde, Meinke 
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CHEMICAL SEPARATIONS 

Element separated: Protactinium Procedure by: 

Target II1D.tcrial: N ,10 gms Th rretal 

Time of bbdt: 60 il D+ bbdt and 18411 

bbdt all particles 

Time for sep'n: 1"1/2-2 hrs. 

Equipment required: Centri­
fuge Kjeldnh1 flasks, 
dry ice and stirrers. 

Yield: Roughly 10% through entir~ chemistry, 

Degree gf 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 Po. 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 othervdse. Dissolve Th 
metal in conc. ENO N .01~ ,in (NH4)2SiF r.: soln (25 oc acid and 
3 or 4 drops of 1/5 M SiF

6 
soln usually ~ufficient to dissolve 

10 gms Th.) -

Dilute in tV 4 N acid and Th+4 ccn. less than 0.65 ~ (Greater ccn. 
of !l: sal t intcrfers with lJptn.) 

Add to 40 cc Th (1103) 4. soln in 4 ! EN03 an excess of Mn(N03)2' 
(1/2 cc of 50% Boln sufficient.) 

(4) Add 1.5 cc KMn04 soln (40 mg/cc). (Po. carried quantitatively 
on 1.5 gm/li ter Mn02 ppt.) 

(5 ) 

(6 ) 

(7) 

(8 ) 

(9 ) 

(10) 

Diges t over water bath .. centrifilrc o.nd pour off supn. 

To ppt. o.dd fev" drops of 4 N acid and dissolve in a few drops of 
sat. soln of NH

2
0HIHCl. 

Dilute to required volume and repeat pptns. three times,reducing 
volume each time. Final volume is a few cc IS. 

Make soln 6 N RNO or HCI., Extract wi th 2-3 times volume of di­
isopropyl ketone ~DIPK) shaking together for 1/2 min. in Kjeldahl 
flasks and separating phases by freezing aqueous layer with dry 
ioe .. C'.cctono mixture .• (Fo. into DIPK ro...:I 60% yield/pass). 

Wash DIPK layer wi th 3 washs of an equal volume of Boln 1 ! HN03 
and 3 ! llli

4
N0

3 
in successive flo.sks. 

Pa then washed into 2 s,ucCeSSl.V8 portions of .1 ! HN03 • 
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(ll) DIPK extn repeated once and .1 ! solns combined and made 6 ! HN0
3

• 

(12) Equal volume of TTA (.4 l!I in bonzene) stirred ,for 5 min. with 
the 6 .!!. acid - (Pa ~nto, TTA. ) 

(13) Organic layer washed once with equal volume 6 E:. IDW
3

• 

(14) The Benzene-TTA plated out on platinum. 

Remarks: The am tt of F- introducec: by the .01! (NH4)2SiF6 is not enough 
to complex an appreciable amo~nt of tho Fa. Traces of P.a ioppt 
wi th good yield from 1 - 5 ! HNO

S 
soln less than .65 M Th + on 1.5 

gm/litor Nrn0
2 

v/ith good separation from macro amtt 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 washod out in 
tEle acid-salt washes. 0.1 N IDW

3 
used to wash Pa out of DIPK keeps 

Fa' from hydrolyzing to the co llo~d state. 

The' Pa must never get very near a nout ral pH or it will go into the 
non-extractable colloid. 

TTA separates Pa from all elemonts formed in bbdt except Zr l Cb l and 
Hfe DIPK extracts only Pa and U at these ccns. Ihh02 carries Pa, 
Zr, Cb and maybe some others, but does eliminate things like I vIThich 
might solvent extract through the other chemical procedures. -

8/24/49 
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CHE:::rCAL SEPARATIONS 

Element separated: Protactinium Procedure by: Meink3 

Target material: Th(N0
3

)4 or thorium met..a.l Time for serln: 2 minute 
minimum,average 15 min. 
wi th metal 

Type of bbdt: 60" & 184" - all particles Equipment required: stirrer 

Yield: 40-80% 

Degree of purification: Fact'or 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 Geieer counting 
of Pa impossible v'li thout more chemistry. 

Procedure: 

(1 ) 

(2 ) 

(3 ) 

(4) 

(5 ) 

'Remarks :. 

Dissolve Th metal in conc. JINOS ''''A.~l ~ in (NH4)2SiFG soln. (25 cc. 
acid and 3 or 4 drops of 1/5 M SiF 6 sol In suff'ic ient to dissolve 
10 gms Th.) Th(lIT0

3
)4 can be dissolved directly in 4 ! lINO

S
' 

Dilute to 'r'\ 4 H acid. 

Add·equal volume of TTA (.4 M in benzene) and stir for 5 minutes. 
(Pa, Zr, Cb into organic laye-r). 

If want sornev,hat better ?urifica tion wash TTA layer VIi th equal 
volume of 4 ! Hl'W3• (liay lose up to half Pa yie Id in this wash.) 

PIa te out benzene- TTA laye r on pla tinum. 

TTA separates Pa fromoJ.l elements formed in bbdt except Zr, Ch, & Hr. 

This rr:ethod used for excitation function work where as many o.s 
16 foils are worked up simultanecusly. Identical amounts of reagents are 
added and each sample subjected to the same procedure, giving approximataly 
equal chemical yields for each foil (to wi thin 5 or 10%). 

P-18-5 
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CHEMICAL SEPARATIONS 

Element separated: Protactinium (N 2 mg) Procedure by: Crane 

Removal of macro amounts of Po. from rare 
earths, Mh, Zr, iron 

Time for sep'n: Several days 

Yield: rv 80% Equipment required: anion 
exchange. resin, beakers, 
hot plate, centrifuge 

Advantages: Takes Po. out of colloido.l state 

Procedure: 

(1 ) 

(2 ) 

(3 ) 

(4 ) 

(5 ) 

(6) 

Add ten time s as much Zr +4 as you have Po. (rV 20 mg of Zr +4) make 
3 :M in HF and allow to stand for several hours~ Then ndd excess 
Bo.+G ion; Po. carries on the Bo.ZrF

6 
ppt. 

Check floride
4

so1ution for Po. activity_ If carrying not complete 
add 10 mg Zr+ o.nd digest at low temperature for 0. few hours. 

Combine fuZrF 6 + Po. ppts and dissolve in conc. EN0
3 

+ boric acid. 

Dilute and precipitate Zr + P~ as hydroxide with KOH. 

ReQissolve ppt in conc. HCl. Boil this soiution for 0. few hours 
then ~ke Hel 8 !:! an2 absorb on anion exchD.nge res~n (Do:~ A-I . 
used ln 20 em x. 1 cm column; flo ... rate tV 1 drop/mln). ilash reSln 
with 8 MHCl.· . 

Elute with 4 J.I Hel. Po. will come off in tV 15 column volumns. 
(Uranium requires rv 45 column volumns). 

Alternate step for q):J:f desired and solution of Po. does not 
contain too much ZrT and other floridecomplex ions the Po. 
solution may be absor~.x8 d:i.rectly on the resin from. 0.,.3 ! HF soln, 
washed with conc IIClje1uted with 4 H HCl. 

(7) Final solutions of HCI are thEm c oncentro. ted, mo.de 6 M HCl o.nd 
Po. extracted into equal volume diisoprppylketone. ~ 

(8) The Po. is taken back into .1 volume 0.1 ! ENOs solution o.nd 
made 4 M in HCI to keep Po. from forming co lloid. 

8/17/49 
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92-1 

CHEHICAL SEPARATIONS 
) 

Element separated: Uranium Procedute by: Crane 

Target material: ~20 g:n-. of Th metal Time for sep In: Several hrs. 

Type of bbdt: 184" bbdt Equipment required: Centri­
fuge)Kjeldahl flasks, 
dry ice and stirrers. 

Yield: V\ 90% 

Degree of purification: Segarate all elements in Th fission by 
factor greater than 10 I> . 

Advantages: Gives carrier free Uranium. 

Procedure: 

o. ) Nitric acid used except where indica ted ot};lerwise. Dissolve 
Th metal in conc. HNO

S 
&=V' .01 M in (NH4)2SiF6 (50 cc acid 

and \1'\6 drops 1/5 M SlF
6 

_ Solution usualIy sufficient to 
dissolve 20 gram Th metal). 

(2) Evaporate to near dryness & redissolve in 1 M HlJO
S 

and 
saturate with N1~N03' 

(3) Ether extract uranium us ing 3 separate portions of ether 
and combining; wash twice with .1 M HN0

3 
+ 10! NH4 NOS' 

(4) Extract uranium back into water solution. Add La. +++ carrier 
Y' 1 rug/cc solution 

(5) ppt hydroxide with NH40H. (carries uranium) 

(6 ) 

(7 ) 

(8 ) 

(9 ) 

(10 ) 

Dissolye in 6 ~ HN0
3 

and add Zr+4 scavenger (tA 1 mg/cc) , 
dilute to 3 N acid. 
Add iodic acid to ppt ZrO(I0

3
)2 to scavenge solution. 

R . t t an d ppt I..a+ 3 h d . d emove superna en as y roxJ. e. 

Dissolve in 1 M liN0
3

• Saturate with NH NOS and ether 
extract using S separate portions of etter and combining. 

Wash.twi~e with .1! HN03 + 10 M NH4N0
3 

and re-extract 
uranlum lnto water. 

Remarks:·· Use one part ether, two parts salt solution in extraction. 

6/16/49 

Wash wi thequal volume salt solution. 
Re-extract 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(I03)Z' othenvise 
much yield will be lost. For eth-c'r extr-:.:.ction of urnnium seo: 
.,'1. S. Ne'wton, Phys. Hov. 75209 (19<1:9). 
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CHEMICAL SEPARAT IONS 

Determination: Acid equivalent, i.e., 
H+ & carboxyl 

Tc.rget materia.l: Alcohols (ethanol) 

Type ofbbdt: lO-Mev p 

Yield: qunntita.tive 

Degree of precision: + 1% 

Procedure : 

J.A 

Procedure by,: Newton &: 
McDonell 

Time: 10 min. 

Equipment required: burette 
glassware 

(1) Dilute 5 cc of irradiated sample to 20 oc with water or neutral 
etha.nol. 

(2) Add 3 drops 1% phenolphthalein indicator sblution. 

(3) Titrate with 0.1 ! NaOH to sharp phenolphthalein end point. 

(4) Acid equiva.lents c vol. of alkolix normality. 

Rc:mo.rks: 

A blank should be run on the ethanol to insure neutrality. other 
SUbstances besides free H+ a.nd carbc-..cyl thnt titrate fast 
wi th NaOH includ,;) severol phenols, lactones (inne resters), and 
some esters. These 'must be determined by further analysis. 

Referonces: Sta.ndard Otfanic li.na.lyses Texts 

8/12/49 
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Organic-cnrbonyl 

CH:8MICAL Sl~Pli.RL TIONS 

Substance determined: Cnrbonyl Procedure by: Nevlton & 
McDonell 

Tnrget materiul: Alcohols (oth~nol) 

Typo of bbdt: p (NIO Mev) 

Time for sopln: one d~y 

Equipment required: 
Pyrex tes-c tubGS 
burettes, pipettes 
steo.n be. th 

Yield: Qunntitntivo precise to : 1% 

Procedure: 

(1) 

(2 ) 

(3 ) 

(4 ) 

(5 ) 

Remarks: 

To 5 cc (1) (pipette nC1~)ucy) of irrndia.ted ~lcohol add 3 cc 
hydroxylnmine rea.~3ryt (pipette Clccurncy) o.nd 5 cc of buffered· 
indica.tor rongent (grndunted cylinder). Trent 0. bla~k of 5 cc 
nbsolute alcohol idcn-cicapy in 0.11 steps. Seal in a ;§oili1:Jl

S
tubo. 

Hout in steam bath 2 hours(4). Allow stand to cool overnight. 

Brede the bomb tube, rinse qun.ntitntivcly into a flask vlith measured 
portions of 95-:: ethc'.llol. Trent blank identically.' 

Titrate sample to the ~rocnish blue end point color of the blank 
(or titrate both s~mplo a~g)~e1~7)to sa.me end point color) with 
alcoholic 0.5 N NaOH soln. 

Calc • equivalent wt. of acetaldehyde from the 
of blank and sample, assumine; the titration is 
tion by the renction: 

difference in t'i tre s 
a. hydrogen dctcrminn-

",,0 
H3C-C"Q 

+ + 
+ H3N OR --.~~ H C-C=NOH + H + H20 

3 H 

(8)(9 ) 

(1) About 0.001 moles of cn.rbonyl is mn.ximum sample size for the 
specified ren.gent qun.ntities. 

(2) Prop~ro 0.5 M hydroxylamine solution by dissolving 35 g of hydroxyl­
nmine hydrochloride in 160 cc of dist wntor and dilut ing to 1 liter 
with 95% etha.nol. 

(3) Prepnre buffered indica.tor soln, 20 cc C.P. pyridine to 1.0 cc of 
1 porcent o.lcoholic brom phenol blue indicntor and diluting to 
500 cc with 95% etha.nol. 

P-18-171 



(4 ) 

(5) 

(6 ) 

(7) 

(8 ) 

(9 ) 

8/11/49 
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Orgnnic-curbonyl 
(Fuge 2) I 

Excessive heating (>5 hrs,) causes a breakdown of the hydroxylamine 
salt with iriaccurc.te results. 

Alcoholic 0,5 N MaOH is prcpo.redwith 90i~ methnnol ro.ther thnn 
ethanol, since-tho lo.tter oxidizes in air, producing o.n aldehyde 
which rosinifies in base, coloring the soln. Sta.ndardize vs 
standard HCl. 

The vm.tcr content must be nearly identical in bla.nk & snmple. since 
it affocts indicator color and buffer action of pyridine. 

The end point colors muy be matched to an accuracy wi thin a frc.ction 
of 0. drop~ i.e. ~ 0.02 mI. 

The pyridine buffer nl10ws effcctivetitro.tion of liberatod Hoi-' ; .~ ... 
without interference from ex~s H3N OH. 

... /; ~ . 
ReHO + HOlo.TIIS + ~~/ t RCH = NOH + H20 + 

Ref. Brynnt & Smith JAC8E.,:-o7 (1935). 



CHEMIC.lI.L SEPIffiATIONS 

Determination: So.ponif'ication 
Equivalen t (esters) 

Target ma torial: alcohols (ethnnol) 

Type of bbdt: p (10 Mev) 

Yield: Qualitative only 

Procedure: 

Organic - Esters 

Procedure by: Newton. & 
McDonell 

Time for sep tn: 1 do.y 

Equipment required: 
glassware 
steam bath 

(1) Seal 5 cc irradiated sample + 2 cc No.OH soln(l) in Pyrcxglo.ss 
test tube. 

(2) Heat for 2 hrs. withocco.siono.l agitation in 0. steam bo.th. Treo.t 
0. blank ethanol so.mplo identico.l1y. 

(3) Cool tubes, brenk nnd rinse into beo.ker. Add excess st~~'13' acid. 
Titrate with standard No.OHto phenolphthalein end point • 

(4) Difference in quo.ntity Nr,OH between blank o.nd snmplo ns determined 
in the (~~~~~ tions is cHed as equivo.lent to maximum possible 
ester. 

Remo.rks: 

(1) NaOH solution made by diluting 20 N nq. No.OH to 1 N wi th o.bsolute 
etho.nol. 

(2) Presence of aldehydes causes brown discoloration (condenso.tion 
resins) of irradiated snmples and yellow in tho blnnk. Considerable 
dilution is nocessa.ry to eno.blo o.n accurate visual end point deter­
mination. 

(3) Alkali consuming interferences include Cannizzaro reaction on 
aldehydes. Poly functional compounds such 0.5 ~diketones and @-keto 
esters undergo clenvnge, etc. 

(4) It is emphasized that this procedure comprises merely a qualitative 
test for the easily saponifiable esters (ethyl acetate, ethyl 
formate, methyl acetate, etc.) expected in ethanol bombardments. 
For accurate determination in the presence of aldehydes, or for 
difficulty saponifiable esters, considerable refinement in pro­
cedure is necesso.ry. Ref. Shriner a.nd Fuson IISys tematic ldcnt. 

8/12/49 
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of Org. Cpds." John Hiloy (,: Sons, New York, 1948. p. 128 and other 
standard organic o.no.1ysis texts. 


