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Chemical Procedures Used in Bombardment Work at Berkeley UCRL-432

W. Wayne Neinke
Deéartment of Chemistry, Radiation Laboratory
University of Califar nia
In the Nuclear Chemistry Groﬁp of the University of California
Radiation Laboratory, chemists have for the past several years been
using many ochemical procedures, seperating at one time or anﬁther about
75 of the 96 elements in the periodic table. These procedures vary from
simple single step processes requiring less than a minute to te&ious.week
long separations. |
With new high energy acceleratofs either.being plammed or being
 built in many places,it has séemed worth while to cbmpile‘the procedures
used at Berkeley. Mahy times these proéedures can be uged exactly a; .
written but more often they will serve only as a starting point from which
the indiﬁiduai can develop a procedure more suitable to his particular
prdbleﬁ. Their great adﬁantage is that they have actually been used in
bombardment work for separating a particular element from all other elemeﬁts'
. present.
| This compilation begins with some general remarks applicable to chemi-
cal separations from targeté that héve been bombarded with high energy
particles. The remaining pages are indexed by atomic number and procedure
. number, e.g., 40-1is the first procedure for zirconium. Procedures for
elements 90 and above are exclﬁded'pending declassification.
A brief explanation of the headings used is probably in order.
The yield and degree of purific;tion listéd for each separation have in
many cases been determined experimentally while in othef cases they are only
the best‘guesé of thé chemist. These values are included as o general‘guide
to the person unfamiliar with the chemistry of a.particalar element to help

him judge the applicability of the procedure to his wark. The time of-
P-18-293 |
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separation in general refers to the time required to perform the opera-
tions listed; for fission work it does not include time for soiution of
the target. Any special eqﬁipment required fﬁr the procedure has been
noted. |

The portion of the heading reading "Procedure by" should actually
read ?frocedure used by". It is not feasible in a repért of this kind
to acknowledge all the sources of information‘that have goﬁe into the
formulation of these procedures. Mhny are adaptations of the fission

(1)

product procedures while others combine experimental data with data

1. RADIOCHENICAL STUDIES:. THE FISSIOW PRODUCTS, Volume 9, Div. IV

of the National Nuclear Energy Series, MeGraw-Hill Publishing Co.(1950).

presented in standard books on analysis..

The type of bombardment for which each separation has beén used is
also noted in the heading. Where no energies aré indicated, one may
assume the procedure applicable to full energyvbombardments.'_The full
energy particles of the acecelerators used areé

184" cyélotron: 388 He& alphds, 348 lev protons, 194 Mev deuterons

60”’, cyclotron: 37 Mev alphas, 9.5 Mov protons, 19 Mev deuterons

Lineqr accelerator: 32 lev protons -

37" cyclotron: 16vﬁev ﬁrotons

The purpose of this compilation was to>make for our laboratory =a
' working file to which new procedures miéht be added as they are developed.
The procedures wore written up by the chemists using them and edited by

the author. Wﬁen there were variations in tﬁrget material, time for
" separation, or type of bombardment, separate procedures which may differ
only SIigHtly were included. This was done in order that each procedure

.might be as complete as pgssible within itself. P-18-294
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The authof wishes to express'his sindere thanks to the following
chemists who have made this compilation possible: N. E. Ballou, George
W. Barton, Roger E. Batzel,.Daniel P. Brooks, Stanley V.‘Castner, T. C.
Chu, Wm. W. Crane, Richard W. Fink, Robert L. Folger, Al Ghiorso, Robert
H. Goeckérmann, Harry Hicks, Jack M, Hollander, H. H. Hopkins, Jr., Earl
K. Hyde, David G. Karraker, Charles A. Levine, Robert C Lilly, .Manfred
Lindner, David Z. Lippmann, L. B. Magnusson, Luis Marquez, Wm. R.
.McDonéll, J. M. Miller, Daniel Miller, Robert A. Neumann, Henry M.
Neumann, Amos S. Newton, William C. Orr, Donald A. Orth, Charles A.
Prohaska, John 0. Rasmussen, Sheldon Softky, Dorothy B. Stewgrt, Donald
C. Stewart, Kenneth Street, Jr., Stanley G. Thompson, Geoffrey Wilkinson
end Richard Wolfe.

It is a pleasuré to thank Dr. I. Perlman for his advice and assis-
tance in the preparation of this compilation. The careful work of Miss
Virginia Hempel in typing the manuscript is alsé greétly appreciated.

This compilation was sponsored by the Atomic Energy Commission.
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General chemical separations for the mass spectrograph.

P —

For the ﬁ.é., it is necessary 4o have the material in almost carrier-free
form-from .2 ug to 100 ug being £he range bf stable carrier allowed. Purity ié
not essential, 'as far as decontamination is conperned, since the mess spectro=-
graph does this. It is necessary to get the sample in a émall volume, with a
minimum of carrier and & minimum of accompanying salts.

To accomplish this for most elements is quite difficult, but methods that
can be used are suggesfed. An ion—e#change column giveé the ideal product.
Nearly all other methods depend on thé.céfrying propertieé of homologues
for initial sepgration from the targét, with Suﬁsequent separation of the
carrier. For example, Ba may be carried cn Pb, and left in soln by ppt PbS. 
Tri-positivé ions may be carried on Fe(OH)S, and thg 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 foil, dissolving the Ni in HNO,, and carrying the Bi away

3
on La(OH)S. Bi is then.separated from La by ppt 50 pg of Bi with H%S from a
very small volume of solubion. |
Electropiating offers many unekploited possibilities, but should certainly

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

it is possibly the best available method.

D. G. Karraker

7/12/49
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General - 2

Exerpts from Thesis on Spallation Productsof Arsenic with

* 190 Mev Deuterons- (UCRL - 312) H. H. Hopkins, Jr.

Abstract: Purified arsenic has been bombarded with 190 Mev deuterons.,
Tollowing chemical separation of chlorine and the 11 elements chromium
through selenium, an anclysis of the radiocactivities in each fraction showed
the presence of a total of 40 isotopes.

Bombardment Procedure: - A -

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

The duration of a bombordment was usually one hour. The beam attainable
was about one microampere, but costly experience proved that the dissipa-
- %ion of the effective power caused volatilization of the target. Cutting
the beam intensity to 30% climinated 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 powder used for chemical operations.

Chemioal Separations:

~ The separation of the isotopes produced by spallation into elemsntal 4
" 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 concerned with. Finally, separations
were conduoted by distillntions, solvent extractions, and precipitations.

The degree of separation required of the chemical procedures is det-
ermined by the radiation characteristics of the isotopes of the different
elements ond the relative intensities of the radiations. Thus, to identify
conclusively two isotopes of different elements, of similar half-life,
radiation properties, and yield, a separation of about fifty %o one is
required. In the ocase 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
efficiencies. Correspondingly, the elemental fraction of the elecitron-
capturing isotope must be separated by a greater foctor, of the order of
500, since small amounts of the beta emitter would introduce considerable .

-error in counting the x-rays of the electron-capturing isotope. For cases’
where the half-lives differ considerably, othersgonsiderations must be applied.
For example in the iron fraction only 47 day Fe™~ is observed, while the
longest gallium period is 3.3.days. Thus whereas gollium isotopes are formed
in far greater yield than Fe ", no chemical sepg ation is necessary, since

all gallium isotopes will be dead before the Fe = has decayed appreciably.

P-18-150



General - 2 (page 2)

The gquantity of a radioeclement present is of the order of 10_15 mole .
Thus, while this amount would undergo distillation and extraction just as
milligram amounts of the elemen®, most procipitations could not occur since
solubility products would not be exceeded. Therefore milligram amounts of
the c¢lements are added to function as carriers. The exchange of the radio-
active isotopes with ions of the added carriers is believed to be complete
in hot acid solution. DNo evidence such as cross contamination or widely
varying specific activity indicated that this was not the casc. Another
rcason for carriers is to minimize adsorption on precipitates.

A descoription of the separation of the elements into three groups
- will be presented, followed by a discussion of Speclflc methods for individual
elements,

1., The Germanium, Arsenic, Selenium Group.

These three c¢lements may be distilled from 9 N hydrobromic acid and
bromine as the bromides. An alternative is to sublimc the arsenic beforo
dissolubtion in nitrioc acid. T¥hen this is done arsenic and radioselenium
separate from the other radioclements. Germonium may subsequently be separ-
ated from the residue by distillation with hydrochloric acid.

This group may also be precipitated by hydrogen sulfide in acid solution
and subsequently dissolved in ammonium hydroxide. The clear filtrate will
contain only the thio-salts of germanium, arsenic, and selenium.

2. Iron and Gallium.

These olements are rcadily extracted into ether, from 5.5 to 6 N
hydrochloric acid. Iron must be in the ferric state. Washing the organic
layer with more hydrochloric acid removes other groups which extract to no
lesser extent. '

3+ Chromium, Manganese, Cobalt, WNickel, Copper, and Zine.

This group can be separated from the first by the use of amonium
sulfide. The sulfides arc usually dissolved in concentrated nitric acid
in the prescnce of solid potassium chlorate, and subsequent proccdures
scparate the elements one at a time.

8/11/49
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General - 2 (page 3)

Diagram of Scparation Procedures.

Arsenic metal

Dissolve in HNOS,
distil C1,.

Add carriérs. Evap.
€XCcess HNOS,reducc.
with NHéOH,KI.

Cl
Coflect in Hy0
Reduce, ppt. AgCl.

L4

I i
Adgd HZS hot. Se + 1
: -Reppt.
k;
As. S5, + GeS2 + CuS
- Dissolve in NH,OH
b, il
Ass,™", ges, " - Cus
Aaa®me1, €18,”, aistil. Dissolve with
‘ HNOS, ppt CuSCN
| 1l
GeCl
Reduce C1,_, Add HZS’ ppt. Aszs5
ppt ‘. GCSZQ
Reduce volume, oxidize, add
& N HCl, cther

} B
GaCl, ,FeCl

M -
Evoporate excess HCl, add NH4OH,HZS.
ada R,0, KOH | ‘ ~
R n I T
Go.0, Fe(OH)5 Cr(OH),,MnS,CoS,NiS,
Adjust pHS, o ZnS. Bisgolve in fuming
Ga(OH)3 HNOS;Clo’ s heat. '
- |
cr,0."%, Co*t, yi++,2n++ 100,
DiiuZo to 1 NE, cool, Reppt. -
H,0, cther.
272
i n ,
H,CrQ ' Add NH,OH, d.m.g.
SgrubBHZO, add KOH, Pb'* : 4
PbCrO e .
4 ! T
co' ¥, n'" Acidify, Ni demege
add Zn reagent. Reppt.
| Ii :
Evap., add NH SCN. Zan(SCN)4(?)
“amyl aleohol Reppte.
f T
Co(SCN)2 _
Add KOH
| I ' ‘
Co(OH)Z, dissolve HAc, add KCl, KNO,.
KSCo(N02)6

P-18-158
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Exerpts from Thesis on Characteristics of Bismuth Fission with

High Energy Particles - (UCRL 251) - Robert H. Goeckermann

}ntroduction:

The yields of nuclides resulting from 190 Mev deuteron fission of
bismuth were determined by studying the activities of 27 elements from
Z =20+t 72 =63 ===~ Ca, Cr, Fe, Ni, Cu, Zn, Ga, As, Se, Br, Rb, Sr, Y,
Zr, Cb, Mo, Ru, Pd, Ag, Cd, Sb, Te, I, Cs, Ba, Ce, and Eu.

Bombardment Technique:

-

The circulating beam of the 184-inch freguency-modulated cyclotron was
used almost exclusively because its intensity is much greater than the de-
flected beams. The average beam is of the order of one microampere, but
neither it nor its day~to-day variations were measured or known accurately.
Therefore it wag.necessary to use an internal monitor--in this case 67 hr
f T-emitting Mo “=-=-in each bg@bardment and measure all yields relative to
it. The absolute yield of IMo~ Jgas later determined using a deflected col-
limated measured beam (3.0 x 10 ° pa) of 190 lev deuterons.

Bismuth strips 0.1 x 1 x 3 em 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.

Chemical Procedurss:

The irradiated portion of the bismuth was dissolved 4in hot 6 N HNO, and
stored in a closed calibrated glass container. Aliquots of this solutidn
were used for the study of the activities of a particular element. Liter
amounts of carrier solutions had been prepared, by weighing out soms suitabls
compound to contain 10 mg/ml of the element. (A few of these carrier solutions
have been standardized and found to be accurate within 10#%.) One or two ml
of this solution of an element was added to the aliquot of the bismuth solution
es carrier for the radioactive isotopes present, precautions to insure exchange
of active and inactive atoms talen in some cases, and the element purified
from 21l others which would interfere in the radioactivity measurements.
Redioactive 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 thalt 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 precipitated 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. lost of the chemistry used was adapted from fission
product procedure reports to appear as part of the National Nuclear Energy
Series. The procedures are outlined here primarily because no compilation
of them is yet generally available. The amounts of scavengers used are only
approximate. All precipitates were separated by centrifugation except the
final one in each case.

8/11 /49
P=18-167
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Exerpts from Thesis on Nuclear Reactions in Antimony with High

Energy Particles - (UCRL-143) - Manfred Lindner

Irradiation with 200~Mev 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 also formed.
\

The elements listed below include those which were identified from the
complex mixture of spallation products of hlgh-energy deuterons and alpha
pagzlcles of “the 184" cyclotron: 39Y, 20%F s 41 églp, zTc, 4, RU, Rh,

7Ag, Cd, 4 In, SoSn, 5 Sbh, and Te. Zr, To wére no
1nvest1gated, and rgodlum proveé too dlf%lcult to remove from the complex
mixbure. However, the remaining elements, 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 low yield, it
was necessary to effect complete separntion of a given element followed by
several repurification steps. A Lknown weight of carrier (usually twenty
milligrams in the form of 2 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 excent for
Zr, Cb and Tc.

The dimensions of the metallic antlmony'targets were about 1mmx 2 mm
x 30 mm, weighing about 0.45 grams.

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

‘, 8/11/49
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Exerpts from Thosis on Radicactivities Produced in the Platinum Group by
Bombardment of Uranium with 400 Mev Helium Ions

(UCRL~123) - Richard D. Wolfe

Abs tract:

The purpose of the investigntion was %o determine the yield of
redioactivities of the platinum group metals (ruthenium, rhodium, pclladium,
osmium, iridium, and platinum) produced when natural uranium is bombarded
with 400 Iev helium ions. The reason for interest in the yields of these
metals is that the last three lie in a region where the plot of yield vs.
mo.8s number may change from a fission-yield curve to a spallatlon-yleld
curve. addition, the first threc lie in a rogion which should indicate
whether the center of the curve has a dip (as does the slow-ncutron fission-
yield curve), or a single maximum indicating symmetrical fission (as in
the case of bismuth ond thorium).

‘Rnd1ochomlstry of the Platinum Elements

‘The chemistry of the six platinum elements gR. , Pd, and

Ir, Pt is notoriously complex. Their separa%lon, purlflcatlon, ang
quant1Zative»determination is a classical nroblem of long standing. The
electron configuration of the first thrce partially fills the 44 orbit, with
the possibility of adding 10, 9, and 8 clectrons respectively for ruthenium,
rhodium, and palladium in order to fill out the 5s and 5p orbits and form
the stable noble-gas configuration of .,Xe. Similarly, osmium, iridium,
and platinum partially fill the 5d orbit, and can add 10, 9, and 8 electrons
respectively, filling the 6s and 6p orbits to attain the noble gas structure
of _.Rn. Because of this electron structure,nll six elements enter into
o vast number of coordination complexes, with almost any radical or clement,
charged or neutral, which can furnish an unpaired electron. Their chemistry
is thus charocteriged first by extensive complex formation in which all
six bchave very similarly and are therefore difficult to separate; and
secondly by difficulty in getting the clements into solution, and once they
arc in solution, further difficulty in getting them quantitatively out of
solution.

A number of satisfactory schemes are presented in the lijerature for
quantitative and qualitative determination of these elementse. However,

4, Anolysis of Platinum Metals, Bur. of Standards Sci. Paper No. 532
-~ T1936); dJour. of Res. 8, 995 (1929), 6, 421 (1931), 9, 547 (1932);
Jour. Am. Chem. Soc, 48, 2493, 2507 (1926), 51, 175 (1929), 52, 42
(1930); Ind. and Eng. Chem. Anal. Bd. 8, 1417 (1936), 9, 420 (1937);
: Am. Ifineral 22, 1016 '(1937); Microchem. 24, 20 (1938). -

these scheomes are gencrally inapplicable, without extensive modification,
to fission product procedures. In the first place, the classic methods
aim at separating the platinum metals from ores or naturally occurring
sources, where contaminating substances are rclatively few, and arce fairly

P-18-208



General - 5 (page 2)

well knowm as to type. Secondly, these schemes aim at gquantitative deter-
mina tion of the platinum elements, entailing precise, time consuming,
cumbersome, and involved chemical procedures.

The fission product procedure for these elements has a different aim.
Although 100% recovery of the six elements sought is not required provided
their chemical yield can be ascertained, decontam%nation factors from other
radioactive elements must often be as large os 10 and sometimes larger,
since activities in osmium, iridium, and platinum are very low compared to
activities of conbtominants. 1In addition, separation must be made not from
a few known elements occurring with these metals in natural 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 observo-
tion of the shorter-lived periods.

“iith 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 and palladium are extont. That 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 seomed adaptable to the requirements. Thus the separation of
iridium, rhodium, and plotinum comprised the chief problems.

I% seemed likely that the pyridine separation for rhodium developed by
Ballou might be adaptable also to iridium, since the two metals behave almost

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

e - Ly cmnaaie

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

6. Delépine, M., Compt. Rend. 146, 1267 (1208), 153, 60 (1911); Bull Soc.
Chim. (4) 3, 906 (1908), (4) 9, 710, 771 (191T); Ann. Chim. FPhys. (9),
7, 277 (1917), (9) 19, 5, 145 (1923); A. Gutbeier and D. Hoyermann,
Zeit. Anorg. Chem. 89, 540 (1914). ,

———

of iridium. After many weeks of trial and error, the proper conditvions
were discovered for simultaneous formation of pyridine complexes of rhodium
and iridium, and for their extraction into excess pyridine. The method was
finally tested using active iridium as a tracer, to prove the results.

The method is particularly elegant since it separntes in one step from the
bulk of uranium in the solution, and from 2ll of the non-platinum group
fission products except silver., Subsequent separation of rhodium from
iridium was achieved by adapting the method of Gilchrist and Vichers ,

—— ot > -

0 = . ) "
7. Gilchrist, R., and E. Wichers, Jour. Am. Chem. Soc. 57, 2565 (1935).

—-.

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

P~18-209
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Based on the use of ethyl acetate to extract platinums,va number

8. Wobling, H., Ber. 67, 773 (1934).

of experiments were performed to determine optimum conditions for platinum
extraction, Clean extraction of platinum reduced by stannous chloride was
attained above four normal acid concentration. Bubtyl acetate was found
preferable to ethyl acetate because of lower water solubility.

The target for each bombardment consisted of a small strip of urcnium
metal, of natural isotopic composition, 0.04 inches thick and about two
inches long. It was mounted on a copper holder, which was inserted on o
probe into the vacuum chomber 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
unbombarded portions were cut off in order not to éncumber the chemistry
with too much inoctive moterial. It was found desirable to clean the
target in nitric acid and keep it in an evacunted desiccator until just
prior to bombardment, to prevent formation of the difficultly soluble oxides
of urcnium.

Chemical yield was determined in each case by adding a known amount of
standardized carrier at the start (ca 20 mg for each element), ond by determin-
ing the weight of each element recovered. Osmium, iridium, platinum, ruthen-
ium, and rhodium were determined as the elements by precipitation with
mignesium. Palladium was determined as Pd(C H,N O ) the pallodium compound
of dimethylglyoxime. Barium is determined as %a l

8/13/49
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Spallation of Copper with 350 liev Protons - R. E. Batzel

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

In general the degree of chemjcal purification necessary depends on
the yield and counting efflclenoy/%he specific isotopes formed during
bombardment. If the isotope is formed 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 tendency to co-precipitate

or occlude during precipitation. Another method of increasing radiochemical
purity is the use of scavenging agents. ith the desired elemsnt 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 %o remove the majority of the solids from the solution, the
copper is precipitated froma 1 N HCl solution free of oxidizing agents.
Sulfide precipitations can be used as a volume reduction step since most
of the elements below copper which are of interest are insoluble in ammonical
‘sulfide, The chemical procedures are usually adapted to meet specific
conditions depending on the order in which elemental fractions are to bse
removed.

The following is an example of a separatlons scheme for one specific
bombardments

P-18-192



SEPARATION PROCEDURE

Coppsr Foil

General - 6 (page 2)

Dissolwe in HNOS,
distill Cl2
¥ Cl, collect in
add carriers in . H28 and KOH. Ppt
iy HCL and HZS AgCE and reppt
Supe rnate S CuS - dissolve conc.
NH,OH and H,S HNO,, - HCl to get
| 2 rid”of HNO,. Reduce
o Cu SCN ppt, reppt as
supnt. . CuSCN
scavenge and ppt Ca
- as Ca0204,reppt with sulfides

additional scavenge

treat with 1 N HC1

' i extract

ppt ZnS from hot
acetic acid - reppt
as Zan(SCl\T)4

sulfides

dissolve fuming HNO,
add supnt from HAc -
boil, make 12 - 14'N
HNO, = ppt MO,

supernate

1w HNO5 | Mhoz
H,0, extract reppt Mhoz
Cr wash with HéO

Fe (OH)S,Ti (OH),5,S0 (OH),

1’ 6 N HC1
extract Fe - M, OH-NH, 1 +
i [ Cr- finally as
. . PR ;++ BaCroQ
pd 2.5 Fe Co -Ni 4
extract Sc extract into H,0
TTAl make 6 N HCl and
' © and re-extract Co as KSCQ(NOZ)6 from hot 3 N HAc
- re-extract ppt Ti Teppt
Se as KTi(IOS)4 I
1.6 _.1§T_ Hl\T05
- Ni as NiDMG from acetic
acid soln. dissolve in
conc HCl reppt and weigh
as NiDMG
8/16 /49
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Fission and Spallation of Uranium with High Bnergy Particles - R. Folger

General Remarks:

(1)

(2)

(3)

(4)

(5)

(6)

(7)

8/15/49
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By proper choice of solvents, a number of elements may be removed
from a single target soln., e.g., when looking for Os, I, and Br
the target should be dissolved in HCl (NO, excluded.) After _
solution, these elements may be distilled from aqua regia by addf'n
of HNO, and heating.

3
When looknng for Ag, Ge, Sr, the target should be dissolwved in-
conc. HNO

3°

Ppting uranium by passing in NH, removes a large group of elements
in the form of ammonia complexef (Co, Ni, Cu, Ag, Cd, Pd)

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

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

Scavenges are useful both to mechanically adsorb nqrmally insoluble
compounds present in trace quantities and to §8r & éﬂﬁ contaminants .
Good scavenging agents ,easily thd completely ,are Pe(OH) AgCl
from 4 N HNO CuS from 0.5 N 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 gless.
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Exerpts from Pape: on "The Fission of Thorium with Alpha Particles”

(Phys. Rev. 75 17, 1949) - Amos S. Newton

Experimehtal Methods

" The thorium used in the bombardment was special purity thorium metal
produced by the group at the Atomic Research Institute at Iowa State
College. In a long bombardment, designated as Bombardment A, of 3020
poh of 39-Mev helium ions (impinging energy as estimated by Dr. J. G.
Hemilton) on the Crocker Iaboratory cyclotron, a 3 l/éfinch diameter
thorium backing plate 1/8 inch thick was used. After bombardment a
rndioautograph of the disk was made to determine the active area. 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
excitation curve for fission could be determined. The milling removed
about 95 percent of the total beta- and gamma-activity from the target.

In addition to this, three shorter bombardments of 24-hour, 2-hour,

and 4-hour duration, designated as bombardments B, C, and ), respectively,
were obtained on thorium foils of thickness about 30 mg/cm” using the
interceptor set-up of the Crgcker cyclotron. In these cases it was
assumed that all of the 2~cm” area of the interceptor received bombardment.

The technique used in determining the fission yields was the standard
chemical technique as used on the Plutonium Project. The bombarded sample
was dissolved in either hydrochloric or nitric acid, a smnll amount of
ammonium fluosilicate being added as a catalyst. The solution was diluted
to a lmown volume and stored in Iusteroid tubes inside a glass tube to
prevent loss of activity by adsorption on glass and evaporation of the
solution. Aliquots were token for determinotion of each desired element.
In each fraction, carrier was added for the clement %o be separated, and
the element chemically separated and decontaminated from other -activities.
The element was then precipitated in a suitable form, weighed, and the
chemical yield determined. Tho samples were mounted on cardboard, covered
with Cellophane, and counted on the second shelf of a standard counter
set-up.

In all bombardments the 300-hr. Ba14o.was separated in order to offer

" a rough check on the bombardment. Tho chemical methods used in the

isolation were modifications of those developed for the fission products
by the Plutonium Project.

8/16,/49
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Procedurcs for Filtering, Drying, Weighing and
Mounting Precipitates

Amos S. Newton

_ The following procedures arc useful in methods where a suitable aliquot

of the bombarded material is taken so that the entire precipitate of the element
desired can be counted. This is the most accurate procedure for determining
chemical yields and allows maximum use of the original bombarded material.

& known amount of carrier is added to the aliquot of the original solution,

the element chemically purified, and precipitated in a suitable form.

Precipitates which are crystalline or in other easily filtercd forms
can be filtered on a Hirsch funnel (Coors size 00 or OOOA are suitable).
A tared piece of filter paper 1 3/16" diameter (a half dollar can be used
as a form for cutting filter paper) is placed in the bottom and the preci-
pitate transferred to the paper and distributed evenly on the paper with o
transfer pipette, being careful not to allow the precipitate to run off the
odges of the paper. Any washing liquids can be transferred to the filtor
paper in the seme manner. '

Precipitates are dried by evacuation or in the 110° oven. 1In gencral
those precipitates which form hydrates arc dricd by evacuation using a standard
procedurc for a given precipitate which has becn shown to give the desired
hydrate. Oven drying or longer evacuation of such precipitates should be
avoided as the com»rosition will be differcnt. The filter paper should be
treated with the same rcagents, washed, and dried in the same manner as the
final precipitote, and weighed in order to get the tared weight of the paper,

Since filter paper takes up water rapidly after drying, it will gain
weight rapidly on the balance unless means are taken to avoid atmospherio
contoct. A suitable weighing container for these filter papers can bc made
by grinding the lips of two thin 50 mm watch glasses flat with 200 mesh -
carborundum against a flat piecc of glass, being careful to rotatc pressurc
points during grinding to keep the ground area perfectly flat. These are
then fitted together to form a small chamber. The uptake of water by a filter

paper disc in this should not be over 0.1 mg/10 minutes whilc a weighing

should be complcted within 2 minutes after taking the paper from the vacuum
desiccator or oven. It is both unnecessary and undesirable to put the watch
class weighing chamber in the oven or desicedtor. If it is left in equilibrium’
w1th the balance casc at all times weights will be more reproducible. .Also

of coursc one should avoid chipping the cdge of the watch glasses betwecn
taring o filter paper and the final weighing.

A convenicnt method of mounting is to mount the sample in the center of
a standard 2 1/2" x 3 1/2" cardboard card. It is hcld in place by a picce
of 2 1/2" x 2" scotch tape in which a collophane window 1 3/16" diameter
has been made, being carcful to placc the window dizcctly over tho samplo.
The collophanc has a thickness of only ~v 2.6 mg/bm compared to 9.6 mg/bm
for thin scotch tape and ~u 13 mg/cm” for the 2" wido material.

P-18-196
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The scotch tapec with cellophanc windows can be preparcd ahcad of time
as follows, A picce of scotch tape 2 1/2" long is cut from a 2" wide roll
end placed sticky side down on a pieée of plate glass. The hole 1 3/18"
diameter is thon ocut with a large cork borer (one can bo made from the holder
for 50 ml centrifuge conmes if a suitable picce of brass tubing cannot be
found). The center hole is lifted out, the outside section lifted up and
placed over a picce of cellophanc 1 3/%" diometor so that the ccllophane
is even all around the holc. VYhen onc corner of this sample cover is
stuck to a bottle for storage, it will kecp for about 2 -woecks before the
stickiness of the scotch tape is lost, probﬂbly duc to drying out of the
adhcs1ve.

Precipitates which arc ipnited (Sn, Zr) are filtercd on ashless filter
paper and ignited in a porcelain crucible. The material is then carcfully
transforred to a tared paper, carcfully spread and woighed. The paper is then
moistencd with o few drops of dilute collodion in cther %o hold the ppt in
place. It is then mounted like any other precipitate. Only that material
which is mounted is weighed as the chemical yiecld dcterm*natlon is'made on
the mterial Whlch is counted.

Examples of Drying and Weighing Methods

Ppts dricd at 110°

Element Ppt. Time (min.) drying _ Weigh as
Ag AgCl | | 10 AgCl
Br' AgBr 10 | . . AgBr
I Agl 0. : AgI
Mo Agyto0, ) 15 AgyMo0,
Pd - Pd (dimethyl glyoximc) 10 . Pd(08N4O4H17)
Cs CsClOé 10 " : CsClO4
Te Te {metal) 10 ‘ Te
Ru ' Ru (mcfal) ‘ 10 : .~ Ru
cd CaNH, PO, 1,0 | 10 CANH, PO, +H,0
Ppts dried by cvacuation )
Elément __Ppt. . Time Evacuation oigh as
Sr §rC,0, (2 min.,rclcasc, 5 min.) ’Sr0204.H2
Ba BaCl, (2 min.,relcase, 5 min.) BaClz.Hzo
Rarc earths R.E.2(0204)3 (Z,min:,releago,.z ?in.,' ) Lu2(02 4)3'8H20
reclease, min. _002(0204)3.10H20
Prz(czo4)5;'9H20
Y, (C,0, )5+ 7H,0
. Bu, (0204)3.10H20

8/16/49
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CHEMICAL SEPARAT IONS

Element separated: Sodium _ Proccdure by: D. B. Stowart
Target material: Aluminum alloy Time for scp'n: nJ 8 hrs.
95% Al, 2.25% I . 0.25% Cr(+Fc & Cu)

Type of bbdt: 184" deutoronsv Equipment required: Centri-

fuge cone, boaker

Yield: ~ 60%

Degree of purification: 104 from Al, others unknown

Procedure:

1)
(2)
(3)

(4)

8/24/49
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Dissolve aluminum 1n 6 N HCl. Add 50 mg Na and 10 - zo.mg Cu

‘carriers.

Preccipitate Al(OH)3 with slight excess of NH,OH. Centrifuge,
pour off supernatant. Dissolve first precipitate in HC1l and
rcpeat, adding the 2nd supernatont to the original.

Saturate solution with H,S to precipitate CuS and romalnlng Al
as Al S Filter or centrifuge.

Acl$1fy filtrate with HC1l or HNO, and cvaporate to dryness.
NH4 salts can be quickly destroyed by boiling with a 1l:4 HCl--HNO3
mixture. Residue is mixture of NaCl and NaZSO4'
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CHEMICAL SEPARATIONS

Element separated: mpgnesium ' Procedure by: D« B. Stewart .
Target material: Aluminum alloy Time for sep'n: 4 hrs..
: 95% Al, 2.25% g, 0. 25% Cr(+Fo & Cu) . ‘ :
Type of bbdt: 184" deuterons Equipment required: DBeakers,

filter funnels

Yield: 90-100%

Degree of

Procedure:

(1)

(2)

purification: 104 from Al and Cu

Dissolve aluminum in minimum dilute HCl. Add 25 mg lfg and 5 mg
Cu carriers. Dilute to about 0.3N - HCI.

Saturate solution with H,S to precipitate CuS. Filter. Wash

 precipitate with 0.1 N -"HC1 containing a little Hy8

(3)

Boil filtrate to expel H,S. Volume of sol'n should be greator
then 50 ml (or to give vl mg Mz/2 ml solution). Add 2-5 g
tartaric acid, or slight excess over tho amount required to

. complex the aluminum. Neutralize with NH ,OH and make just
acid with 1 drop of HCl. Warm slightly. ,

(4)

8/24/49
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Add 2 ¢ (NH , ) HPO /100 ml solution and NH,OH dropwise with
stirring, unti nettral, and then 10 ml cofic. NH OH/100 ml
solution. Iet stand 1 hr. or morc to allow formation of

Mg (NH )ZPO .
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CHEMICAL SEPARATIONS

Element separated: Phosphorous Procedure by: Batzel
Target material: Oy ‘ Time for sep'n: 2 hrs.
Type of bbdt: All 184" and 60" ' Equipmcnt requiroed: Standard

Yiold: 60%

vDegree of purification: Factor of 100 from all activities‘prcsont cxcept
vanadium. Probably factor of 50 from V.

Procedurc:

(1) Dissolvo target in HNO,, Add 5 mg P as PO, =3 and ncutralize
most of froe acid with NH OH. :

(2) Moke 1 W in HNO3 and add ammonium molybdate to the warm solution
(50° C) (add 6 @l of molybdato for cvery 4 mg of P).

(3) Allow to settle for 15 minutos. Centrifuge and wash with 1% HNO, «

(4) Dissolve with NH,OH citrate solution and add HC1 until the ppt
that forms dlSSO%VOS with difficulty. £dd 5 mg voanadium holdback
carrier. ' ’ .

(5) Bubble SO, through tho solution to reduce VO, +to VO''. Add 2 ml
of cold MgCl, mixturc - allow to settle 5 minutes and add conc
NH,OH until Solution is 1/4 of original volumec. Allow to settle
for 15 min. Contrifuge and wash precipitote with 1:4'NH40H:H20.

(6) Add é mg vanadium holdback carrier'ahh repeat step (5).
(7) Dissolve ppt in 1 X HNO,. |
(8) Repeat (2) and (3).
(9) Weigh as ammonium phosphomolybdate.
Ref. Scott's‘Stand ard Methods of Chemical Analysis, Vol. i, page Sé
I. M. Kolthoff & Sandell, E.B., Textbook of Quantitative Inorgonic
Analysis, page 368.
Remarks: _
thadlum ¢o ppts with phOSphorus if it is in V " state. - It shoﬁld be

reduced to VO ' state & the cycle rcpeated two times in order to remove
vanadium completely. : N

8/24/49
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CHEMICAL SEPARATICHS

Element separated: Chlorine ' Procedure by: Batzel
Target material: Copper Time for sep'n: 30 minutes
Type of bbdt: All - Equipment required: stondard

Yield: 60%

Degree of purification: 103

Procedure:

(1) Dissdlve the copper in concentrated HNO, containing 5 mg of chlorine
' carrier (1-2 ml concentrated HNO5 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 corcertrated HNO,, and sufficient AglNO, to precipitate
3 5
the chlorine as AgCl.

(3) Heat almost to boiling, cemtrifurze the precipitate and wash with
3 cc of 2N HNO,.

(4) Dissolve the AgCl in 3 cc of 5 N NH,OH and add a drop of holdback
carriers from standard 10 mg/ml soliis, for Cu, Ni, Co, Zn, Fe(add
as nitrates or sulfates) and then cdd 2 drops of 0.5 E'KI.

(5) Centrifuge and wash the precipitate with 2 cc of 5 N NH,OH. Add
' the wash to the supernate and add excess AgNO to precipitate the
excess iodide (5 drops of 0.5 N Ag NO ).

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

(7) Make acid with HNO_ to precipitate the AgCl, centrifuge, and wash
the precipitate twice with 3 ml portions of 2 W HNO,. The preci-
pitate can be plated dlrectly or dissolved in NH OH and an aliquot
taken..

Remarks: If an appreciable cmount of copper is to be dissolved the heat of
reaction may drive the chlorine carrier into the receiving vessel before
the copper is completely dissolved., If this occurs add 2.5 mg of chlorine
carrier as chloride to the water in the receiver and after the copper is
in solution add an additional 2.5 mg to the copper solution and distil
as stated abovc. In case bromine is present it may be removed by making
the solution 0.5 M in HNO, before precipitation, adding 5 mg of Br-

“carrier, 0.25 grams of ammonium persulfate and beiling, thus oxidizing the
Br  .to Br, and volatilizing. The solution should then be reduced with
hydrazine and the chlorine precipitated as AgCl.

7/12/49
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CHEMICAL SEPARATIONS

Element separated: Potassium ' Procedure by: Brooks
Target material: LiCl . Time for sep'n: 1 hr.
Type of bbdt: alpha 20-60 Mev . Equipment required: -Small

centrifuge tubes, 72%
perchloric acid

Yield: Quantitative is possible
‘Degree of purification: BRadio chemically pure possibly.

Advantages: Simplicity and speed.

Procedure: ‘
(1) Dissolve LiCl in abQut 3 cc water add KCl carrier (v~ 20 mg)
(2) Add w~ 5 cc of 72% HClO4 aﬁd cool in ice.
(3) Centrifuge.
(4) Tﬁe KC10, may be recrystallized as many times as desired

by heating it to v~ 90°C with 1 co of 72% HC10, and then
cooling in-ice. :

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

NE,* salts interfere. Separation from Na is good. No Rb or Cs
contamina tion was found. )

6/16/49
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Element separated: Potassium

19-2

CHEMICAL SEPARATIONS

)
Procedure by: Brooks

v

Target material: LiCl ' Time for septn: 40 min.

Type of bbdt: alpha 20-60 Mev

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)
(2)
(3)
(4)
(5)

Remafks:

6/16/49

Dissolve LiCl in s 5 ¢c of HZO
Add 10 cc of Napthol-yellow-S (5% solufion) cool and centrifuge.
Recrystallize from about 5 cec of NYS 5% in ice.

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

Scavenge with Fe(OH)B.

NH4+ salts interfere
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CHEMICAL SEPARATIONS

Element separated: Calecium Procedure by: Goeckermann

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

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

Yield: v 20%

Degree of purification: 30 ¢/m of Ca.separatedﬁfrom vha millicurie of
fission and spallation products. ‘ '

Advantages: Separates Ca from all other elements.

" Procedure:

(1) To‘dliquot of HNO, solfn of Bi,'ddd 20 mg Ca and 10 mg ecach of
Ru, Cb, Fe, & La. Make 0.5 N in HC1 & ppt with HZS'

(2) Add 10 mg Ru & Bi to supn & repeat H,S pptn.

(3) Boil out Hy$ & ppt with NH,o

(4) Add 10 mg Pe & Y to supn & repeat NH, pptn.

(5) Boil down to w& 5 ml, add 10 mg Ba & Sr, & ppt with cold fuming
HNO. ! . .
3

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

(7) Add Sr alone & repeat two times more.

(8) Boil down to w 5 ml, add § ml sat (NH,),C,0,, & make basic with
NHS'

(9) Dissolve CaC:O4 ppt in HNO,, destroy 0204= with KEIOS, & make basic
with TH, . Agd Fe, ILa, & Y, centrifuge.

(10) Add more Fe, La, & Y to supn & repeat pptn., centrifuge.
(11) Repeat step (5) |

(12) Boil supn.down to vn 5 ml, make basic with NH,, heat, add 5 ml sat
(NH4) C,0, slowly. Stir 2 min, filter, wash 2hree times with 5 ml

‘ ‘H,0, %h?ée times with 5 ml 95% E#0H, three times with 5 ml ether.
Dry in vacuum dessicator -- 2 min. evac, release, 5 min evac.

Weigh as €aC,0, (32 mg per 10 mg Ca).

6/27/49 ; )
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CHEMICAL SEPARATIONS

Element separated:s Calcium ‘ Procedure by: Batzel

Target material: Copper Time for sep'n: 45 min.

Type of bbdt: All 60" and 184" Equipment'required: standard
Yield: .95%,

"Degree of purification: 10°

Advantages: Pure fraction with gbod yield,

Procedure:

(1) Dissolve the copper in the minimum amount of concentrated HNO,.
Add few mg carriers. (Zn and below) including Co and make the Solu-
tion ammonical with carbonate free NH4OH.

(2) Precipitate the sulfides with H,S. Add holdback carriers and scav-
enge with another sulfide preciditation. Repeat.

(3) Boil to remove the H,S and meke acid with oxalic acid. Add 5 ml

of 4% (NH@) C,0, and’allow precipitate to settle for 10 minutes in
a steam batﬁ. _ ‘

(4) Wash the precipitate with water containing oxalic acid and ammonium
oxnlate.

(5) Dissolve the precipitate in 6 N HNO3 and add a crystal of KClO3 to
" remove oxalate ions. '

(6) Mrke ammonical and scavenge 2 times with Fe(OH)S.

(7) Make acid with oxalic acid and add 3 cc of 4% (NH4)20204. Allow
to settle for 10 minutes on a steam bath.,

(8) Centrifuge, wash, filter, and dry at 100°‘C. The precipitate is
weighed as Ca0204.H20. : ’

Remarks: -

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

8/4/49
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CHEMICAL SEPARATI ONS

Element separated:. Calcium ' E Procedure by: Stewart-Softky

Target material: Copper (up to 10 g) Time for sep!n: 4 hrs.
Type of bbdt: Neutrons 184" Equipment required:

200 ml stainless stecl beaker
Pt stirrer electrode

D. C. source

200 ml centrifuge cone

Yield: 60 - 80%
Dogree of purifications 106 from Cu
Procedure:

(1) Dissolve Cu in minimum dilute HNO, in a stainless steel beaker,
add 10 mg Ca carrier as nitrate and 2-3 drops of conc. HéSO4.
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) VWhen solution is water-white remove the anode and transfer the
solution quickly to a 200 ml centrifuge conme. HNeutralize with
NH40H and make just acid with HNOS. Warm in a hot water bath.

(4) Add 20 g crystalline ammonium oxalate and stir solution for 30
minutes, leeping it warm. Transfer to an ice bath and continue
stirring for another 30 minutes. ’

(5) let settle, and finally centrifuge. Pipet off the supernatant.
Wash €aC,0, with hot water containing a little (NH,),C,0, until

. : 4727274
wash solution is colorless.

| 8/24/49
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CHEMICA§~§EPARATIONS
Element separated: Scaﬁdium Procedure by: Batzel
Target material: Copper | , Time fér sep™: 1 1/2 hr.
Type of bbat: All 60" and 184" Equipment required: Standard

- Yield:

60%

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

Procedure:.

(1) Dissolve copper in minimum amount of HNO,. Boil to remove excess.

(4)

(5)
(6)

(7)

8/15/49
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Add 5 mg of S¢ and other carriers. Adjust to 1 N in HCl and treat
with Hy8 (CuS out).

Boil to remove H,S, add NH,OH and NH,Cl till ammenical. Centrifuge
and wash ppt witﬁ hot NH@C solution.

Dissolve ppt in HCl and make 6 N in HC1. Extract Fe 3 times with
equal volume ethyl acetate. Add ~s3 mg of Fe carrier and again
extract TFo. ‘

Make the pH of the solution 2.0 and extract with equal volume TTA
(5 ml of 0.5 M in benzene. ) Shake for 10 minutes. Yash TTA layer
with three 4 ml portions of water. ’

Extract into 1 N HC1 with two 3 ml portioné.

Ppt the Sc as hydroxide with NaOH. WVash with Héo. Repeét the
extraction with fresh TTA,

The scandium can be weighed as Sc,0; after precipitation as Sc(OH)3
and ignition. : :
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CHEIICAL SEPARAT IONS

Element separated: Vanadium ' Procedurec by: Batzel
Target material: Copper foil (v~ 1 gm.) Time for septn:nJ 2 hours
Type of bbdt: 184-inch, all. Equipment required: Standord

Yield: Fair (undetermined)
Degrce of purificaticni Undetermined (only probably impurities, Cr and P)
Procedure:

(L) Dissolve target in minimum amount of conc. HNO,, add carriors, Zn
through Cl, boil off HNOS, and mke 1 N in HC1®

(2) Add H,S, centrifuge off cdppef. Wash copper with 1 N HC1 ard re-
saturdte with HZS' Add wash to supernate.

(3) Boil down to remove H,S, to 6 ml. add conc. HNO, and boil down almost
to dryness, and make Vol. to 5 ml. with conc. HNOS;Ycautiously add
KIClO3 and boil for onc minute.

(4) Centrifuge off Mndz. Tash M0, with 6 N HNO;, ond add wash to
supernate . ,

(5) Boil down to remove HNO, and HCl, and make 1 N in HNO,. Cool to
5-10° C, and add an equiil volume of diethyl ether. A8d 5 drops
of 30% HZO and immediately stir vigorously to extract chromium.
Draw off c%her layer, and wash water layer with one-half volume of
ethor, stirring vigorously to extract any chromium left. Draw
off ether layer and add to original ether layer.

~ (6) Almost neutralize the water layer with NaOH and pour jmto 10 ml
of o hot solution of 1 N NaOH. (A small amount of Fe must
be present.) Coentrifuge off hydroxides of Ni, Co, Fe, Ti, Sc, and
Ca. Vash precipitate with 4 ml. of ho%t 1 N NaOH. Add wash to
supornate. : -

(7) Scavenge by adding 1 drop of Fe* ' carrier (10 mg./ml.) and.
: 500N Ti (10 mg,/m1,) to the hot solution. Centrifuge and wash
precipitate with 4 ml. of hot 1 N NaOH.

(8) Boil down to 6 ml. MNaoke slightly acid with acetic acid and add
5 ml. of 10% Pb(Ac),. Centrifuge off Pb(VO )2, and wash with
slightly acidic, diiute PbCAo)z. Add wash %o supernate (containing
n )t .

(9) Make 2 N with HNOS, precipitate Pb as the sulfide by adding HZS'
' Centrifuge and wash precipitate with 2 N HNOS.' Add wash to supernatc.
Boil %o remove H,S.

(10) Neutralize with NaOH, make slightly acid with HAc and reprecipitat
vonadium as lead vanadate, Yeigh. .

Remarks: Reference: Scotts Standard lethods of Chemical Analysis, p. 1036.
8/29/49 ‘ P-~18-296
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CHEMICAL SZEFARATIONS

-

Element separated: Chromium . _ Procedure by: H. Hopkins, Jr.
Target materlal As .' : ' Time for sep™: 3/4 hr.
Type of bbdt: 190 Mev D" ' Equipment required: standard

Yield: 60%

Dégree of

" Procedure:

(1)
@)

(3)
(a)

(5)

(6)

Remarks:

purification: ws factor of 50 from other activities.

Dissolve As in HNOE. -Add 10 mg Cr carrier and eﬁaporate to V2 cc.

Add 1 c¢ fuming HNO, and several crystals KClO B 0il several
minutes, adding more KClO :

‘Cool, add KOH and water to about 25 cc of 1 X H. Chlll in ice salt

bath to near freezing, add 10 cc cold ether. Add 1 dp H2 5 and
extract deep blue color into ether.

Add a second portion of ether and HZO « Wash the cold ether layers -
with’four guarter volumes of water containing 1 drop conc. HNOs.'

Extract chromate out w1th dilute KOH, add other holdbao carriers
and HAc to slightly acid.

Add Ba dropwise to precipitate BaCro, .

. Procedure should be practiced so -success of the oxidation and

extraction can be recognized. .

6/27/49

P-18=-22
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CHEMICAL SEPARATIONS

‘Element separated: Chromium " Procedure by: Goeckermamn
Target material: approx. 1 g Bi metal ' Time for sep'n: 1-2 hrs.
- Type of bbdt: 184" all particles ' Equipment required: Centri-

0
fuge, cones, 110~ oven.

Yield: Approx. 50%

Degree of purification: Few p/h separated‘frdm several million counts of
fission and spallation products. ‘

Advantages: Fair yield of pure Cr.

Procedure:

(1)

(2)
(3)

(¢)

(5)
(6)
(7)
(8)

()

Remarks:

6/27/49

P=18-19

To aliquot of HNOS soln gf target add 10 mg Or as Or,0, » Add HCl
& HCOOH to reduce to Cr ~. Ppt Bi_S, & Sb,S, scavenger from 1 N

- 2 A -
HC1 soln. .

Ppt Cr(OH)5 with K,CO, + H,S, by long boiling.

Oxidize in 10 ml 0.5 N NaOH with H,0,, scavenge with Fe(OH),, &
destroy H2 X ‘

teke slightly ecid with 6 N H,S0, & wash with ether.

Add H,0, & extract H,Cr0, into about eqﬁal volume of ether.,

272 3778

Re-oxidize & re-extract aqueous phase.

Evaporate ether over Hzo'& repeat H,CrOp extrn.

3

Evap ether over H C, oxidize with szé in alkaline soln, scavenge

with Fe (OH)S'. '_2

Acidify with 6 N HNO,, add 1 ml 6 N HAc & 2 ml 6 N NH Ac, heat, add
several ml 50 g/l Ba“soln., Filter, wash with hot H,0°& EtOH, dry
10 min. at 110" C. 1eigh as BaCro, (48.7 mg per 107mg Cr).

H30r08 extrn tricky, easy to lose Cr by reduction before extraction.
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CHEMICAL SEPARATIONS

Element separated: Chromium Procedure by:- Batzel
Target material: Copper Time for sep'n: 40 minutes
Type of bbdt: All 184" and 60" ' Equipment required: standard

Yield: 50%
ST 2 .3
Degrec of purification: 10 =10
Advantages: Very specific - no interfering ions..

Procedures

(1) Dissolve the coppef in the minimum amount of concentrated HNO,.
Boil almost to dryness, add carriers (Zn and below) and moke I N

in HC1.

(2) Precipitate the copper as sulfide, make the supernate alkaline
with NH4OH and precipitate the sulfides including Cr with HéS.

(3) The Mn is usually removed at this point (see procedure for
M (25-5). Neutralize the HNO, and male 1 N in HNO,.

(4) Cool in an ice bath to 59 C and add 0.5 ¢éc of 30% H,0,. BExtract
the blue peroxychromic acid with ethyl cther. (two 4 ml portions).

(5) WVash the ether layer with three 4 ml portions of water acidified
with a drop of HNO3‘.

(6) Extract the chromium from the ether layer with 3 cc of distilled
water made distinctly alkaline with NH4OH. s

(7) The Cr may be precipitated and weighed as BaCro,.

Remarks:

(1) The Mn is usually removegl(step 3) so thatlan estimate cen be 51
made of the amount of Cr”" formed by decay of the 42 minute Mn“~,

8/4 /49
P-18-134
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CHEMICAL SEPARATIONS

Element scparated: Chromium _ Procedure by: D« B. Stewart

Target material: Aluminum alloy

- Tire for th: V1 hr.
95% Al, 2.25% lig, 0.25% Cr(+Fe & Cu) ire for sep'm: V1 hr

Type of bbdt: 184" deuterons . _ Equipment required: Standard
Yicld: 60-80%

Degree of pgrificatioﬁ: 104 from Al, others unknovn

Procedurc:

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

(2) Oxidize Cr to dichromate by boiling with 1 g ammonium pefsulfato
and 2-3 drops of 2% AgNO, solution.

(3) Remove Al, g, Fe by preéipitation with excess,NH OH. Centrifuge,
& decant supernatant. Dissolve precipitate in HCI and repeat
to get out more of the Cr which can be occluded.

(4) Acidify the combined supernatants with HC1 (0.1 - 0.3 N acid).
Safgrate_with H,S to precipitate CuS and reduce chromium to
- Cr “. Centrifuge or filter off the CuS.

(5) Boil filtrate to expel H,S and reduce volume as far as possible.

Make solution basic with NH,OH. A gelatinous grcen precipitate
of Cr(OH)5 forms on boiling off the cxcoss NH,e

8/24/49

P-18-268
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CHEIICAL SEPARATIONS

Element separated: = langanese _ Procedurse by: W. C. Orr
Target material: Cr, M, Fe, Co, Ni, Cu, Time for sep'n: 2 hrs,

In, Ga, Ge, As, Se, Br, Rb, or Sr.

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

Yield: 60-80%

Degree of purification: Adequate for determining in 2 and Nh56 yields. -

Recycling should give increased purification.

[$; 8

Adventages: Simplicity.

Procedure:
(1) Target. is dissoived.ixluazo ml conc. HNO, . (HC1 used for Cr)

(2) 25 o 50 mg of standardized M carrier is added, i.e., &
measured vol. of solution of known concentration.

(3) Several mg of hold-back carriers added, all elements except M
from 3 + 1 to 8 - 12 (2 = target at. no.).

i (4) Boil Yo expel oxides of nitrogen. .

(5) Solid KC10, is added SLOWLY! Wait after adding each increment
for the evolution of C1l0,, etc. Continue until pptin of Mh02 is
complete. Boil continuously.

(6) Filter through a medium sintered glaés filter on which a layer
of "Supercel” has been laid down. Wash with conc. HNO, «

(7) M0, is dissolved directly on the filter by conc. HNO, to which
30% H,0, is added dropwise. Solution may be drawn thFough the
filter into 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 Hy0,. Conc. HNO, is added
2 3 '
- to restore vol. tows 30 ml. .

(10) Repeat steps (o) throuwh (s) two or more times (see remarks,
follow1ng) .

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

P=18~7 (conttd.)



(12)

(13)

‘Remarks: .

page 2 (25-1)

Boil to decompose H,0,; i.e., solution becomes colorless and vol.
. 272 .
is less than 50 ml.

Transfer to 50 ml vol. flask and dilute to mark. Samples of 257

and 100Ashould be suitable for counting Mn" (2.59 hrs.) decaying
into Mn“® (6 days) half-life. '

The repetition of steps indicated in (10) should give increased

~purification. The whole procedure shbuld include not less than three

precipitations of Mhoz.

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 begimning
of Mnoz precipitation.

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

According to Scott (Std. Meth, Chem. Anal.) oxides of W, Si, Cb,
and Ta are also ppt'd by KClO4 as in this procedure.

6/?4/49'

P-18-8
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DETERMINATION OF Mn CONCEN TRAT ION

For determining chemical yields in a series of separations of kn activity
from other elements the following procedure is particularly easy and of an
accuracy comparable with other methods.

Assuming that 2.0 ml of a standard manganous nitrate solution was added
"as carrier to all sthrting 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 m} of the latter 50.0 ml by pipet and transfer %o a
50 ml vol. flask.

Add about 40 ml of 3 ¥ HNO, «
Add enough solid NaBiO, so that 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, then dllute with water to 50,0 ml. Shake for one
minute.

Let stand overnight (or centrifuge if-theré is need for hurry).
Decant a portion of the supernatant solution of MnO,  and measure its
optical density in a one cm cell of the Beckman quartz spectrophotometer.

Set the wavelength at the peak near 525 .

Dilute 2.0 ml of the standard carrier solution to 50.0 ml. 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. :

We Co Orr

6/24/49

P-18~6
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CHEMICAL SEPARATIONS

Element separated: Manganese Procedure by: H. Hopkins, Jr.
| Target material: As | Timgjfbr sep™: 1 hr.

Type of bbdt: 190 Mev D ‘ , Equipment required: standard

Yield: WA 680%

- Degree of purification: A factor of 50 from other activities, -

Procedure:
(1) Dissolve As in minimum HNO3 & HCl, add 5 mg M1 and 1 mg other carriers.
2) Mke alkaline with NH, OH, pass in H_S for 1 minute, centrifuge, wash
4 2

with HéO.

(3) Dissolve with hot fuming nitric acid and add solid KCl0, to boiling
: solution to ppt. Nmoz,'add fuming HNO3 and KCIO3 until pptn is
. comple te. .

(4) Centrifuge and wash with H

HyOpe

(5) Make %o 5 ml volums, & N HCl and add 5 mg As.

504 Dissolve with 1 dp dilute HCl and 1 dp

(6) Pass Hés into hot solution to ppt ASZSS'

(7) Repeat pptn of As,S,. Mile supnt alkaline, pass in H_S to precipitate

MnS. Dissolve as béfore and ppt. MnO2 from a solutiol containing
additional holdback carriers.

6/217/49

| Pml18a21
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CHEMICAL SEPAR/ATIONS

Element separated: Mangonesc Procedurc by: Stewart-Softky

Target material: Copper foil (ca. 300 mg.) Time for sepfn: 1-2 hrs for
12 samples

Type of bbdt: 60" or 184" douterons Equipment requircd:

100 ml beakers
filter funnecls
40 ml ccntrifuge cones

v

Yield: 90-100%
Degroe of purifiocation: Excellent,factor of approx. 10G

sdvantages: Simplicity & rapidity. (lorge number of samples can be run
simultancously).

Proccdure:

(1) Dissolve copper in minimum 6N HNO,. 4dd 1 mg i carrie™as nitrate.

3

(2) Dilute to 1-2 N HNO, add about 100 mg of KBrO
minutes, or until ImO2 is well coagulatod,

3 and boil for 5- 10

(3) Filter through Whatman 42 filter paper. Wash precipitate with
eN HNO3 until no Cu blue shows in final wash.

{(4) Dissolve MnO, through filtor paper into a 40 ml coentrifuge cone,
with conc. HCl. Add 2 mg Cu carrier. IMike solution strongly
ammonicals

(5) Add a fcw crystals of (NH ),S 0, and boil off oxccss persulfatc in
a hot water bath. ﬁmo proolplgabcs almost immediately.

.(6) Centrifuge, dccant gupcrnatont, and wash precipitate with dllutc
NH, OH.

7/28/49

P-18~ 83
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CHEMICAL SEPARATIONS

Element separated: Minganese Procedure by: Batzel
Target materinl: Copper : Time for sep'n: 30 min.
Type of bbdt: All 184" and 60" ‘ Equipment required: standard

Yield: 75%

Degree of purification: 103

Advantages: Pure fraction and is not time consumiﬁg.
Procedure:

(1) Dissolve the copper in the minimum amount of concentrated HNO,.
Boil almost to dryness, add carriers (Zn and below) including
5 mg of In and meke 1 N in HCI1.

(2) Precipitate the copper sulfide. Iake the supcrnate alkaline
with NH4OH and precipitate the sulfides including Mn with HéS.

(3) To the sulfides add concentrated 16 H'HNO carefully, to dissolve
and moke the volume up to 4 cc with fuming HNO,. Add 2 or 3
crystals of XKC1l0, and boil gently for 2 minutcs to precipitate

MhOz. 5
(4) Wash the precipitate with HZO and dissolve in one drop of HNO3
and H202. . ’

(5) Again add holdback carriers and make 16 N in HNO,+ Precipitate
the NhOz with K‘ClO3 as in step 4.

(6) The precipitate may be weighed as Mhbz and counted.

8/4/49

P~18-132
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CHEMICAL SEPARATIONS

Element separated: Iron ' Procedure by: H. Hopkins, Jr.
Target mﬁterial: As - ' Timo for sep'n: 1/2 hr.
Type of bbdt: 190 Mev p* _ - 'Equipment required: standard

Yield: “w 60%

Degree of purification: WA factor of 50 from other activities.

Procedure-

(l)

(2)
(3)

(4)

®.

6/27/49

P~18-23

]

Dlssolve As in minimum HNO, +. HCl, add 2 mg Fe, Ga, adjust to 6 N HCl,
extract twice with equal volumes ethyl ether.

¥Wash ether layer 5 times with 1/3 volumes 6 N HC1.

Wash ether layer twice with-1/4 portions HZO to remove Fe. Hhke'i‘g
KOH and centrifuge off Fe(OH) .

Dissolve in minimum conc. HC1l, dilute to 5 ml, add 1 mg Ga carrler,
and reppt. Fe(OH) with- KOH. :

Repeat\until supernatants (Gallium fractions) are inactive.l
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CHEIMICAL SEPARATIONS

Element separated: Iron | , Procedure by: Goeckermann
'Targe% material; Wil g Bi metal Time for sep'n:: few hrs.
Type of bbdt: 184" all patrtiélos , Equipment required:

Centrifuge, cones
Yield: A 30%° . A -

Degree of purification: Decontamination factor \f\lo4 from fission & spallation
products.

Advantages: Fair yield of pure Fe.
Procedure:

(1) Extract 15 mlzof 9 N HCL containing aliquot of HNO, sol'n of target
and 10 mg Fe withfiS ml isopropyl ether. Wagh ether twelve times
with 10 ml portions of 7.5 N HCl. Extract Fe = into 10 ml Hzo and
evap dissolved ether, -

(2) Scavenge with Sb,S, from HC1 sol'n. -- repeat.

(3) Scavenge with TeS by H,S pptn.

2
(4) Ppt Fe(on)3 with NH, & dissolve in HCI.

(5) Fume twice with few ml HClO4.after adding Ru.

(6) Ppt Fe(OH), with WH, -- repeat.

3
(7) 'Scavenge with BaS0,.

(8) Scavenge with AgI (excess Ag).
(9) Scav. with Cb,0; by adding HNO, & KC10, to oxalate sol'n.

(10) Scay, with Zr phenylarsonate (make precipitation by adding phenyl-
arsenic acid).

(11) Ether ext Fb+3 again, ppt as F’e(OH)5 with NHS’ filter ( ignite to
"Fe_0, to weigh. ’ .
273 U0 oM ‘

- Remarks: This rather involved procedure was designed to separate a very -small
amount of Fe activity from a large amount of activity spread over the
periocdic table. It can be simplified in most cages. There may be an

* advantage in doing one of the extractions of Fe = out of the ether by
treating the+§ther layer with 6-9 N HCl containing Hg and thereby reducing
the Fe to Fe  (insol. in ether). ~A few mg of carriers are used in the’
scavenges, :

1

7/%/49

I'=18=40
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CHEMICAL SEPARATIONS

Element separated: Iron o Procecdure by: Folger & Hicks
Target maverial: Y 4 g U metal foil | Time¢ for sep'n: few hrs.

Type of bbdt: 184" all high energy partiecles  Equipment required:

: Centrifuge cones, crucible,
open top cylindrical '
separatory funnels, stirring
motor and glass stirring
rods.

Yield: VY 30%

Degree of purificatéon: Decontomination factor~4~104 from fission & spallation
products.wn 10° from olements 38 to 56.

-Advantages: Fair yield of pure Fe.
Procedure:

(1) Add 10 mg Fe+3 to aliquot of target sol'n. Evap. to dryness twice
with conc, HCl. Take up in 15 ml of 9 N HCl. Extract twice with
10 ml portions of di-isopropyl cther, - Wash ctger twelve times
with 10 ml portions of 7.5 N HCl. Extract Fo'° into 2,5-ml portions
H,0 and evap dissolved ether. ‘ .

(2) Scavenge with Sb,S, and TeS,. from 1 N HCl sol'n. -~ repeat.

(3) Ppt Fe(OH)3 with NH, wash & dissolve in HCI.
(4) Add Ru and fume twice with fow ml HC10, .
(5) Ppt Fe(OH)3 with NH, wash.

(6) Dissolve in HNO, and scavenge with BaSO,.

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

(8) Ppt. Fe(OH)3 with NH, (to reduce volume) wash and dissolve in conc.
IO, | . .

(9) 4dd Cb and scavenge with Cb,0; by adding KBr0, and HNO; to oxalate

soln.

(10) Mke 3N in HNO, and HF. Add Ba and scavenge with BaZrFg twice.

(11) Ppt Fe(OH), with NH,. Fash. Dissolve in 9 I HCl. J

(12) Ether ext Fe+3again,re—ex’cmct into H,0,PPt as Fe (OH)3 with NH,,

wash, filter & ignite to Fo,0, to welgh. (14.3 mg F3,0, = 10°mg Fe)

P-18=-84
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Remarks: This rather involved proccdure was designed to separate a very small
amount of Fo activity from a large amount of sctivity spread over the
periodic table. . It can be simplified in most cages. Thore may be an
advantage in doing one of the oxtractions of Fe ~ out of the cther by
treating thc+§thor layer with 6-9 N HCl containing Hg and thereby reducing
the Fe to Fe ~ (insol. in ether). 1-2 mg of carriers arc used in the
scavenges. - ~

9/28/49

P-18-91
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CHEMICAL SEDARLTIONS

Element separated: Iron Proccdurc by: Stewart, Softky

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

Type of bbdt: Deuterons 60", 184" Equipment required: beakers,
filter funnel

30 ml centrifuge cones
separatory funncls

Yicld: 80-100%

Degree of purification: factor of«/\lOs

Advantages: High purity. Small amount of carricr.
Procecdurc:

(1) Dissolve copper in minimum 6N HNO, and dilute to 1-2 N HNO, .
Add 1 mg Fo and 1 mg Mn carricr ag nitrate..
(2) Add zbout 0.1 g KBr0, end boil For 5-10 minutes or until Mno
is well cocgulated. “Filter through Vhatman :42 filter paper and
catch filtrate in a 40 ml centrifuge cone. Vhsh precipitate
with ?& HNO3 until wash is colorless.

(3) Precipitato Fc(OH), with cxcess NH,OH, coentrifuge, and docant
supernatant. DissSlve prccipitate in HCl and rcpeat until super=-
naotant is colorless. 4Add 2-3 mg Cu carricr as chloride and
repeat twice morc.

(4) Dissolve final Fe(0H), in 1 drop of HCl and transfer to a scpara-
tory funncl with 6 N HCl. Add an cqual volums of di-cthyl cther
pre=saturated with BN HC1 and extract the Fe. Draw aqucous layor
into a 2nd scparatory funncl and repeat. Do a 3rd extraction
after adding 1 mg Fo carricr as chloridec.

(5) Collect the cther layers in a 40 ml coentrifuge conc with o small
gmount of water. ‘Evaporate off the solvent in a hot water bath.
Recover Fe as Fc(OH)3 by precipitation with NH,OH.

Remarks:

It was found that unless specific scparation for Mn is done, thc
contamination in the iron fraction is apprcciable. (Step 2)..

Dirccf evaporation of an Fell_ solution gives considerable loss, so it
is better to ppt the iron and“re-dissolve in some acid other than HCL.
(Step 5).

7/28/49
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CHEMICAL SEPARATIONS

Element separated: Iron R Procedure by: Batzel
Target material: Copper | | Time for sep'n: 40 min.
Type of bbdt: All 184" - 60" Equipment reéuired: Standard
Yield: 95% : - ' .
5

Degree of purification: 10

Advantages: - Pure fraction with good yield.

Procedure:

(1)
(2)
(3)
(4)
)
(6)

Remarks:

(1)

8/4/49
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The target may be dissolved in the minimum amount of either

. concentrated HNO5 or concentrated HCl and Héoz.

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

Extract 3 tiﬁes with ethyl acetate - 3 ml portiohs. Wash the ethyl
acetate 3 times with 1/3 volume of 6 N HCl. -

.Extract the iron from the ethyl acetate layér with 3 cc of distilled

watere Again meke 6 N in HCl and re-extract as listed in step 3.

Fihally after washing the ethyl acetate thoroughly with 6 N HC1,

extract the iron into 3 cc of distilled water and plate,

The chemicel vield can be determined calorimetrically by taking
aliquots from the final irom solution (See 26-6).

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



26-6

DETERMINATION OF Fe CONCENTRATION

The following procedure may be used for the colorimetric analysis of irom.
Prepare a curve of iron concentration vs % transmission as follows:

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

(2) Add 200N of a 10% solution of hydroxylamine hydrochloride. Dilute

to 5 cc and add 500 ™ of a 0.1 percent water solution of ortho-
phcnanthrallne.

(3) Add one drop NH,O0H to bring the pH to the range of 4 to 9 - Dilute
to 10 cc and alfow color to develop for 5 minutes.

{4) Yeasure the % transmission of the samples against a blank containing
’ the hydroxylamine and orthophenanthraline at a wave length of 508
millimicrons on a Beckman Spectrophotometer.

(5) The curve follows Beer's law.

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

" R. Batzel

P=18-136
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_CHEMICAL SEPARATIONS

Elcment scporated: Iron - A Proccdure by: R. C. Lilly
Target moterial: ¢€obalt Time for scp'n: 6 hours
Type of bbdt: Neutrons - 60" Equipment required: Bealkers,

funnels
Yield: ~J 100%

Degree of purification: oxccllent at least factor of 100 from othor asctivitics
prescnt. o :

Advontoges: Simplicity
Procedﬁro:

(1) Dissolve the Co target in HNOS. Remove tho nitrates by boiling
with HC1l until no brown fumes arc cevolved. :

(2) 444 2 mg Fe, 10 mg Ni, 10 mg Zn and 50 mg U as the chloride
solutions. Dilute and ppt with excoss NH,0H. Coagulate tho ppt
and filter it quickly through quantitativé paper. Dissolve the
ppt through the filter with warm HCl and repect the pptn.

(3) Dissolve tho ppt through the filter with warm HCl, collceting the
sol™ in a 40 ml ccntrifuge tube. .dd hold-back carricrs of
Cu, Ni, Zn and Co and do threc more NH,OH ppt'ns, dlssolvlng the
ppt in HC1l cach time.

(4) Dissolve the final ppt in HCl so as %o give an 8 N HC1 sol'n;
and extract the Fo with 3 or 4 portioms of isopropyl cther.
Combine cthor layers, add H 0, boil to a low volume, and fume

“with H S0 -Héoz until organic matter is destroyed.

(5) Take up in HCl and ppt with NH,OH - (NH,),CO, solfn., discarding
the supernatents Dissolwve in HC1l and répéat” the ppt'n twice.
Dissolve the final ppt if desired, or usc as is.

Remarks: ‘ /

The ppt! n of the Fo and U from the bulk of the Zobalt is bost made '
by quickly adding a large excess of NH OH to the warm dlluto Co sol'n.

Nitrates must be avoided throughout to prcvcnt extraction of the U
by the cther.

This procedurc was used for the proparation of purc compounds of chg;

for identification of activities alone, it would bo advisable to take an
aliquot after dissolving tho target.

Paper is used for the filtration in (2) bocausc the ppt tends to clog
a sintered filter if suction is applied. v

8/19/49
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CIH%MIC..L SEPARATIONS

Eloment scparanted: Iron Procedurc by: R. C. Lilly

Target material: DMangancoso Time for scptn: 4~6 hours
Type of bbdt: Deuterons - 60" Equipment required: beakers,

funnels, sintered glass
furinels and scpoaratory
funncls. v

Yicld: Ay 100%

Dégrce of purification: oxccllent ot least factor of 100 from other
activitics present.

Advantages:  Large amount of Mn does not provent purification of the Fo.
~ Procedure:

(1) Dissolve Mn target in the loast possible omount of 6 N HCl.
Add 2-5 mg Fe and 25 mg Cu as the chloride solutions.

(2) Mako 0.3 N in HCl, heat to boiling, and pass in H,S to ppt the
copper group as sulfides. Filter. Wash the ppt with 0.1 N HCI
ond discard it. Add wash o filtrate.

(3) Boil filtratc to 50 ml volume, oxidize Fe with 5 ml of 30%
H,0 and boil off excess H 0, Mn0, may ppt at this point,
bt it will redissolve as thé ﬁ O is oxpollod.

(4) Mke alkalinc with NH,OH and ppt the Fe as Fc(OH),. Some Mn
will also ppt; it can “be. disrcgarded and will be fomovod later
in the procedurc, This step scparates the Fo from any large
amounts of salts which may be present to intorfero with tho
ather extraction which follows.

(5) Dissolve ppt through filter with warm 9 N HCl; the rosulting
. volume should bo 10-20 ml. Extract the Fe with 3 or 4 portions
of isopropyl cther. Combine the ether 1ayors, add H,0, boil
to a low volume, and fume with HéSO -Héo until organic mattoer
is dcstroyed.

(6) - Take up in H1 and ppt Fe(OH), with NH ,OH, discarding the supor-
natant. Dissolve the ppt if 3051rcd, Or uUsSC 4§ 1iS.

Remarks:

This procedurc was usedAfoi preparing purc compounds of Fess; the

procedure timc could bo shortencd for use on shorter-lived isotopose.
'8/19/49
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CHEMICAL SEPARATIONS

Element scparated: Iron : Procedurc by: R. C. Lilly

Target material: Ni(sdpafated isotopes ) Time for scptn: 3-5 minutes
Typo of bbdt: Neutrons - 60" ' Equipment required: = small

beakers, 5 ml centrifuge
tube, Hirsch fumel

Yiocld: ~ 90%
Degree of purification: fﬁctor of 5
Advantages: Speed
Proccdure:
(1) Dissolvo Ni foil, weighing 3-5 mg in a 10 ml beaker containing

0.5 ml hot conc. HNO,. A4dd 2 mg Co, 2 mg Cu, and 2 mg Fe os
2 ml of the chloride“soltns. » | -

—

(2)_ Transfer to a 5 ml centrifuge cone and ppt with NH,OHs Coagulate
the ppt by immcersing the cone in a boiling H,0 batﬁ for o fow .
soconds and contrifuge. Remove tho supernatant.

(3) Dissolwve the Fo(OH), ppt in a few drops of conc HCl., 4dd 2 mg
Co, 2 mg Cu, and 2 ég.Ni as 2 ml of the chloride solns, and
transfer the sample to a second 10 ml bocker.

(4¢) Ppt with NH OH, coagulate the ppt by heating and filter through

o 742 Whatman filter paper disc hcld in a Gooch crucible or _
Hirsch funncls Dry with a few drops of acetone and mount under tapes

5

8/19/49
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CHEMICAL SEPARATIONS

Element soparated: Iron Procedure by: R. Ce. Lilly.
Target mterial: Cu (50-100 mg) Time for secp'n: 45 minutes
Type of bbdt: Deuterons - 184" Equipmont required: boakers,

funnels, 40 ml centrifuge
tube, smnll centrifuge tube.

Yield: <V 100%

Dogrce of purification: Factor of 100
Ahvantages; Simplicity

Procedure:

(1) Dissolve Cu target in conc. HC1 contﬂlnlng o few drops of conc
HNO,. Boil off the excess HNO Add 3 mg Fec, 10 mg Co, 10 mg Wi,
ond 5 mg Zn as the chloride sof'ns

(2) Dilute to 50 ml with H,0 and heat to boiling. Ppt Fe(OH), by
adding NH,OH in oxccss and coagulate the ppt well by hoating.
Filter thé Fc(OH), ppt through ;42 Vhatman paper in a glass
funnel and wash with a small amount of 1% NH,Cl sol'n.

(The filtrato contains the Cu, Co, Ni and Zn fractions and is
worked up separately as described in thoe procedurcs for Co and
Ni from Cu targets, Nos. 27-5 and 28-6.

(3) Vash the Fe(OH), ppt well with 1% NH,Cl and discard the washings.
Dissolve the pp% through the paper with warm 6 N HC1 and collect
the soltn in a 40 ml contrlfuge conc.

(4) Add 10 mg Co and 10 mg Ni as the chloride sol'ns as hold-back
carricrs; place the cone in a hot H,0 bath, and ppt with NH,6OH.
Coagulate tho ppt by héating, centrifuge, and discard the supcrnatant.
Redissolve the ppt in HC1.

(6) Repoat step (4) twice.

(6) After the third ppt'n. cycle above, dissolve the ppt in tho
correct amount of HC1l and HZO to give 10 ml of sol'n., 8 N in HCl.

(7) Extract Fe with four 10 ml portions of isopropyl cther. Combine
cther layers, add 0, boil %o a low volume, and fumc with
H S0 -HZOZ untll orfanic mtter is dostroyed.

~(8) Take up in HC1l, trensfer to a small centrifuge cono, and ppt
with NH,OH. - Centrifuge and discard the supecrnatant. Prepare
for counting as desircd.

Romarks: Sce Hillebrand and Lundell (4pplicd Inorgenic Analysis) for
further informntion on the cxtraction of Fo with isopropyl cther,

8/19/49
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CHELIICAL SEPARATIONS

Element sepafated: Cobalt . o Procedure by: H. Hopkins, Jr.
Target materinl: As ‘ Time for sep'm: 1 hrs
Type of bbdt: 190 Mev D' : ’ Equipment required: standard

Yield: W 70%.
Degree of purification: vy factor of 100 fromtother activities.
Procedure: .
.(1) Dissolve As in minimum HKO; + HO, add 2 mg Se & Ge carrier, 5 mg Co.

(2) Make alkaline with NH,OH, pass in Hés rapldly for 1 minute only.
Centrifuge immediately. )

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

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

(5) Evaporate to near dryness, add H,0 to 2 ml volume, add (N equal volume
solid KSCN, extract 4 times with™2 ml amyl alcohol.

‘(6) Extract out of amyl alcohol with 4 ml 1 N KOH.
(7) Dissolve with HC1l and reppt hydroxide .with KOH.

(8) Dissolve in minimum acetic acid, dilute to 4 ml, saturate with KC1,
and add KNO, until pptn of KSCO(N02)6 is complete. '

6/27/49
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CHEMICAL SEPARAT IONS

' Element separated: Cobalt Procedure by: Stewart -
Softky

Target material: Copper foils (ea. 300 mg. Cu) Time for sep'n: 4-6 hrs.

Type of bbdt: Deuterons 60" or 184" Equipment required:

Stainless steel strip
electrodes to fit
100 ml bedkers

30 ml tower electrolysis
cells '

1" Pt discs

Pt spiral stirrers.

D. C. reotifier unit to
give current up

v to 2 amperes
100 nl bveakers
filter funnels

Yield: 90-100%

Degree of purification: Complete separation as least by factor of lO5 from
Mn, Fe, Ni, Cu & Zn.

Advontages: Method by which a large number of samples can be run simultaneosly
for excitation functions.

Procedure:

(1) Dissolve Cu foil in minimum dilute HNO,. Add 1 mg. Co, Ni, & in
carriers as nitrates, and 2 drops conc. HZSO4. Dilute to about 20
ml. with distilled water.

(2) Electrodeposit copper on stainless steel strip cathode set into
beaker in which the foil was dissolwved, us1ng a rotatlng Pt spiral
anode at 2-3 volts, 1-2 amperes. :

(3) Then solution is water white, remove the electrodes, add 1 ml.

conc . H2S04 and evaporate to SO3 fumes to remove HNO

(4) Dilute %o 35-50 ml and saturate with H,S to precipitate rcsidual
Cu. Filter, Boil filtrate to expel HZS,-add 2 mg Cu carrier as
chloride and repeat.

(5) Boil filtrate 5 minutes to expel H,S, make solution slightly
ammonical, then add 1-2 ml 1% dime%hylglyox1me in ethanol to ppt
NiDMG. Filter. 1'ash ppt with hot water.

(6) Acidify f11trate with HNO, & evuporate to SO, fumes to destroy .
aleohol. Add a few drops of .conc. HC1 and again take to SO3 fumes
to insure removal of NO

(7) Transfer solution to a 30 ml tower electrolysis cell fitted with
g 1" Pt disc cathode, make strongly ammonical, and electrolyze
at 1-2 amperes for about 30 minubtes, using a slowly rotating Pt

P-18-'88 - ' : :
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-’anode. Cobalt deposits as a smooth adhercent plate on the cathode.
Mho2 deposits at the same time on the anode.

(8) When Co is completely deposited, replace the electrolyte with
- distidled woter while the current is still on. Remove the anode
quickly to prevent sol'n of the Mnoz, pour off the water and rinse
the cobalt plate with alecohol.

Remarks:s

(In step (5) if solution is %oo strongly ammonical at this point, NiDIMG
will be incompletely precipitated.)

(In step (7) NH OH should be added periodically during the electrodeposi- l
tion. Current should be kept lower than 2 amperes to give a smooth
adherent plate.) '

7/28/49
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CHEMICAL SEPARATIONS

FElement separated: Cobalt Procedure by: Batzel

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

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

Yicld: 30-40%

Degree of

Procoedure:

(1)

(¢)
(5)

(6)

7/27/49

P-18~75

vurification: Factor of at least 100 from other activities present.

Dissolve copper in minimum amount of concentrated HNO;, and boil
to dryness or with HCl to destroy HNO,. Add 5 mg Co carrier and
1-2 mg of the neighboring elements to get as holdbacks.,

Remove copper as sulfide from a 1 N HCl solution. ¥ash the
precipitate with 1N HCl saturated with H,S. ‘
Boil supernate to remove H,S and neutralize with KOH. ihke 2-3
N in acetic acid. Saturaté about 5 cc of water with XKNO, and
add 0.3 cc of acetic acid. Heat and add to the hot solu%ion
of cobalt.

Allow to scttle for 5 minutes in a steam bath. Cool, and centri-
fuge. Wash with a 5% KNOz solution acidified with acetic acid.

Dissolve the ppt with concentrated HC1l again add 1 mg each of
holdback carriers and reprccipitate.

Weigh as the potassium cobaltinitritc.
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CHEMICAL SEPARATIONS

Element scparated: Cobalt Procedurc by: Folger -
Target material: 3,4 gm. U metal foil Time for sep'm: ¢n 2 1/2 hrs.
Type of bbdt: 184" full cenergy particles Equipment rcequired: Centrifuge,
(high encrgy fission) cones, 160 bath, 110° ovon.
N‘H;,> gas.

Yield: ¢ 50% possible
Degreo éf purification: Scparates from all clements by a facgor of at least
107 scparates from elemonts 38 to 56 by o factor of 410 .

Advantages: A small amt. of Co ﬁay bc obtained pure from large yiolds of
contaminants.

Proccdurc:

(1) Uronium target is dissolved in conce HC1l (plus a small oamt. conc.
" HNO, to clear up the sol'n) or in comc. HNO, (should be ¥10N).,
Use'r"™/ 1/4 (or more) of target sol'n for alfquot. Add 10-20 mg
Co carrier and make basic with NHS'

(2) Centrifuge and wash ppt twice with sat'd aqucous NHz. Combine
supernatant and washings. _

(3) Scavenge twice with Fe(OH),, twice with BaCO, & SrCO; (add satt'd
Ha,C05 and cheek pH to be Sure sol'n is basic cnough, ~YpH 10).

(¢) inke 0.7 - 0.8 N in HCl. Scavenge with CuS, €4S, Rezs,?(for Tc )
HgS, Pds, (1-2 mg of carricrs). ‘

(5) Make basic with NH, and ppt CoS w. H,8. Wash to remove all NH,".
Dissolve in 1 cc conc. HNO,. Dilute to v3 4N HNOS and scavenge
with 1-2 mg AsCl 4wice. :

(6) ke basic with KOH to ppt Co(OH), (upon heating goos to Co (0H),
. Centr, and wash, Dissolve ppt in % cc 2-3 N Hic. Add 2 mg Ni
holdback and hecat.

“(7) Add 3-4 cc 6 N Hic sat'd with KNO, hot (Caution! Beware of foaming
over)s Digest 10 min hot. Chill”in ice bath to retard bubbles
and centrifuge KéCo(Noz)G.l 1/2 H,0 (yellow).

(8) Wash, and dissolve in conc. HC1l (with hcating - grocn sol'n is
obtained).

(9) Repoat steps (3) through (8). Then repoat (6) and (7).

(10) Wash twice with H,0, EtOH, BEt,0. Filter, dry at 110° C for 5 min.

Weigh as KSCO(NOz%G;HéO. 2
Remarks:

(1) 1In step (6), the Co(OH)z ppt becomes grey-brown on heating in the
P-18=- 93 ‘
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P
; .

water bath. This does not interfere with the procedurc.

For additional information sce Scott, "Standard Mothods of Chomical
fnclysis," D. Van Nostrand Co., Inc., New York, Ed. § Vol. I, pp

- 305-14.,
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CHEMICAL SEPARATIONS

Element separated: Cobalt Procedure by: R. C. Lilly
Target material: Cu, Ni Time for septn: 1 hour
Type-of bbdt: Deuterons ~ 184" N Equipment required:

Yield: ™ 90%

Neutrons - 60" . Bea kers, funnels, fine
’ sintered glass filter,
50 ml separatory funnels(3)

Degree . of purification: Factor of 100

Advantages:

Procedure:

"A. Cobalt from Ni (separated isotopes) + p,d,n - 60"

-

Purity of Co product

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

(1)

(@)

(3)

!

Dissolve Ni foil, weighing 3-5 mg., in a few drops of conc HNOS'

-and boil off HNO, with successive portions of HCl. Add 2 mg

Co, 2 mg TFe and g mg Cu as the chloride sol'ns.

Dilute to 50 ml with H,0 and heat to boiling. Ppt Fe (OH)

by adding NH, OH in excess and coagulate the ppt well by héating.
Filter the Fe(OH), ppt through 42 Whatman paper in a glass
funnel and wash with a small amount of 1% NH,Cl sol'n. (The
pot is worked up separately as described in %he procedure for
Fe from Cu targets, No. 26-10). DMake the filtrate slightly
acidic with HCl. Add conc NH,HSO, sol'n dropwise until all
of the Cu is reduced (as shown by the lack of any localized
blue color when a few drops of conc NH,OH are added). Add
solid NH480N dissolved in a small amount of Héo until ppt'n
is complete. . :

Coagulate the CuSCN ppt by heating and filter it through a
double thickness of 342 Whatman paper in a glass funnel.
Discard the ppt. Boil the filtrate to a volume of 10 ml
to expel SO2 and trensfer to a 50 ml separatory funnel.

B. Cobalt from Cu (50-100 mg) + d - 184"

P-18-22 9

(1)

(2)

Dissolve Cu target in conc. HCl containing a few drops of
conc. HNO,. Boil off the excess HNOS. Add 2 mg Co, 2 mg Fe,.
and 2 mg‘ﬁi as the chloride solfns. |

Dilute %o 50 ml with H,0 and heht to boiling. Ppt Fe(OH)3
by adding NH,OH in excess and coagulate tye ppt well by
heating. Fitter the Fe(OH)3 ppt through 742 Vhatman paper

in a glass funnel and wash with a small amount of 1% NH,CL

sol'n. (The ppt is worked up separately as described in the v
procedure for Fe from Cu targets, No. 26-10). lMke the filtrate
slightly acidic with HCl. Add conc. NH4 HSO, sol!n dropwise
until a1l of the Cu is reduced (as shown by %he lack of any
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localized blue color when o few drops of conc NH40H are
added). Add solid NH,SCN dissolved in a small amount
of HZO until ppt'n is complets. N
(3) Coagulate the CuSCN ppt by heating and filter it through a
double thickness of ;42 Whatmen paper in a glass funnel.
. Discard the ppts Boil the filtrate to a volume of 10 ml
to expel SO2 and transfer to o 50 ml separatory funnel.

C. Cobalt from Cu (0.1-0.5 gms) + n ~ 184"

(1) Dissolve Cu target in 10 ml of hot 6 :'\I.HNO5 in a small beaker
and boil off HNO, with successive portions of HCl. Add 2 mg
Co and 2 mg Ni as the chloride sol'ns.

(2) Ada H,0 and HCl so as to zive a volume of 25-30 ml with
0.3 §-0.5 N HC1l. Heat %o boiling and pass in H,S %o ppt
'CuS.” Coagulate the ppt by heating and filter 1% through a
small fine sintered glass filter. Wash the ppt with a '

small amount of Hzo and discard it.

(3) Boil the filtrate. to a volume of ~ 10 ml and then transfer
it to a 50 ml separatory fumnel.

In all three of the above cases continue as follows:

(4) Add 5 gms of solid NH,SCN ond 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)

(6) Draw off the .0 layer from this extraotion into a second
50 ml separatory funnel, discarding the few drops of mlxed
solns which remain in the stopcoske

(The Ni is contained in the H,0 layer and is worked up
separately as described in the procedure for Ni from Cu
targets. No. 28-6).

(6) Add 10 ml of 6 N NH,OH to the organic layer in the first
separatory funnel to destroy the complex and reextract the Co.

(7) Draw off this ammoniacal layer into a third 50 ml separatory
funnel and make it slightly acidic with HCl. Add 2 mg Ni as
the chloride sol'n and repeat the extraction as in step (4)
above.

(8). Draw off the H_ O layer and discard it. Trea’t the organic
layer with NH@GH as described in step (6) above.

(9) Draw off the ammoniacal layer into a 50 ml beaker, boil to
a volume of 5 ml, and ppt CoS by adding NH4HS soltn.
Prepare this ppt for counting as desired.

Remarks: See Sandell (Colorlmetrlc Determination'of Traces of Metals )for
further information on the extraction of Co from thiocyanate sol'ns with
ethyl ether - amyl alcohol. Pel8e228

8/19/49
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- CHEMICAL SEPARATIONS

Eloment separated: Cobalt Procedure by: R. C. Lilly
Target material: Cu, Ni : Time for sep'n: 4 hours
Type of bbdt: Neutrons, deuterons - 184" Equipment required: Beakers,
FPor calutron separation _ funnels, chlorination
apparatus.

Yield: ~ 90%

Degreo of purification: Factor of 100

Advaptages: Separation of Co from large amounts'of Cu and Ni.
Procedure: A and B have stops 2-8 in c¢ommon.,

A. Cobalt from Cu(lO gms) + neutrons - 184"

(1) Dissolve Cu target in 50-100 ml of hot 6 N HCl containing

5 ml of 30% H,0,. Boil off cxcess H,0 and add 25-50 mg
Co and 5 mg NI ds the chloride sol'ns.” Dilute the sample to
~s 1 liter and add NH,OH until the sol'n is neutral or very

slightly acidie.’ 4

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

(1) Dissolve Ni target in the least nossiblo volume of conc. HNOS.
Convert nitrates to chlorides by adding succossive vortions
of conc HCl and taking to a low volume. 4dd 25-50 mg Co

- and 75 mg Cu as the chloride sol'ns. Dilute the sample to
" 500 ml and add NH4OH until the sol'n is neutral or very
slightly acidic. .

In each of the above casces, continuc as follows:

(2) Add conc. NH HSO, soltn., 1 ml at o time, until all of the Cu
is reduced (as sﬁcwn by the lack of any localized blue color
when a few drops of conc. NH,OH are added)., Add solid NH@SCN
dissolved in o small amount of HZO until ppttn is complete.

(3) Coagulate the CuSCN ppt by heating and filter it through a
double thickness of #42 Whatmon papor in a large glass funnel.-
Discard the ppt.

(4) Boil the filtrate to expel 80, and then add 3 ml of cone HC1
per 100 ml of volume.

(5) Add a freshly pfepared hot sol'n of alpha-nitroso-beta-ncphthol,
made by dissolving 10 gms of the salt in 100 ml of 50% acctic
acid, as long as a ppt is produced. :

(6) Filter the ppt through retontive paper. Wash it well with
warm 6 N HCl, and then with warm H, 0 until free from acid.

‘ Ignite The ppt until all of the paPer is burncd off.
P=18~234
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(7) Dissolve the Co0 in HCl and add 100 mg Cu and 25 mg Ni as
the chloride sol'ns. Adjust the ncidity as in step (1)
and rcpont steps (2) through (6) above.

(8) Convert thgs Co0 to.CoCl, by treating it with anhydrous
Cl, at 650 C for 30 minutes. °

(If dosired, part of the CoO in step (7) may be dissolved in HC1

" and o cobalt fraction purified still further by adding Cu and Ni
hold-back carricrs and following the procodurc for Co from Ni
targets, No. 27-5.) :

Remarks:

The above procedure was desigred for preparing a samplo for analysis
in the calutron. In case a smaller spectrograph is to be used, the amount

and- final form of the Co moy need changing.

See Scott (Std. Heth. Chem. Anal.) for further informtion on the ppt'n
of Co by alpha-nitroso~becta~napthol. o

8/19/49
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CHEMICAL SEPARATIONS

Element separated: Cobalt - _ Procedurc by: R. C. Lilly

Targot mterial: Ni (scparated isotopes) Time for sep'n: 10 minutes

Type of bbdt: Protons - 37" and 60" Equipment required:
deuterons - 60" Small beakers

50 ml separatory fummecls (2)
Yiold: ny 90% ' : '

Degrec of purification: Factor of 5
Advantagos: speed
Procedurc:

(1) Dissolve Ni foil, weighing 3-5.mg., in a 10 ml beaker containing
0.5 ml of hot 6 ¥ HhO + Tnke to dryncss on o proheated hot plate.

(2) 4Add 3-4 drops of hot conc HCl and take to dryness. Ropeat.

(3) £kdd 2 mg Co as the chloride sol'n and warm slightly. Transfer to
a 50 ml separatory funnel‘and dilute to 10 ml with H,0.

(4)- 4dd 5 gms of solid NH,SCN and shoke until all of the orystals
arc dissolved. Extract Co from this soltn by shaklng with an
cqual volumc of cthyl cthor-amyl alcohol (1:1).. i

(5) Draw off the H_O laycr from this extraction into a second 50 ml
soparatory funﬁcl discarding the few drops of mixed solfns which .
remain in the stopcock. v

(The Ni is containcd in the H,0 layer cnd is worked up scparately
as described in the procedure for Ni from Ni targets, No. 28-6).

(6) Add 10 ml of 6 N NH,OH to the organic laycr in the first scpﬂratory
fumecl to destroy thc complex and rcextract the Co. :

(7) Draw off the ammoniacal layor into a smll benker, heat to boiling,
and ppt CoS by addlng NH HS sol'n. Preparc this ppt for counting
as desircd,

Remarks;

Sce Sandell (Colorimetric Determination of Traces of lictals) for
further information on the cxtraction of Co from thiocyanate soltns with
cthyl ether - cmyl alcohol. If time allows, purification from Cu may be
obtained by adding 2-3 mg Cu as the chloride sol'™n in step (3) and ppting
CuSCN as outlined in the procedurc for Cu from Ni targots. (Ho. 29-5).

Filter off the CuSCN, collcet the filtrate in a 50 ml scparatory funnel, and
procced with step (4) above.- -

. 8/19/49
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CHEMICAL SEPARATIONS

Element separated: Cobalt Procedurc by: Stewart-Softky
Target material: Copper foils (~3 g Cu) - Time for scp'n: 4-6 hrs for

: 12 foils
Type of bbdt: 60" or 184" deuterons Equipment roquired: 100 ml

beakers, centrifuge cones,
filter funncls, sep. funnels

Yield: 80-100%
Degroc of purification: 105 from Cu, Zn activities

Advantages: Can be usod to scparate Co from copper in & large number of
' smnplcs simultaneously (o.g. for cxcitation functions
: \

Procedure:

(1) Dissolve copper foil in 6 N HCl and a fow drops of 30% H,0,. Boil
’ off the poroxide. Add 2 mg Fo, Zn and Co carricr as chlorides.’

(2) Precipitatc Fe(OH), with oxcess NH, 1O, centrifuge and pour off
supernatent. Dissolve prOClpthtG in HC1l and rcpeat. Add 2nd
supernatant to the original.

(3) Irke solutibnzabout 0,1 N with HCl. Add a few drops of NH HSO
to reduce Cu -~ to Cu (shown by docolorized or pale yellaw
solution). 'larm to near boiling. Add NH,SCN crystals until

" no further preecipitation of CuSCH takes place. Let scttle for
15 minutes. Filter through Whatmon 542 filter paper directly
into a soparatory fumel. Yhsh precipitate with a 1% solution
of NH4SCN contoining a little NH HSO .

(4) Add 5 g NH,SCN to the solution in the scparatory fumnel and
extract (Nﬁ ),Co(SCN), with a 1:1 amyl alcohol-diothyl ether
solution. Ad 2 ml conc. HCl and 1 g NH SCN and reopeat extraction
until solvent laycer is colorless (2-3 cvtractlono usually sufulclont)
Re-cxtract cobalt from the combined solvent layers with 6N NH OH.

(5) Maoke solubion acid (pH 2-3) with HC1 and add an additional 1 mg
of Zn as ZnCl,. Saturate with H,S to precipitatc ZnS, centrifuge
and decant supcrnntant into anotlier cone. Mke slightly ammoniacal
and warm to coagulate CoS precipitate.

Romarks:
\

It was found that Zn extracted partially from the satuated thiocyanato
solution with the aleohol-cthcr mixture.

- 8/24/49
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CHEMICAL SEPARATIONS

Elemont separated: Cobalt Procedure by: Stéwart-Softky

Target'matcrial: Copper foils (2-3 g Cu) Time for.sep?n: 4-6 hrs for
: : 12 foils
Type of bbdt: 60" or 184" deuterons Equipment required: FRilter

funnels, beakers

Yield: ~/ 80%

Degree of purification{ 106 from Cu ‘

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

Procedure:

(1)
(@)

(3)

(4)

8/24/49
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Dissolve copper in minimum dilute HC1 + a fow drops of 30% Hzo .
Boil off peroxide. Add 2 mg Fe and Co carriers as chloride.

Precipitate Fe(QH)

with excess NH4OH. Filter and wash with
NH, OH (dilute).

3

Acidify filtrgte to about 0.1 N HOl, add a fow drops of NH, HSO
to reduce Cu to Cu  (decolorized solution) and warm +to near
boiling. Add MH,SCN orystals until no further precipitation

of CuSCN takes place. Let settle for 15 minutes. PFilter through

3

742 filter paper. Wash precipitate with a 1% solution of NH,SCN.

" Add sufficiont conc HCL to filtrate to make about 1 N acid and

heat to near boiling. Add 5-10 ml of a froshly prepared solution
of a~nitroso-B-naphthol reagent. . (10 g a~nitroso=B-naphthol in- -
100 ml 50% acetic acid). Let stand 30 minutes to insure complete
precipitation of cobalt,



CHEMICAL SEPARATIONS

Element separated: Nickel

Target material: As

Type of bbdt: 190 Mev D'

Yield: 95%

begreé of purification: factor of V10

Procedure:

(1) Dissolve As in minimum HNO

5 mg Ni.

28-1

Procedure by: H. Hopkins, Jr.
Time for sep'n: 45 min.

Equipment required: standard

+ HCl, add 2 mg Se, Ge carriers, ond

(2) Add NH,OH to alkaline and poss in H,S rapidly. Centrifuge and wash

NiS with H,0.

(5) Dissolve with conc. HCL and roppt from NH,OH.

(4) Dissolve in minimum conc.

HC1l, boil out H_S, add carriers below Ge,

dilute to 10 ml and adjust pH to (A 3 w1tﬁ Hlc.

(5) Add dimethyl glyoxime solution until precipitation is complete.
Centrifuge, dissolve ppt in cone HNO and boil.

(6) Dilute to 10 ml, make alknllne with MH,OH ond reppt with dimethyl

glyoxime.

.6 /28/49.

P-18-33



28«2

CHE!MICAL SEPARATIONS

Element sepérated: licke : Procedure by: Goeckermann
Target material: \1lg Bi metal Time for sep'™: 1-2 hrs.
Type of bbdt: 184" allbparticles , Equipment reguired: Centrifuge,

cones, 110~ oven.

Yield: U 60%

Derree of purification: Decomtamination factor \/\104 from fission & spalla-
tion products,

Advantages: Sepafates‘Ni_in good yield from most elements.

Procedure:
(1) To aliquot of HNO, soln of target, add 10 mg Ni, make neutral,
*. add 5 ml 17 dimetRylglyoxime in alcohol, wash with H,0 and EtOH.
(2) Dpissolve Ni d-m=g in 1 ml conc. HNO,; 5 dilute, & scav twice with
~ CuS. . .
(3) Scav three times with PdS.
(4) Scav with szss. |
(5) Boil out H,S, make @gsic wi th NH3’ scav twice with Fe(OH)S;
(6) lbpke 0.5 N in HCl & scav with Pd d-m-g.
(7) Neutralize supn & ppt Ni d-m-g.
(8) Dissolve in conc HNO,, reppt Ni d-m-g, filter, wash with H,0 &
BEtOH, dry 10 min at ?lOOC. Weigh as Ni d-m-g (29.4 mg per 10 mg
'N’i)n ) : . . .
Remarks: Designed to purify a little Ni from a lot of activity spread over
the

i~/s/49
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periodic table. A few mg of carrisr are used in the scavenges.
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CHEMICAL SEPARATIONS

Element separated: Nickel | " Procedure by: Batzel

Target material: Copper . : _ Time for sepin: 46 mine.

Type of bbdts 'All - 184" & gO" Equipment required: Standard
Yield: 70% |

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

Advantages:

Procedure-

(1)

(2)

(3)

(%)

Remarks:

Quantitative and specific for this region.

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
1N HCl, and wash precipitate with 1N HCl saturated with HéS.

Boil supernate to remowve HZS' Neutralize with NH@OH and make
slightly acid with acetic dcid., Add 1% alcoholic solution of
dimethyl-glyoxime (2 ml.). Centrifuge and wash the precipitate
twice with 3 cc waser containing 2-3 drops of acetic acid,

Dissolve the precipitate in concentrated HCl and again add 1-2
mg of holdback carriers for other elements. Add NH,OH to neutralize
moke slightly acid with acetic to reprecipitate.

Veigh as the Ni —-dmg.

Reference: Scott's Standard Methods of Chemical Ana1y51s, Volume I,
- page 619. '

7/27/49
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CHEMICAL SEPARATIONS

Flement scparated: Nickel ' Proccdure by: Stowart-Softky

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

Type of bbdt: 60" or.184" dcuterons Equipment required: beakers,
' ' filter funnecls

Yield: UM 100%

Dogree of‘purifioati%n: Complote separation of Ni from Zn, Cu, Fe, Co, In
factor of wn 107, '

Advontages: Rapid method by which many samples can be run simultancously.
Good yicld with small omount of carricr.

Proceduras

(1) Dissolve copper in 6 N HC1l + o few drops of 30% Héo and boil off
oxcess peroxide. 4dd 0.5 mg - 1 mg Ni carricr as chloride.

(2) Neutralize wigh NH OF and moke slightly acid with HCl. Add NH, HS0,
to reducc Cu - to €u (only 1 - 2 ml nccessary) and boil off eXcesS

S0, .

2

(3) Prccipitate CuSCHN from the warm solution with a fow crystals of
NH,SCN, being careful not to add a large excess of NH,SCN. Let
settle for 10 minutes. Filter through Yhatman ;42 filtcr paper
and wash the precipitate with a 1% solution of NH,SCN containing
a little NH,SO,. - ' -

(4) Add 1 ml 50% tartaric acid to the filtrate, make very slightly
ammonical and warm to near boiling. Add 1-2 ml 1% dimecthyl
glyoxime in cthanol to precipitate NiDMG.

(5) Filtor through Whatman 340 filter paper and wash with hot water.

(6) Dissolvc precipitate in dilube HC1 and repeat (4) & (5) to reduce
Zn & Co contamination.

Remarks:

Step (4): If solution is made too strongly ammonical, NiDMG will be
incompletely precipitated.

7/28/%9
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CHEMICAL SEPARATIONS

Element separated: Nickel - Procedure by: Folger & Hicks

Target materialie~ 4 g U metal foil Time for septn: 1-2 hrs.

Type of bbdt: 184" all high energy particles Equipment required: Centri-

fuge, cones, 110° oven,
NH3 gas .

Yield: v~ 60%

Degree of purification: ,Decontamination factor\x~104 from flSSlon & spalla«
tion productsg~ 10 xrom elementg 38-58,

Advantages: Separates Ni in good yield from most elements.

Procedure:

(1)
(2)
(3)
(4)

(5)
(6)
(7)
(8)
(9)
(10)

Remarks:
(1)

(2)

(?)
8/4/49
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'

To allquot of target containing “~ 10 mg Ni pass in NH,. Centrifuge
and wash twice with sat'd AqNH Combine supernatan% and washings.

Scavenge with Fe(0H),. Then Sr and Ba carbonates and Fe(OH)3
(to clean the sol'n): » :

To supernatant add 1-2 ml 1% dimethylglyoxime in alcohol. Centrifuge
and wash with H, 0. 4

2
Dissolve Ni d-m-g in 1 ml conc. HNOS, dilute to 3 N and scav twice
with CuS.
Dilute to 1 N and scav three times with PdS.

Scav with SbZS3

Boil out HZS’ make basic with NHS’ scav twice with Fe(OH)S.

Make 0.5 X in HC1 & scav with Pd d-m-g.

Neutrallze supn & ppt Ni d-m—o, wash with H O.

Dlssolve in conc. HNO, dilute and neutra%:ze, reppt Ni d-mrg,
filter, wash with H,O, dny 15 min at 110" C. Teigh as Ni d-m-g
(29.4 mg per 10 mg ﬁ

Desigred to purify a little Ni from a lot of activity spread over
the paricdic table. A few mg of carrier are used in the scavenges,

Where carrier amounts of Cu and Co are present in the originel
target soln, it may be nenessary to remove these before ppting
Ni-dmg since Co and Cu form dmg complexes.

Ni-dmg is somewhat soluble both in alcohol and in excess d.m.g.
There is also a slight solubility in conc, NHéOH.



- 28-6

CHELIICAL SEPARATIONS

Element separated: Nickel Procedure by: R. C. Lilly
Target material: Cu, Ni o Time for sep'n: 1 hour

" Type of bbdt: Deuterons - 184" Equipment required:
‘ Neutrons - 60" ~ Beakers, funnels,

fine sintered glass filter,
50 ml separatory fumels (3),
15 ml centrifuge tube

Yield: r3 90%

Degree of purification: Factor of 100

Advantages:' Purity of Ni product

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

A. Nickel from Ni (scparated isotopes) + p, d, n - 60"

(1) Dissolve Ni foil, weighing 3-5 mg., in a few dro>s of conc HNo,
and boil off HNO, with successive portions of HCl. Add 2 mg
Co, 2 mg Fe and g mg Cu as the chloride sol'ns.
: ¢
(2) Dilute to 50 ml with H,0 and heat to boiling. Ppt Fe (OH)
by adding NH,OH in excess and coagulate the ppt well by héating.
" Filter the Fé(OH), ppt through :42 Whatman paper in a glass
funnel and wash with a small amount of 1% NH,Cl solfn. (The
ppt is worked up separatcly as described in %he procedure for
Pe from Cu targets, No. 26-10). Mrke the filtrate slightly
acidic with HCl. "Add conc NH,HSO, sol'n dropwise until all
of the Cu is reduced (as shown by the lack of any localized
blue color when a few drops of conc NH,0H are added). Add
solid NH,SCN dissolved in a small amount of Hzo until ppt'™n
is complétc. . :

(3) Coagulate the CuSCN ppt by heating and filter it through a
double thickness' of 542 Whatman paper in a glass funnel.
Discard the ppt. Boil the filtrate to a volume of 10 ml
to expel SOZAand transfer to a 50 ml separatory funnel.

B, Nickel from Cu(50-100 mg) + d - 184"

(1) Dissolve Cu *arget in conc. HC1 contaihing a few drons of .
conc. HNO,. Boil off the excess HHOS. Add 2 mg Co, 2 mg Fe,
and 2 nmg ﬁi as the chloride sol'ns.

(2) Dilute to 50 ml with H,0 and heat to boiling. Ppt Fe(OH)3
by adding NH,OH in excéss and coagulate the ppt well by
heating. Filter the F‘c—z(OH)3 PPt through 42 Whatman paper
in a glass funnel and wash with a small amount of 1% NH,C1
soltn. (The ppt is worked up separately as described in the
procedure for Fe from Cu targets, No. 26-10). Make the filtrate
slightly acidic with HCl. Add conc. NH4 HSQ, soltn dropwise

P-18-227 until all of the Cu is reduced (as showid by the lack of any



; (3)

28-6 (page 2)

localized blue color when a few drops of conc NH,OH are
added). £dd solid NH,SCN dissolved in a small amount of .
H 0 until pptin is complete.

Coagulate the CuSCN Fpt by heating and filter it through a
double thickness of 342 ¥ha tman paper in a glass funnel.
Discard the ppt. B011 the filtrate %o a volume of 10 ml
to expel 802 and trensfer to a 50 ml separatory funnel,

C. Nickel from Cu (0.1 - 0.5 gms) + n - 6C"

1)

(2)

(3)

(4)

. (5)

(8)

(7)

‘Dissolve Cu target in 10 ml of hot 6 N HNO, in a small beaker

and boil off HNO, with successive portions of HCl, Add 2 mg
Co and 2 mg Ni 08 the chloride sol'ns.

Add Héo and HCl so as to give a volume of 25-30 ml with
0.3 §+0.5 N HCl., Heat to boiling and pass in H,8 to ppt
CuS.  Coagulate the ppt by heating and filter 1% through o
small fine sintered glass filter. Wash the ppt with a
small amount of.Hzo and discard it.

Boil the filtrate to a volume of ~ 10 ml and then.‘transfer
it to a 50 ml scparatory funnel.

In all three of the above cases continue as follows:

Add 5 gms of solid NH,SCN and shake until all of the crystals
are dissolved., Extract Co from this ‘soltn by shaking with
an cqual volume of ethyl ether - amyl alcohol (1:1)

Draw off the H, 0 layer from this extraction into a second
50-ml scparatory funnel, discarding the few drops of mixed
sol'ns whi¢h remain in the stopcock.

(The Co‘is contained in the organic fraction and is worked
up separately as described in the procedure for Co from Cu
targets, No. _7-5).

Add 2 mg of Co as. the chlorlde sol'n to the H,0 layer in the
second funnel and reextract with an equal volume of ethyl ether-
amyl alcohol (1:1). Draw off the H,0 layer into a 50 ml

beaker, boil to a volume of 5 ml, and transfer to a 15 ml.
centrifuge cone. Discard the organic layer.

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 H,0, centrifuge, and discard the wash.
Prepare the ppt for counting as desired. .

Remorks: Sec Sandell (Colorimetric Determination of Traces of Metals) for
further information on the extraction of Co from thiocyanate soltns
w1th ethyl cther-amyl alcohol.

8/19/49
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 CHEMICAL SEPARATIONS

Element scparated: Nickel Procedure by: Re C. Lilly

Target material: Cu(l0 pms} Time for sep'm: 3 hours

Type of bbdt: Neutrons - 184" _ Equipment requircd: beakers,
For cclutron s cparation . funnecls, coentrifuge conc

Yield: ~v 90%

Dogroe of purification: Factor of 100.

Advantages: Separates Ni from large amounts of Cu.

Procedurc:

/

(1)

(2)

(3)

()
(5)

(6)

(7).

(8)

Remarks

Dissolve Cu targct in 50~100 ml of hot 6 N HCl containing

5 ml of 30% H,0 Boil off excess H,0, and add 25-50 mg Co

and 5 mg Ni as %hc chloride sol'ns. Dilute the samplo to v 1
liter and add NH OF until the sol'n is neutral or very slightly
acidic.

Add conc. NH, IS0, sol'., 1 ml at o time, until all of the Cu
is reduced (ds sﬁown by the lack of any localized blue color

when a few drops of conc. NH,OH arc added). Add solid NH,SCN
dissolved in a small amount of HZO until ppt'n is completé.

Coagulate the CuSCN ppt by heating and filter it through a double
thickness of 342 Whatman paper in o large glass funncl.. Discard
the ppt.

Boil the filtrate to a volumc of 200 ml and moke tho sol'n sllghtly
ammoniacal.

Add 17 DMG in alcohol until no further ppt is producoa. Add NHéOH
until the sol'n is distinetly basice.. : '

Congulate the ppt by heating and then filter it through j 742 Who tman
paper. in a glass funncl. Wash the ppt thoroughly with worm HZO’

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

Dissolve the NiO in HC1 and add 100 mg Cu and 10 mg Ni as the chloride
solts. Adjust the acidity as in step (1) and repeat steps (2) and

(3).

Boil the sol'n to a low volumo and transfer to a ccntrifuge .conc.
Moke slightly ammonincal and ppt Ni with DMG as in step (5) above.
Coagulate the ppt in a hot H, 0 bath, centrifuge, and discard theo

supcernatante Prepare the pp% for counting as desired.

The above procedurc was designed for preparing a sample for analysis

in the calutron. In casc o smaller spectrograph is to bo usod, the
amount and final form of the Ni may noed changing.

3/19/49
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CHEMICAL SEPARATIONS

Element separated: Copper . Procedure by: H. Hopkins, Jr
Target material: As Time for sep'n: 3/4 hr.
Type of bbdt: 190 lev p* Equipment required: standard

Yield: 5 90%
Degree of purification: factor oi‘u’\lO3
Procedure:

(1) Dissolve As in HCl + HNO,, evap off HNO,, add 5 mg Cu carrier and
1 mg other holdbacks. ' N

(2) Ppt from 1 N HC1 with H,S. VWash with H,0 and' treat ppt several «
times with 1 N KOH. WaShes out 4s & Ge - discard.

(3) Dissolve remaining ppt in minimum conec. HNOs, evap to dryness with
HC1.

(4)' Dilute to 1 N HCl, add pinches of solid N’azso3 and NaCNS.,

S0,. After two

(5) 1If the precipitate is not pure white add more Na2 3

minutes centrifuge.
(6) Dissolve with hot conc. HCl and repeat precipitation.

A7) Weigh as Cu SCN.

Remarks} Holdbacks added Cr through Sc except As & Cu.

..6“/28/49
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- CHEMICAL SEPARATIONS

Element separated: Coppér ‘ _ Procedure by: Batzel
Target material: Copper = . ' Time for sep'™: 40 min.
Type of bbdt: 60" 184",linear - Equipment required: standard

accelerator ~ all particles
Yield: 80%

Doegree of purification: factor of L 10°

A

Procedure:

(1) Add holdbark carriers for the necessary elemonts. Dissolve the copper
in as little HCL os - possible addlny Héo to speed up the solution.

(2) lake 1 Nin HC1. Recuce the cu™¥ to Cu® with Ma Qov, cool and add
NaC¥FS untili precipitation is complete.

(3) Ccntrifuge and wash the precipitate with cold water.

(4) The precipitate can b2 dissolved in concentrated HNO3 or HCl.

(5) Reprecipitatiocn can be accomplished by dilubing to 1 N, reducing
and reprecipiteting with thiosyanate,

Foemarks:
1.

(1) Copper can also be nre o*p’tatcd as
+

the sulfide from 0. 5 ¥t 1.0 N
acid solutlon, and the pracipitate dis

sol red in fuaing HHOS

(2) A drop of wetting agent will prevent the tendency of the pr601p1tute
- to crecp.

e

(3) " In reo:ssovv1ng care must be taken since the evcluulon of gas is
pro: .

.

(4) Three prec ipitations of the Cu are enough to give a decontamination
factor of rv 137, '

7/6/49
Pe18=43 , '
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CHEMICAL  SEPARATIONS

Element separated: Copper Procedure by: Goeckermamn
Target material: (A 1 g Bi metal ) Time for sep'n: 1-2 hrs.
Type of bbdt. 184" all particles , Equipment required: Centri-

fuge, cones, 110° oven.

Yield: \\60%

4

Degree of purification: Decontamination factor VY 10~ from fission & spalla-

tion products.

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

Procedure:

(1) To aliquot of HNO, soln of target, add 10 mg Cu, make basic with
R centrlfuge out Bl(OH) & scavenge with Fe(OH)3 and BaCO3
(aéd K, CO

(2) Make supn O. 5‘¥ in HCl. Bubble in 802, add KCNS until CuCNS ppts
(slight excess - :

(3) Dissolve Cu CNS in HI\TO3 & make neutral. Add KCN & scavenge with CdS.

(4) Acidify ¢ boil off HCN (caution!), add Sr & Y holdback, ppt CuS
from 3N HCI1. o

(Sj Dissolve in HNO,, add HCl & destroy HNOS. Dilute to 0.5 N HC1 &
scavenge twice with AgCl. :

(6) Ppt CuCNS from supn, filter, wash with H,0 & EtOH, dry 15 min. at
110°C. Teigh as CuCNS(19.2 mg per 10 mg“Cu).

. Remarks: Scavenges made w1th 1-5 mg carrier,

7./6/49
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CHEMICAL SEPARATIONS

Element separdted: Copper »  Procedure by: Folger & Hicks
Tafget material:tf!4 g Umtal foil Time for sep'n: 1-2 hrs.

Type of bbdt. 184" all high energy particles BEquipment required: Centri-

fuge, cones, 110° oven.

Yield: YN 60%

Degree of purification: gecontamlnatlon factor W 10 from fission & spalla-
%ion products. W1 10" from elements 38-56.

Advontages:

Procecdure:

(1)

(2)
(3)
(4)
(5)

(®)

Remarks:

7/28/49
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Good yield of Cu purified from all other elements.

To aliquot of HNO5 .or HCl soln of target, add 10 mg Cu, moke basio
with NH,, cenurlfugc out B1(0H), & scavenge with Fe(OH) and BaCOg,
$rCo, (addK 3)

ke supn 0.5 N in HCl. Bubble in SOz, add KCNS until CuCHS ppts
(slight cxceséf -

Dissolve Cu CNS in HNO3 & make neutral. 4Add KCN & scavenge with
CdS, As S .and TeS . : .

Acidify & boil off HCN (cautlon!), add Sr, Ia & Y holdbacks, ppt

“CuS from 3N ECl.

Dissolvc in minimum HNO,. Dilutc to 0.5 N H & scdvengé twico with
AgCl. (Boiling helps coagulate nvCl) -

Ppt CuCNS from supn, filter, wqoh w1th ‘H,0 & EtOH, dry 15 min. at
110° C. Weigh as CuCNS(19.2 mg per 10 mg Cu)

'

Scavenges made with 1-2 mg cdrriep.



29-5

CHEMICAL SEPARATIONS

Eloment separated: Copper » Proccduro by: Re C, Lilly

Target material: Ni (separatcd isotopes) Time for scpfn: 4-5 minutes

Typc of bbdt: Protons - 37" and 60" Equipment required:
Deuterons - 60" : Small boakers,

_ Hirsch funncl

Yicld: 50-75%

Dogrece of

purification: Factor of 5

Advontares: speed

Procecdure:

(1)

(2)
(3)

(4)

(5)

8,/19,/49
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Dissolve Ni foil, weighing 3-5 mg., in a 10 ml boakor containing
0.5 ml of hot 6 I HNO_ . Take to dryncss on o prchented hot plate.
4 3 : _

Add 3-4 dro-s of hot conc HCl and take to drynoss. Repeat.

Add'tbc following in succession, warming after each addition:
2 mg Cuand 2 mg Co as 2 ml of the chloride sol'ns; 0.5 ml conc
NH4_HSO3 sol'n.; oand 0.5 ml 10% NH4SCN sol'n.

Stir ond warm slightly. Filter the sample through a #42 ¥hatman
filter paper disc held in a Gooch crucible or Hirsch funnol

and prewet with a fow drops of 0.1 N NH,SCN - 0.1 N NH4HBO3 wash
sol'n. . ' '

Wash with & small amount of 0,1 N NH,SCN - 0.1 N NH,HSO,. wash
sol'n followed by a fow drops of acg%one. Mount for colnting.



30-1

CHEMICAL SEPARATIONS

Elemenfseparated: Zine ‘ Procedurc by: Goeckermann
Target material: \f‘i'g Bi motal Time for sep'n: w1 hr.
Type of bbdt: 184" bbdt all particles " Equipment required: Centrifuge,

cones, ice, vacuum dessicator
Yield: »» 7037

Degrde of purificotion: No detecdtable contamination from other fission and
spallation products., ' |

Advantages: Good yield of pure zinc.
Procedure:

(1) To aliquot of nitric acid soln of Bi, add 10 mg Zn,1 ml sat. €50,
and make 1 N in HNO, (10-25 ml). Cool in ice bath, add 3 ml 23 réag:nt
(39 g KSCN dissolved in 200 ml H,0. Stir in 27 g. HgCl, vhilo diluting
" to 1. liter), stir 5 min. (scrateh glass to begin pptn.)
(2) Dissolve ZnHg(SCN), in 5 ml 2N HNO, and dilute to 1 N. Add 1 ml sat
H,C,0, and 3 ml Zn reagent. - -

(3) Repeat (2).

3

(4) Dissolve ppt in 2 N HNO,; dilute to 1 N, and ppt HgS. Yeutralize
supn to 0.3 N HNO, with“NaOH and ppt BI,S, (5 mg Bi) three times.

(6) Inke 1 M in NH,Ac and ppt ZnS.

(6) Dissolve ppt in 5 ml conc HBr, evap to dryness several times, take up in
10 ml 0.5 N NaOH, add 1 ml 2 }{ Na,00,. Pp% Fe(0H); (2 mg) and BaCo,
(5 mg) three times from hot £oln.” , ‘ _

(7) Add HC1 to make 1 N and 1 ml sat HéC204. 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 7 min in vacuum dessicator. - Weigh as
ZnHg (SCN), (76.2 mg per 10 mgZn). )

Remarks: Standardize carrier as Zan(SCN) also. Final ppf poor if radiations
soft becausc of large sclf-absorption’correction required.

6/27/49
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CHEI'ICAL SEPARATIONS

- Eloment separated: Zinc : Procedure by: - H, Hopkins, Jr.
Target material: hs ' Time for sep'n: 1 hr.
Type of bbdt: 190 Mev D . . Equipment requircd: standard

Yicld: WN60%
~Degree of purification: factor of «A50.
Procedurec:

(1) Dissolve As in 10 N HNO,. " Add 10.mg. Zn carrier and dilute to
1 N H. : :

(2) Aa4d 0.03 1 ammonium mercuric thlocyanate solutlon dropw1se until
pptn of Zn is complete.

(3) Dissolve in conc. HNO,, add other holdback carriers and reppt.

(4) Dissolve in HNO;, evap. off HNO, with HC1, scavengc with CuS from
2 N HC1. ' v

(5) Ppt 2ZnS from solution 0,01 _I_{_{ H .
(6) Dissolve in 1 drop conc. HCI & dilute.

(7) Ppt from 0.01 M H,

Remarks: Holdbagk carricrs. that can be added Cr thru Se except As & Zn._

6/27/49
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CHEMICAL SEPARATIONS

Element separated: Zinc _ Procedure by: Batzoel

Tdrggt material: Copper Time,for sepfn: 40 min.
Type of bbdt: al] particles 184" & GO" Equipment required: Standard

Yield: 60%

Degree of purificatioh: factor of 110°,

‘Procedure:

(1) The copper is dissolved in concentrated HNO, or HCL and HZO- to
speed up solution. Five mg of Zn and 1 or 2 mg of holdback
carriers for the necessary elements are added.

(2) Tho copper is removed as the sulfide from a 1N acid solutlon,'NH4OH
added to make the soln alkaline and then HZS added to complete préci-
pitation.

-(3) The precipitate is washed with-a solution containing a couplu of
drops of NH OH and saturated with HZS’
(4) After centrifugation 2-3 ml. of 5 N HCl are added, the precipitate,
,  stirred well, and the. solution centrifuged almost immediately (after
about one minute). The zine and manganous sulfides are dissolved
while the nickel and cobalt sulfides are attacked slowly.

(5) The supernate is boiled to remove H,S approx 1 ml conc, NH O
added to neutralize the HCl and an §qual volume (3,4 cc) of conc.
HAc added. The solution is heated almost to boiling and saturated

w1th HZS to preclp1tate the 2Zn.

(6) The precipitate is dissolved in 1 N HCl - the H,S boiled off and -
2 mg Fe holdbeck carrier added. 2 %o 3 pellc%s of NaOH are
added and the ppt removed leaving the Zn in solution as zlncate.

(7) The solution is made 1 N in HC1.and zine reagent added to perform
the final precipitations

Remarks:

(1) The Zn reagent is mado from 32 gm NH,SCN & 27 gm HgCl, in 500 ml
H,0. (Sec- Scotts Standard Mcthods of Chemical Ana1y51s, Vel. I,p.45)

(2) Tﬁe Zn reagent precipitate can be dissolved in 5-6 N HNOS.

. (3) The Zn reagent is a satisfactory analytical procedure, but the
| grav1metr1c factor should be determined experimentally.

7./6/49
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30-4

CHEMICAL SEPARATIONS S

Elcment scparated: Zine : Procedurc by: Stewart-
Softky

Target material: Copper foils (ca 300 mg) Time for sep'n: - 1-2 hrs.
' : for 12 samples

Typce of bbdt: 60" or 18:" deuterons Equipment required:
' 100 ml beaker
40 ml centrifuge conc
" filter funnel
20 mesh aluminum

Yield: 80-100%

Degrce of purification: Decontamination by factor of vﬂi04 from other
activities. :

fdvantages: Simplicity. Can be uscd 4o scparate Zn from copper rapidly
in o large humber of samples simultancously (c.g. for cxcitation
functions ).

Proccdure :

(1) Dissolve Cu foil in 100 ml beoker with a minimum amount of 6N
HNO Add 2-3 mg Zn carrier as nitrate or sulfate.

(2) Add 1 ml conc. HZSO4 and cvaporate to SO fumes to remove HNO .

(3) Dilute to 2-3 N H,S0, and add about 500 mg 20 mesh aluminum.
Boil until a1l Cu“is reduced and for about 5 minutes after the
solution appears to be water-white. Cool. : g

(4) Filter through a rapid filter paper and catch filtrate in a
40 ml conmtrifuge conc. Wash Cu ppt with 0.1y - HZSOA°

(5) Add o drop of methyl oronge to the filtrate and adjust to pH 2-3
: with NaOH and dilute H2S04.

(6) Saturate with H,S to precipitate ZnS, contrifuge, and dccant
supernatant. Wash with 0.01 E,stoﬁ containing HzS.

(7) Platc ZnS & count.
Remarks:

Method is designed to give rapid separation of Zn from Cu when doing

6 to 12 samples simultencously. Therc is some Cu contamination after
only onc aluminum reduction, 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 adding 1-2 mg inert copper carricr os chloride or sulfato
after filtering (step 4) & precipitating CuS from 1 N H,80, with Hés.
After removal, reduce acldlty to 0.1 - 0.01 ¥ HZSO & ppt %nS.

7/28/49
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30-5

CHEMICAL SEPARATIONS

Element scparated: 2Zine : Procedurc by: D. B. Stewart
Targct matorial: Copper Timc for scp'™m: 2-4 hrs.
Type of bbdt: 60" or 184" 4 Equipment required:

150 ml beakcr

filter funnecl, 40 ml
ocntrifuge cone,

stainless stecl clectrode
to fit 150 ml beaker

platinum clectrode

D.C. source

Yicld:  80-100%

Degrée of purifiéation: Complete separation from coppch'botter than 106.

Ldvantages: Only smrll amount of carrier nccded as compuréd to copper.
(1 mg Zn carrior can be recovercd quantitatively from up t0-20 g Cu)

Proccdurc:

(1) Dissolve copper in 6 R - and cvaporate off oxcess acid. Add
1 mg Zn carrier as nitrate 1%0 0.5 ml conec. H,S0,. Dilute to about
274"
100 ml with water.

(2) Elecctrodcposit copper on a stainloss stcel cathode at 2-3 voits,
' 5~10 ampcres using a rotating Pt anode. Sct apparatus in an ice
bath during the clectrolysis.

(3) Vhon solution is water-white, turn off current and quickly removo
clectrodes. Evanoratc solution to SO, fumes to rcmove IHNO,. (It
may be noccessary to add a few drops o% H S0,). . Dilute.to 20 ml
(or about 1N HZSO Yo Saturatc with Hés to prcclpltate remo ining
copper. _

(4) Filter through Whatman :42 filter paper, wash prodipitato with 1 N
H2$O4 containing a 1little st, Boil filtrate to cxpel cxcoss HZS'

(5) Transfer solution to 2 40 ml centrifuge cone. 4dd a drop of methyl
orange indicator and adjust to pH 2-3 with NaOH and dilute H,SO,.
Saturate with H,S to precipitate ZnS. Centrifuge, decant supcrnotant,
and wash-with 0.01 N HéSO containing HZS'

Remarks

(Step 2) Cathode uscd was a stainloss stecl inner jacket for the beaker

with a strip oxtension for outsjdc comnection to thc eclcctrolysis unit.

Exposcd surfaco was about 75 em . Dcposit is not very smooth at this

curront and cooling is neccessary.

7/28/49
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CHRITICAL SEPARATIOHNS

v —

Element separeted: Zinc v :' . Procedure by: Folger & Hick

Targes material: e~ 4 g U metal ' Time for sep'n: - 2 hr,

Type of bbdt: 184" bbdt all high energy | Equipment required: Centri-
particles ’ fuge, cones, ice, 110  oven

Yield: ~70%

Degree of purificatioﬁ: No detectable contamination from other fission and
spallation products - factor of~ 10" decontemination.

Procedure:

(1) To aliquot of nitric acid soln of U containing~ 10 mg Zn add 1 ml.
sat. H, C,0,, and make 1 ¥ in HNO (10-25 ml)., Cool in ice bath,
add 5 41 o reagent (39 g KSCN diSsolved in 200 ml H,0. Stir in
27 g HgCl, while diluting to 1 liter), stir 5 min. (ucratch glass
to begin Dptn.)

(2) Dissoélve ZnHg(SCN), in 3 ml 4 N HNO, and dilute to 1 N. Add 1 ml
© sab. Héczo4 and 3 31 Zn reagent.

(3) Repeat (2), but do not add H,C,0

27274°
(4) Dissolve ppt in 2 N HNO,, dilute to 1 N, and ppt CuS, Ag,S, SnS,,
szss, BlZSS Repeat uSing CuS as final scavenge.
(5) Imke 11 in NHQAc and ppt ZnS.

(6) Dissolve ppt in 5 ml conc. HBr, evap to dryness several ﬁlmes,'take-
up in 5 ml ¥ NaOH, add 1 nl 2"} Na,COz« Ppt l‘e(OH)5 (2 mg) and
BaCO; + S CO (2 mg) three timés from hot soln.

—

(7) Add HC1 %o make 1 N. Add 3 ml Zn reagent to cold soln, stir 3 min,

' filter, wash threc times with 5 ml ab olute EtOH and three times
with 5 ml ether, dry~ 15 min. in 110° C oven. Weigh as Zan(SCN)4
(76.2 mg per 10 mgZn). ‘ '

Remarks : Standardlze carrier as ZnHg(SCN), also. Final ppt poor if radlatlonu
sof't because of large self-absorption correction required.

' . 8/4/49
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Procecdure:

30-7

CHEMICAL SEPLRATIONS

Element scparated: Zinc Procedurec by: Re Ca Lilly

Target material: Copper ) v Time for scp'n: 6«8 hours

Typc of bbdt: Deutcrons - 60" _ Equipment required: Pt cvapor-
cting dish, Pt onode,

Yield: ~» 100% ’ stirring motor, DC sourcc

supplying 2-4 amps at ~n 5
volts, pH metor, beakers
and funncls

‘Degree of purification: excellent - at least factor of 100 from other

activities present.

Advantages: Easy method for removing large amounts of Cu

J

The weight of Cu uscd should not cxceed 2 gms for the quantitics and
volumes given below. If the amount of Cu is large, it is adviscble
dissolve the target and removo an aliquot.

(1) Dissolve Cu target in HNO, and.take the sol'n to drynoss.

5 .
(2) Redissolve the Cu(NOS) by warming with H,0; then add 2 ml
conce HNOS, 2 ml conc ‘2304’ and 2~5 mg Zn"as ZnSO4 solfn.
(3) Transfor to & Pt cwaporating dish; the soltn volume should be
~ 50 ml. Using a rotating Pt anode, rcmove Cu by clectrolyzing
- " for from onc to soveral hours at 2-4 amps andw 5 voltss The
sol'n should bccomo coloricss., Pour the sol'n from the dish
into a becker; rinsc tho Cu deposit with scveral small portions
of H,0 and add them to the main sol'n.

(4) Boil thc sol'n to & low volumo; add 2-5 ml 30% H,0, and boil off
cxecss H202° Ppt with NH, OH, fllter, and dlscarg %hc ppt, if
~any is prcscent.

(6) Mke the filtrate 0.3 N in HCl, heat to boiling, and pass in
H,S to ppt CuS. Filtoer and discard the ppt. Test for complote
ppt'n by cgain passing in HZS' :

(6) Boil the filtrate to drive off oxcess H,S. Adjust the solfn to
pH 2-3 with NH,OH. Poass in H,S to ppt énS. Filtor and wash tho
ppt with HZO' Dissolve the 2ZAS in 1 W HC1 if desired or use as
is.

Remorks:

The ZnS in step (6) should be whitec. If it is not, further purifica-
tions may be necessary for Cu and Fe and perhaps for other metol impuritics
such as NHi and Cr. ggls proccdurc has been usced for the preparation of
purce compounds of 7n . :

Seo Hillebrand & Lundell (Appllcd Inorgﬂnlc Analysis) for further
information on Cu dcp051t10n. P~18~238
8/19/49



30-8

CHEMICLL SEPARATIONS

Proccdurc by: Newton

A

Element separatcd; Zine
Target material: Thorium metal (.1-1 gm) Time for sep'n: . ;3 hrs

Type of bbdt: 66“ alphas - Equipment ;equired: Standard
Yield: ~ 50%

Degrce of purification: > 106

Proccdure: The Th metal is dissolved in cone HC1 plus a fow drops of
2 M (NH ) SiF. to clear up the black residuce. The HCl is diluted
to ?’N’wndan aﬁlquot taken.

(1) Add 10 mg Zn™*, 1-2 ml H,0,0, (sat.) and HNO, %o mako 1 M
(10 to 25 ml.) Centrifuge”out Th(C,0,),. COol in ico bath and
add 3 ml HpCl -KSCN rcagent. Stir &nd Soratch glass to ppt, let
stand 3-5 min. Centrifuge out Zan(SCN) ppt.

(2) To ppt, add 1.5 ml 6 § HNO, and 3 ml H,0. Boil until ppt dissolves
and for 1-2 minutes longer“to remove dScomposition productse. Dilutc
to 10 ml and cool in cold water. Add 1 ml sat C 0, and 3 ml
HgClz-KSCN reagents Stir for 3-5.min to ppt. Ccn%rlfugc.

(3) Repeat (2) on ppt.

(4) To thc ZnHg(CNS), add 15 ml 6 N HNC, and 3 ml H,0. Boil to dissolve
and for 12 min. %ongcr. Dilutc to I0 ml and sofurate with st.
Centrifuge. To supernate add 1 ml 6 N NaOH, 5 mg Bi carrier and
saturate with Hés. Contrifuge.

. chcat B12$
scavenging twice. .dd 2 ml 6 M NH uc(pH‘«J 5), saturate with
HZS ’ ccntrlfugc out the white 2ZnS.

(5) Dissolve ZnS in 5 ml conc HBr. Evap to dryncss over an open flamc.
Repcat cvaporation twice with 5 ml portions of HBr. Takc up
residue in 10 ml 0.5 M WaOH, add 1 ml 2 !f Na,CO, and boil. Keop
solution agitated and add 2 mg Fo' ' and 5 m§ Bit+ dropwisc.

‘ Dircest hot solution 1 min., contrifuge. Repeat hydroxide scavenging
twice on supcrnate.

(6) To the cloar supernatc add 4 ml 6 M HC1 and 1 ml sat H,C,0,. Cool
in cold water and add 3 ml KSCH-HgCl, rcagent. ~Stir occq51ona11y
for 3-5 min. Centrifuge out ZnHﬂ(SCﬁ)

(7) Suspend the ZnHg(SCN), in about 5 ml H,0 and transfer with aid of
wash. bottlo to a w01gﬁed filter paper In a small Hirsch funnel.
Filter with suction. .

(8) Wash ppt 3 timoes with 5 ml EtOH (absolutc) and threc times 5 ml
Et,0«. Transfoer paper to smll watch glass in-vacuum dosiccator.
Bviguate. 2 min. Release, cvacuatec 5 minutes. Ucigh as ZnHg
(SCN),, o

P-18-279



30-8 (page 2)
Romarks: To make HgCl,~KSCN rcagent dissolve 39 gms KSCN in 200 ml Hy0.
- 3tir in 27 gms Hg%lz while diluting to one liter.

This method has beon deseribed previously (Phys. Rev. 75 17 (1949)).

8/23/49

P-18-278 g :



CHEMICAL SEPARATIONS

Element‘sepatated: Gallium v - Procedure by: H. Hopkins, Jr»
Target material: As | Time for sep'n: 1/2 hr,
Typc of bbdt: 190 Mev p* - . .Equipment required: -standard

Yiel d AV 80/0 ’

Degree of purification: radiochemically pure by factor of VV10

Procedure:

(1) Dissolve As in 10 N HNO,, add 10 mg Ga carrior & 1 mg Fe' '@ carrier, -
evap to near dryness

(2) Add 6 N HCl and whcn cool extract tw1ce with equal volumes of
- ethyl ‘other.

(8) Wash five times with 1/3 volumes 6 N HCL.
(4) Extract into 5 ml ﬁbbn Add‘KOH‘£0'1 N and centrifuge.

(5)' To superhatant add HCl till just neutral, adgust pH to wA5.5 w1th

Lrbces of NH4OH and Hic.

~(6) " Centrifuge off Ga. (OH) -

Remarks: If want to checlt chemical yieid.weigh as the 8 hydroxy quinolate
preccipitated from slightly alkaline solution. :

6/27/49
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31-2

CHEMICAL SEPARATIONS

Element separated: Gallium | ' Procedure'by: Goeckermann
Target material: uﬁ 1 £ Bi metal Time for sep'n: 1-2 hrs.
Type. of bbdt: 184" all particles Equipment requlred' Centri-

fuge, cones, 110° oven.

Yield: A 80%

o

Degrce of purification: Decontamination factor WV 104 from fission & spalla-
tion products.

Advantages: Good yield of pure Ga.
Procedure:
(1) To aliquot of HENO, soln of target, add 10 mg Ga & W 2 mg b,
destroy HNO3 & make 6 N in HCl. Ixtract with equal vol of di-ethyl
ether, wash“with 1/3 vol 6 N HCl. Re-ext Ga into 2/3 vol H, 0.

(2) Boil out ether. Make 0.3 N in HCl & add 1 ml alcohol soln of
a—benz01n oxime to ppt lo.

(3) Ppt BiZSS(S mg) three times.

(4) Boil out H,S. Mke 1 N in NaOH, 0.2 M in Na Cco & rpt Fe(OH)

& BaCO3 scivenge three times.

(5) Make soln 6 N in HCl & ext with 1 1/2 vol ether. Yash cther with
6 N HCl & re-extract Ga into H,0. .

3

(6) Boil out ether. Evap %o dryness with 5 ml conc. HBr three times.
Talze up residue in 10 ml 6 N HCl & repeat ether extrn.

(7) Dilute H,0 ]ayer to 35 ml & heat to 60°C. Add 3 ml of &- -hydroxyquin-
oline soln (50 g/1 in 2 i HAc) & 6 M NH,Ac dropwise until e rmanent
yellow ppt forms, then add 1 ml excéss. Add acrosol & filter, wash
w1uh 10 ml warm H,0, twice with 5 ml cold H 0, dry 15 min. at
.110%¢. - Weigh as %a 8-hydroxyquinolate (72 mg per 10 mg Ga).

Remarks: Verv bulky heavy ppt per mg Ga. -Gallium ferrocyanide pptns were
included in the original procedure but were tested & discarded as unsat-
isfactory. HNO, can be destroyed in step (1) by adding hydroxylamine
and heating. . .

®

7 /6/49
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32-1

CHEMICAL SEPARATIONS

Element separated: Cermanium ‘Procedure by: H. Hopkins
Target material: As _ Tims for sep'n: 1 hr.
Type of bbdt:. léO Mev D . Equipment required: centri-

fuge, 100 cc dis-
tillation apparatus

Yield: greater 90%

‘Degree “of

Proceduroc:

1)
@)

(3)
(4)
(5)
(6)

Remarks:

purification: radiochemically pure by factor of VN.lOS

Dissolve As in 10 N’ HNOS. 'Add 10 mg Ge carrier and holdback

(Cr through Se)carriers.

Distil Ge from 20 ml boiling 6 N HCl in slow strcam of Cl,.
Catch dlstlllqte vepor in dry ice-acetone-cooled collectors

When 1/4 remains in dlstllling flask add more HCl and repeat.

‘Add NHZOH-HCI to+distillate until no further reactiqn occurs .

Pass HZS into the still cold solution.

Centrifuge of f GeS,.

When looking for a small amount of Ge in prescnne of o large

amcunt of Se ﬂct1V1tv, a special separation of Se¢ should be performed.-

" (See

6/27/49
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32-2
CHEMICAL SEPARATIONS .
Eleﬁent separated: Germanium Procedure by: Newton ,
Target material: Thorium metal (.1-1 gmj Time for sep™: oy 2-3 hrs.
Type of bbdt: 60" a's . .Equipment required: still

Yield: . undetermined

Degree of purification: 105 to 106

Procedure: The Th metal is dissolwed in conc HCl + a few drops .2 M solutions
(NH ), SiF, to clear up black residue. The HC1 is diluted to 2 N and
an al1quo% taken.

(1) Add 1o mg Ge + As. Ieke to 15 ml, 6 N in HCl. Add crystal of
: NH,I and treat with st at ice temp. Wash with 6 X H2$O saturated

w1%h HZS'

" (2) Dissolve ppt in 1 ml conc. NH,OH. 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 and & crystal of

KClOS; Distill all but 5 ml into 5. ml H,0 in ice bath.

(8) Pass IS into GeCl, solution and centrlfuge. Add 10 mg As to
ppt of GeS, and repeat GeCl, distillation (step 2).

(4) Repgeclpltate GeSz, wash with Héo, alcohol, and ether. Dry at
: 110" C. Weigh as GeSz

- Remarks: 10 mg Ge = 18.79 nmg Gesz.
This method has been described previsusly (Phys. Rev. 75 17 (1949)).

8/23/49
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CHEMICAL SEPARATIONS

Element separated: Arsenic - Procedure by: H. Hopkins, Jr.
Target material: As . ‘ v Time for sep'™n: 1 hr.
Type of bbdt: 190 lMev p* ‘ o Equipment required: " gtandard
o ' distillation apparatus
1060 cc

"Yield: greater 80%
Degree of purificatioh: radiochemically pure by factor of N 100
Procedure:

(1) Dissolve As in conc. HNO, "+ HCl. Add carriers of Se and elements
‘below, (2 mg). ' '

(2) Separate Se by procedure given under Se (34-1)

(3) To supernatant add HCl to make & 3 N solution containing
- 10 mg As/ml.

(4) Poss H,S into hot solution and stir vigofously. Repeat .
(5) Centrifuge off precipitate and wash with H,0.
(6) Dissolvc As and Ge salts with dilute KOH, loaving CuS behind;,,_*

(7) Sepsra,e Ge by distilling from 20 ml of boiling 6 N HCl in a
. slow stream of chlorine. ¥hen 1/4 volume remains, add 6 N HCl .
and rcpeat.

t

. (8) Precipitate Aszs5 from 3 N HC1.

. Remarks: So and As may first be removed together by VUlutlllZlng the
elements along a quardz or pyrex tube. '

6/27/49
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33-2

CHEIMICAL SEPARATIONS

Element separated: Arscnic Procedure by: Gocckermann
Target material; \al g Bi motal Time for scp'n: Foew hrs.
Type of bbdt: 184" all particles ' Equipment required: Centrifuge,

tubes, all glass distilla-
tion flask, tank Clz & HCI,

0 ' - ice, 110° oven.
Degreo of purification: Decontamination factor uxlO4 from fission & spalla-
tion products.

Advantages: ‘Projoct fission product procedurec. .

Procedure:

(1) To aliquot of HNO, soln of targct, add 10 mg As & u~ 10-mg Ge,
boil nearly to dryness, take up in 15 ml 6 N HC1l, add crystal of
NH,I, & sat with HyS at icc temp. Wash with HyS-sat 6 N H,50,.

(2) Dissolve ppt in 1 ml conc NH,OH & dilute to 10 ml (discard any
residue). Transfer to a glass still & add (410 mg cach Te, Sb,

& Sn. Add 10 ml conc HCl & distill all but 5 ml in a Cl, stream
into 5 ml H,0 in an ice bath. Add 5 ml conc HCl & (. 10 mg Ge %o
residue in‘%lask & reopeat distillation. - )

(3) To'residuc from GeCl, distillation, pass in HCl gas to remowve Clz,
add 1 ml sat CuCl in conc HCl, and distill over 5 ml in an HC1
strcam into 10 ml conc HCl in an ice bath. Add CuCl-HC1l to residuo
& distill further. '

(4) Pass H,S into distillate & centrifuge out As,S,. Dissolve in 1 ml
conc 4OH, add \» 10 mg Te, Sb, & Sn & .repeat AsCl3 distillation. .
(6) Ppt A3283 again, dissolve in 1 ml conc. NH, OH, add 10 ml conc.
© HC1l, sat wigh H,S, filter, wash with H, 0, EtOH, & ether, dry 10
min. at 110°C. 2Wcigh‘as A3283(16;4 mg per 10 mg As).

Remarks: Tank HClI & Cl, arc rather unpleasant & corrosive to work with.,
Proccdure is fairly slow. Ge can be separated along with the As. as
indicated.

7/5/49
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CHEMICAL SEFPARATIONS

Element separated: Arsenic _ - Procedure by: Newton
Target material: Thorium metal (.1-1 gm) . Time for seé}n:nx‘2-3 hrs.
Type of bbdt: 60" als . ’ Equipment required: still
Yield: wundetermined

5 6

Degree of purification: 10 to 10

[}
Procedure:

The Th mebval is dissolved in conc HCl + a few drops .2 M solution

(MH, ), SiF, to clear up black residue. The HCl is diluted to 2°N and
an aliquot taken. - -

(1) .

(2)

(3)

(5)
(6)

(7)

Remarks:

8/23/49
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Add 10 mg Ge + As. Make %o 15 ml, 6 N in HCl. Add crystal of
NH,I and treat with-HéS at ice temp. Wash with 6 ¥ HZSO saturated
w1%h H S. 4

Dissolve ppt in 1 ml conc. NH,OH. Dilute to 10 ml., Discard any
residve. Transfer to glass S%lll and add 10 mg each of Te,.
St and Sn carriers., Add 10 ml conc HCl and a crystal of KClO3
Distill all but 5 ml into 5 ml HZO in ice bath.

Add & ml conc. HCl, 10 ml Ge and KClO to remaining solution in
still and repeat. (Discard).

To residue from GeCl, distillation, pass in HCl gas to remove Clz.

Add 1 ml sat. CuCl soln in conc. HCl and distill over 5 ml in
HCl stream into 10 ml conc HCl in ice bath.

Add CuCl - HC1 and distill again. Pass Ho5 into distillate and
ppt Aszsg. : " o

Dissolve in 1 ml conc NH,O0H, add 10 mg Te, Sb and Sn and repeat

distillation. Ppt Aszs3 again, dissolve in 1 ml conc. NH,OH.

~ Add 10 ml conc HC1l, sat H,S. Filter, wash with Héo, EtOH%'ether;-

Dry at 110°, Teigh as As,S,.

This method has been described previously (Phys. Rev. 75 17 (1949)).



CHSMICAL SEPARATIONS

Element separated: Selenium 1 Procedure by: H. Hopkins,dJr.
Target moterial: As ' ' Time for sep'n: 3/4 hr.
Type of bbdt: 190 Mev D Equipment required: centr.

tubes, etec.
Yield: > 90%
Degree of pufification: radiochemically pure by factor of v 100
Procedure: |
(1) Dissol&e As metal in minimum 10 N HNbS.
(2) Add 5 mg Se carrier, evap. to near dryhess to reméve xs HNO5.

(3) Make up to 3 ml with 1 N HCl, edd NH OH* HCl until Se starts
27
to ppt from hot soln.

(4) Add 1 ml 1 N EI, heat 5 min, den’crifuge off mixture of Se and I,.

5) Dissolve with minimum fuming HNO,, repcat precipitation.
& =%

Remarks: 1In presence of carriers separates from all elements below Se.
If want to weipgh to check chemical yield do not add»KI in step 4.

This slows down the precipitation considerably, so much more time
must be allowed for complete pptn of the Se. .

6/27/49
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34-2

- CHEMICAL SEPARATIONS

Elément scparatod: Sclénium © , Proccdure by: - Gocckor mann
Target matorial: ¢~ 1 g Bi metal Time for septn: ¢l hr.
Type of bbdt: 184" all particles Equipment required: Centri-

fugre, and glass distillation
fla%xs, concs, tank SOZ’
110~ oven, ice.

Yield: (N 90%

a

chree of purification: Decontaminntion factor V\104 from fission & spallafion
products., : : )

o
Advantages: Good yicld of pure S¢ in relatively short time.

" Procedure:

(1) To aliquot of HNO, soln of target, add 10 mg Sc & Te, 10 ml conc.
HBr, & 0.5 ml 1liq Br, in a glass still. Distill in air stream to
3 ml residue, into 5 ml sat Br2 water in ice bath.

() EKeep at 1cé temp & reduce to So (rcd) with 802 or. NHZOH HCl. Add
! aorosol & centrifuge. ‘

- (3) issolve Se in fcw drops cone HNO s add 10 ml conoc. HCl & reduce
with §0, in an ice bath. Centrifige with acrosol. :

(4) Ropcat SeBr, distillation & Sc pptns as often as necossary for
dcsired purity. : -

(5) Pnt Sc, filtcr, wash three times with 5 ml H,O0,. threo tlmes with
ml EtOH, thrce times with 5 ml cthor, dry 10 min. at 110%.
Teigh as Se. ,

N

Remarks: Procedure can be made short cnough to catch half-lives {1 hr.

7/6 /45
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35-1

CHEMICAL SEPARATIONS

Elcment separated: Bromine Procedurc by: Gocckermamn
Targot material: V1 g Bi metal _ Timo for sep'm: 1-2 hrs.
Type of bbdt: 184" all particles - Bquipment required: | Ccnurl-

fuge, tubes, 110° oven

Yield: ¢ 60%

‘

Degree of purification: Decontamination factor v1104 from fission & spalla-
tion products. '

Advantagos:

" Procecdure:

(1)

(2)

(3)

(4)

(5)
(6)
(7)

Romorks:

Good yicld of purc Br.

L]

To aliquot of HNO. soln of target, add 10 mg Br~ & I, make 1 Nin
Nos, add a few drops of 0.1 M NaNOZ, & extract Iz into oquel Vol
CCl .

Add equal vol CCl to aquoous phase & add 0.1 M KHnO dropwisc until
color pers1sts, ke five extractions of Br2

Combine CCl, layers & wash with 1 N HNO, containing KiMnO,. Add 10
ml HZO & O. % N NaHSO, dropwise until both layers are colorless.
Wash®aq layor with. Cél

Make 1 N in HNO , add (410 mg I , warm a fow min. to oxidize 50, ,
add few drops 0.1 LINhNOz & cxtract I, five times with 10 ml CC 4°

cheat KM'nO4 oxidation & Br2 extrn & reduction.

Repeat I, & Br, cxtrn cycles as needed for purity.

2 2

lake last ag soln of Br™ 1 N in HNO,, heat, add 2 ml 0.1 N Aghog,
stir, dlgcst few min., filter, wash thrce times with 5 ml H,0,
E4tOH, & ether, dny 10 min. at 110°C. . eigh as AzBr(23.5 mg per 10
mg Br). R

The bismuth fission work only requircd three I -Br extrn cyclcé.

To prcvent possiblo losscs of trace Br during dlsso§v1ng of the bismuth,

onc might dissolve the targot in 6 N HNO, with the carricr Br present in
a glass still, and distill Br2 or HBr dircctly from this soln into H,0
in an ice bath. '

7/6/49
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CHEMICAL SEPARATIONS

Element scparated: Bromine ' Procedurc by: Lindner

_ , e Hodified by: Iaumonn

Torget material: Tantalum Time for scp'n: 2 hours

Typc of bbdt: Ta + 350 Mev protons g Equipment required: Sep.
' ' . funncl

Yiold: M 40%

Degrec of purification: cxcellent - factor of v\lO4 from fission and
- spallation products. '

Adventages: Provides for the scparation of Br, from targets rcquiring HF-
HNO,, mixturcs for solution of the target.  In thesc cases glass cquipment
is impossiblc and the mcthod of distillation of the halogens is imprac-
tical. ~

Proccdurc:

(1) Freshly precipitated  AgBr (well washed to remove xs Ag+) containing
10 mgs of bromine as silver bromide is added to 15 mls of 48% HF
solution contained in a lusteroid test tube. The target foil is
placed in solution and conc. HNO, is added as rcquired for solution
of the foil. (Sec (a) under remirks.) B : -

(2) After the target has dissolved the solution is allowed to stand
for 15 minutes, (Sce (b) under romarks.) the supernatant target
solution is rcmoved, the AgBr washed twice with 10 mls hot water,
10 mls of wabter is added and the slurry is saturated with HéS,
then contrifuged. 4

(3) The supcrnatant solution is boiled to remove H,S, 10 mgs I is
added, the solution is made 1 N in HNO, a fow drops of NaNO, is
added and the iodine extracted into 107mls of CC14. (extract a
total of 5 timos).

(4) 10 mls of €Cl, is addcd to the aqucous phase and 0.1 M KInO, solution
is added unti% the Bromine color persists. Extract Br? 5 times '
. {total) - 7

(5) Combine the Brz_CCl cxtract,wash with 1 N HNO, containing KMhO4,
© " add 10 mls H O and 6.1.§ NaHSO, dropwisc until both laycrs arc
colorless. Scc (c¢) under romirks) Tash aquecous laycr with CCl,.

(6) Makc 1 N in HNO, add 10 mgs I , warm for a fow minutes to oxidizo
the S0,7, add a"fow drons of 0.1 M NaN02 and extract the I, 5 times
with 0514.

(7) Repoat (4) and (5) as nccded (A total of 3 times was uscd for
purification above.) ' ' X

(8) MMoke last aqueous solution of Br- 1 N in HNO,, heat, add 2 mls

0.1 N AgNOS. Stir, digest a few minutes, waéh three times with

5 mls HZO’ 5 mls CzHSOH‘ 5 mls cthere Dry for 10 mins. ast 110° ¢.
\

P=18-11L



Remarks:

(a)

(v)

(o)

(@)
(o)

1/e1/a9

P~18~110

35=2 (page 2)

This rcaction'prococds rapidiy and at no time should therc be
an xs of HNO,. Heating is not requircd and lusteroid tube may
be -ice cooloé if nececssary.

Proccdurc depends upon an cquilibration betwcen AgBr and tracer
bromide ion in the target solution. If the tracer bromine wero

in a higher oxidation state this cquilibration would be impossiblce.
However, since the Ta is being dissolved it may be assumed rcductivo
conditions oxist and all the tracer is in the form of bromlno or
bromidec.

Unlcss the solution is kept acid HnO, will precipitate. The MnO
precipitation may also bo avoided 1f the solution is warmed boforc
permanganate addition.

Steps (3) to (9) arc ReH}Goebkehmnnn*&-proccdurc for bromine. (35-1)

12 might also be scparated by this proccdurc.



36=3

CHEMICAL SEPARA TIONS

Element separated: Bromine Procedure by: Newton

Target material: Thorium metal (.1-1 gm) Time for éep'n:fd 1 hr.
Type of bbdt: 60" metal ' Equipment required: Standard

Yield: ™~ 50%
Degree of purification:rv 108 except from I (e~ 10* from 1)

Procedure: The Th metal is dissolved in conc. HCl + a few drops 2 M solution
(NH ) SiF. to clear up black residue. The -HCl is diluted to 2 N and
an allquog taken. Sample added to 15 ml 1 W HNO3 in 50 ml separatory
funnel. Add 10 mg Br carrier and- lO mg, I carricre

(1) Add KMno4 (0.1N) dropwme until color persists (15 drops). Make
5 successive extractions with CCl,. Discard aqueous. To CCl,
layer add 10 ml water and 0.1 N NaHSO until CCl layer color%ess
on shaking. Discard the 0014.

(2) To aqueous add 2 ml HNO, and 10 mg I-, add 4 drops of 0.1 M NaNOz.
Extract five times with“CCl Add more I~ and repeat extraction
with four more portions of 601

2

(3) Add KMnO, to oxidize Br . Extract 5 times with CCL,.

(4) Extract CCl4 with NaHSO,. Add Ag to ppt AgBr. Fllter wash
three tlmes with 5 ml H,0 and three times w1th 5. ml EtOH._
Dry at 110° , 10 min and“weigh. 10 mg Br = 23.5 mg AgBr. . -

Remarks: This method has been described previously (Fhys. Rev. 75 17 (1949)).

8/23 /49
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CHELIICAL SEFARATIONS

- Element separated: Rubidiﬁm ~ Procedure by: Goeckermann
Target material: i~ 1 g Bi metal Time for sep'n: Several hrs.
Type of bbdt: 184" all narticles Eguipment required: Centrifuge,
: : ' tubes, smell Pt dish, ice,

110° oven

Yield: Rb wN30%
Degree of purification: Rb looked very clean by a factor of at least lO3
Advantages: Supposed to give Rb pure of all elements and separate it from Cs.

Procedurse:

(1) To aliquot of HNO, soln of target, add 20 mg Rb & Cs & 5 ml conco
HClO,. Evap to fuming, cool, transfer to cent tube with 15 ml
absolute EtOH. Cool in ice bath 10 min. with stirring. Wash ppt
twice with 10 ml absolute EtCH.

(2) Dissolve in dilute HC1l & scav with Te, Ru, Sn, Sb, & Ag sulfides
(2 mg each) by adding HyS.

(3) Scav with NH, pptn of La, Ce, Y, Zr, & Cb (2 mg each).

(4) Scav with Sr & Ba carbomates (4 mg) |

(5) Acidify with HOl, repeat (2).

(6) Repeat (3).

(7) Scav with La(OH)z.

(8) Scav with Sr & Pa carbonates & Y, Zr, & Cb hydroxides.

(9) Acidify with HCl, evap %o dryness in a Pt clén,'destrOJ I, 01 by add-

ing a few drops HNO3 and baklng carefully (do not overheat or Cs may
be lost). v

L

(10) Dissolvc in a minimum of H,0, transfer to a cone & cent out any
‘ residue, evap to dryness in the cone. Add 6 ml Hth01 & 6 ml EtOH,
wash Rb & Cs chloroplatinates with EtOH.

(11) Dlssolve in HCl & repeat Te sulfide scavenging.

(12) Repeat 1 VHS pptn of La & Fe hydroxides. |

(13) Repeat Sr & Ba carbonate scav

(14) Acidify w1th HNOS, add HCl, evap to dryness, bake off ammonium salts

carefully again.

P=18-63
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(15) Cs ~ Take up residue in 20 ml 6 N HCl, add 1 ml silicotungstic
acid soln & digest. (Save this supn. for Rb fraction).

(16) Rb - Ppt a Cs silicotungstate scav from the supn saved. Evap
“until crystallization begins,oadd gthC16 & EtOH, filter, wash
with EtOH, dry 10 min. at 110 C. V8igh as Rb, P£C1 (33.9 mg

6.
per 10 mg Rb). .

Remarks: Noyes & Bray recommend ppting the Rb away from the Cs with sodium

6-chloro-5-nitrotoluenemetasul fonate, which we now have on hand, & then
ppting the Cs silicotungstate. This may give better Cs-Rb separation.
It may be better. to weigh the Cs as Cs,PtCl, after purification. .
It has been alleged that 2BiI,+3CsI pptn is specific for Cs. I tried
the pptn of Rb away from Cs with cold sat sodium titartrate but the
results were very poor. More Cs silicotungstate pptns with Rb holdback
present would probably pgive dlean Cs.

The fuming of HCiO4 canbe done easily in 40 ml pointed centrifuge cones.

For Cs‘sep'n from same'target see (55-1).

- 7/12/49
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CHEMICAL SEPARATIONS

Element scparated: Rubidium : : Procedure by: Narraker

Target material; NH4Br ' Time for sepin: \ 30 min.

Type of bhdt: 46-140_Mev a o Equipment required: No special
.equipment '

Yield: u~40%

Degrec of purification: Good, at beét a factor of 100 except from other
alknli metals. - ‘

Advontages: Fast, easy, and gives almost carrier-free activity.
Procedure:

(1) NH Br in porcelein crucible, add a few drops of dil. HCl, then
"~ heat strongly in hood, using burner, NH, Br sublimes off, Kr acti-

vities evaporate. Continue heating till no more solid is visible.
Wash crucible with a small amount of dilute HNO,. (For mass .
spectrographic purposes, this is sufficiently pure). '

(2) Add about 1 mz Rb carrier, and scavenze the solution with few mg
of Te(OH)S,_HgCOS, AzCl, and any sulfide. This, practically
speaking removes all impurities except alkalis. .

Remarks: It should be noted that no separation is obtained from other
alkalis. '

- If BRb is not to be used in mass spectrograph, carrier may be added
initially. . :

7/14 /49
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CHELMICAL SEPARATIONS

Llement separated: Rubidium - Procedure by: S. Castner
Parent material: SrCloO (tracer or with - Time for sep™: 20 Min.

© 50 n1gn carrier)in 10 B-HC10,

Type of bbdt: HMilking experiment - Equipment required:
' . ' Std, cones, etc.

Yield: wAS0%

Degree of purification: ILess than 2% Sr carried along.

-Procedure:

{1) Sol'n is heated in boiling H,0. (Sol'!. volume = 1 ml). - 50 p gms
RbNO3 are added. Stir. . . '

(2) Cool in ice bath and let stand for 5 minutes. Centrifuge and
remove supernatant for later milking. (The RbClO4'may be dissolved
in any sol'n if heated). '

{3) Add 250 N sat. ¥a,C,0, sol™ and heat until just dissolved.

(4) Add 50 y gms Sr ' sol'n and centrifuge the ppt while the.sol'n is
still hot. . _ L

(5) The supernatant containing the Rb is then removed.

Remarks: The majority of the Rb loss is carried away in the ST scavenge as
the sol'n cools rapidly. The Sr parent sol'n contains only approx. 1% of
‘the Rb after the milking. :

7/27/49
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CHENICAL SEPARATIONS

Element separated: Strontium Procedure by: Goeckermann
Target material: v» 1 g Bi metal Time for sep'™n: 1-2 hrs.
Type of bhdt: 184" all particles Equipment required: Centrifuge,
: tubes, . ice, vacuum dessi-
cator :

Yield: »80%

Degree of purification: Decontamination factor Uq104 from fission & spallation
products. Sy decontaminated >100 from Ba.

Advantéges Good yield of Ba & Sr, separation from all other elements except
Re, very good separation of Sr & Ba from each other.

Procedure:

(1) To aliquot of HNO, sol'n of target, add 10 mg. Sr & Ba, 30 ml fuming
HNOS, digest cold "1-2 min.

(2) Dissolve ppt in 2 ml H,0 & reppt with 15 ml fuming HNO.

(3) Dissolve_ppt in 5-10 ml H,0, add & mgFe+3, & ppt Fe(OH)5 with tank
NH, (CO freel) Repeat %e(OH) scav.

(4) Neutralizé supn with 6 N HNOS, add 1 ml 6 MHAc & 2 ml 6 M NH, Ac.
Heat to boiling & add 1 ml 195 M Fa Cr0, dropwise with stirring.
Digest one min. (Save the supn ~for’Sr %ractlon)

( 5) Sr - Ppt 5 mg BaCrO4 scav from supn saved from Ba sepn. Add 2 ml
. conc. NH OH, heat, add 5 ml sat (NH,),Ox slowly. Stir 2 min, filter,
wash thrée times with 5 ml H,0, thrée times with 5 ml EtOH, three
times with 5 ml ether, dry like BaClz. ‘Weigh as SrCz . H,0 (22.1
mg per 10 mg Sr). '

Remarks:. Procedure adapted for use when Sr activity much greater then Ba.
Ra follows the Ba well, can be separated from it by use of a resin
column.

.. ~ For Ba sep'n from same target ses 56-2.

7/12/49
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CHEMICAL SEPARATIONS

- Element separated: Strontium Procedure by: 8. Castner
Target material: BRbCl (\a 30 mg) finely Time for sep'n: 35 min without
divided column; 1 1/2 hr. with column
Type of bbdt: 184" deuterons and protons Equipment required: 1 ml cones,

pipettes, ete.
Yield: V" 90%

Degree of purification: Excellent ~ ¢n5% Rb contamination without. column.
.2% or less Rb contamination with column.

Advantages: Quick, mey be modified to give carrier free Sr.
Procedure:

(1) Dissolve target in 500 A of Na,C (3 gms/iOO ml). Hea$ in
e s . 2 2 4
boiling water for 1 min. Stir.

(2) Add Sr carrier, stir and cool in ice bath centrifuée, withdraw the
"~ supernatent. (5 j gms of Sr'~ produce visible ppt) see remarks il.

(3) Wash the ppt with Na,C,0, (500 A), stlrrlng up and then centrlfuglng
and discarding the wash soltn.

(4) Repeat wash 3 times.
(5) Vash with H,0 (500 ) twice (see remarks) #2.

(6) Dissolve the ppt in 100 )\ 11.0M-HC10,. Heat. Add 5 gms Rb',
stir, cool in ice bath and centrifuge. This gives the Sr practically
carrier free in 1,100 ’Aof sol'n.

Remarks:

(1) and (2) “hile 5 n gms of Sr e produce a VlSlble ppt as stated when
washed with 1 ml of H20, 25% of the ppt will dissolve. '

(3) If carrier free Sr'' is desired, 10 j1 gms of Ba** carrier may be

- added instead in step (2)." The ppt is not washed but is dissolved
in 0.1 N HCl and placed on a 2 mm diameter 1on exchange column,
2" long. The Sr+ comes off well after the Rb*. (Flow rate of
A1 drop/2.5 min.)

SrGO:5 carries Rb with it in large quantities.

v

_ 7/27/49
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CHEMICAL SEPARATIONS

Element scparated: Strontium , Procedure by: Folger & Hicks
Target moterial:nv 4 g U metal . Time for scp'n: 1~2 hrs.
Type of bbdt: 184" all high onergy Equipment required: Centri-
particles fuge, tubes, ice, vacuum
' desicocator

Yicld:~s 8_0%

Degrece of purification: Decontamination factor n&04 from fission and
spallation products. Sr decontaminated » 100 from §a.

Advantages: Good yield of Bo & Sr, separation from all other elements
except Ra, very good secparation of Sr & Ba from cach other, and Sr
from Ra (which follows Ba).

Procedure:

(1) To aliquot of HNO, soln of targct ntaining 10 mg cach Sr & Ba,
and reduced in volume to ~s 1.5 m1%712-13 ml fuming HNOS, digest
cold 5 min.

(2) Dissolve ppt in 1 ml H,0 & reppt with ~ 13 ml fuming HNO,.

(3) Dissolve ppt in 5 ml H,0, add 2 mgFo™ >, and ppt go(OH)3 with tank
I\THS(Cos~ freel) Repe;% Fo(OH) scav. (1 mg. Fo'°).

(4) YNeutralize supn with conc., HNO, to methyl orange ond point,add 1 ml
6 MHA & 2 ml 6 M NH,Ac. Heabt to boiling & add 1 ml 1.5 H o, Cr0,
dropwise with stirring. Digest onc min. (Savc the supn for Sr
froction). _ _ .

(5) Ppt 5 mg BaCr0, scav from supn saved from Ba scpn. Add 2 ml
conc. NH,OH, hdat, and ppt SrCO, by adding satd Nazco + Digest 2
min, ccn%rlfuge and dissolve in S'E HC1 (minimum). BO6il out 002'

(8) Moke basic with and add satd ¥a,C,0,. Stir 2 min (hot ),
cool, Pilter, wash“thrce +imes wlth 5 m% Hzo, three timcs with
5 ml EtOH, three times with & ml ether, dry 11k0 BaCl Weigh as
SrC 50, +H,0 (22.1 mg per 10 mg Sr).

Remarks: Procedurc adapted for use whon Sr activity much greater than Ba.
Ra follows the Ba well, can be separatced from it by use of a resin column,
Sec AECD 1998 (Edward R. Tompkins)

For Ba scp'n from same target sece 56-1.

In step (4) cdd 1 drop lic=orange to the sol'n bcforc.néutralization starts.

8/12/49

P-18515&



38=~4

GHEMICAL SEPARATIONS

- Blement separated: Strontium Procedure by: Lippmamn ond
A Goeckermann
Target matorial: Au foil, about 1 g Time for sep'n: 1 hr. for
- Sr
Type of bbdt: Full energy protons, helium Equipment required: Ice bath .
ions, or deuterons - and hot water bath

)
Yield: Sr 50%

Deéreé of purificatign: Good -~ about 105 from Au and spallation products
. ° and at loast 10 from fission products.

Advantages: Sr, Ba and lb can all be separated from the same target material.
Procedure: N P

Dissolve target in hot solution containing 10 mg cach of Sr, Ba, and
Mo, 5 ml of 12 M HC1 and 5 ml of fuming HNO,. Cool solution in ice
bath and slowly add about 30 ml fuming HNO,- Sr(NOS)z and Ba(No5 )2

precipitate. Centrifugoe.
Dissolve preocipitate in 5 ml 3,0, add 5 mg FbIII, warm in hot water
both, end precipitate Fe(OH), with 6 M NH,OH. Centrifuge. If desired
add morc Fe and centrifugé out Fe (OH), again. Neutralize supernatant
with a few drops of 6 M HC,H,0,, hcat to boiling, and add 2 ml of 1.5 M
NaZCrO dropwise. Digest gaér64 precipitate in hot water bath and -
centri%uge. :

Heat sGpernatent from first BaCr0, precipitation to boiling, add 1 ml
of Ba carrier dropwisc, digest in"hot water bath, and contrifuge. To
supernatent add 2 ml of 15 M NH,OH (colpr of solution should just
change from orange to yellow), ﬁoat to boiling, add 5 ml saturated
(NH4‘)20204 dropwise, digest in hot water bath, cool, filter, wash

thrée timds with 6 ml H,0, three times with 5§ ml alcohol, and threo _
" times with 5 ml ether. Dry in a vacuum desiccator by pumping 2 minutes,

lotting in air, and then pumding for 5 more .minutes. Weigh as SrC,0, «H,0.
Remerks: |

All additions of fuming or concentrated HNO, should be made cautiously:
they tend to rcact violently after a short Induction period,

8/12/49
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CHEMIC.L SEPLRATICNS

Elcment separated: Strontium Procedurc by: Newton
Target material: Thorium metal (.1-1 gm) Time for sep'n: 1 hr.

Type of bbdt: 60" alphas : Bquipment rcquired: Standard
Yield: 75% on Sr |

Degrce of purification: 106 other F.P. “’103 fromua riun

f

Advontages: Ba and Sr can be taken out in same proccdurc.

Proccdure The Th metal is dissolved in conc HC1l plus a few drops of
.2 M (NH,),SiF, to clear up the black residue. The HC1 is diluted
to 2 N and ‘an aliquot takon.

(1) Add 20 mg ca ch Ba and Sr carrier and 30 ml fuming nitric acid.
Cool 1~2 minutes with stlrtlng and ccntrlfugo. (If S0, present

add H?SO to ppt BaS0,. Wash with 10 ml H,O. . lotathésize with
50% K_ CO by boiling 5 min.  Centrifuge, wash with water. Dissolve
ppt 1% 1 N HNO,» Discard residue. Then make fuming nitric acid

3°
pptn. )

(2) Dissolve ppt.in 2 ml H,0. Re-precipitate with 15 ml fﬁming‘HNOs.
(3) Dissolve ppt in 5 to 10 ml H,0., 4dd 5 mg Fe*tY, ppt Fo (OH)

by adding 2 ml carbonate frce 6 M NH, OH or pass in NH gas %o

ppt Fe(OH,3 Centrifuge.

(4) Neutrwllze supernote with 6 ¥ HNO,. Add 1 ml 6 M’an, 2mlé M
NH Ac. Heat solution to nearly bdiling. Add 1 ml of 1.5 M Na2CrO4
dropw1se with stirring. Let stand 1 min. Centrifugc. Roscrve
supernatce for Sr. ' :

(5) To clear supcrnato add 2 ml conc NH,OH. Heat nearly to boiling.
Add 5 ml saturated ammonium oxalate slozly with stirring. S#tir
1-2 min., filter with suction into a weighed filter paper. Wash
three times with 5 ml.dil hot NH,OH, thrcc times with 5 ml 95%
EtQH, three times with 5 ml Etzo. Dry by vacuum 2 min, releasec,
5 min.. Weigh as SrC O H20° :

Remarks: This proccdure has been dcscrlbed previously (Phys. Rev. 75 17 °
(1949)).

For scparation of Ba from this procedure seo (56-7).

Prcparation of carricr solution: Dissolve 24.1 gms of Sr (N0 )2 in
water and dilute to 1 liter. :

Standardization: Take 5 ml carrier add 30 ml H,0. .idd.5 ml saturatod
oxalic acid and heat nearly to boiling. Add 2 ml conc NH,OH dropwisé with
stirring. Let stand 10 minutes, céol in tap water., Filter into a sintercd
glass erucible. Wash 3 times with hot water containing o slight amount
of NH40H; thrce timos with 95% EtOH and three times with 5 ml portions EtZO.
Evacuate in vac desiccator for 2 min.,release vac and evacuate five minutos
longor and weigh as SrC .H20. Ropeat evacuations until weight constant to
0.2 mg, P-~18~281
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HEMICAL SEPARATIONS

Element sgpdrated: Yttrium (Y-grou~ rare earths)'Prooedure by: Goeckermann

Target,materiali w1 g Bi metal Time for sep'n: A2 hrs.

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

fuge, tubes, ice, vacuum
dessicator, tank 802 &

NH3

Yield: A 70%

Degree of purification: Decontamination'factoru‘i104 from non-RE fission &
spallation products, Y-group separation from La-group probably fair.

Advantages: Designed to separate a lot of Y activity from a hot target which
has little rare earth activity, especially Y-group RE.

Procedure:

(1)

>

(@)

(3)
(4)
(5)
(6)

(7)
(8)

(9)

(10)

Boil out H.S, mke 2 N in H & add 2 ml conc. HF. Wash with H O.
/ — .

To aliquot of HNO, soln of target, add 10 ﬁg Y, Ia, Ce, & 2r,

make 2 N in HCl, & add 2 ml conc. HF. Wash ppt with 10 ml 1 N

HC1 containing HF.

Dissolve in 1 ml sat H,BO, & 8 ml conc HNO,. 4dd 0.2 g KBro
& 20 ml 0.35 M HIO,, digeSt 3 min in ice bath. Cent Ce (10 )4.

Adgd second portion YBrO to supn, 10 mg Ce & Zr, digest 5 min in
ice bath.

Add 9 ml 19 M NaOH %o supn. W¥ash ppt with HZO.

Dissolve ppt in 1 ml conc HC1l, dil to & ml, rcduce with SO
hydrox1des with I\TH3 & wash with slightly a;kallne H,0.

2
Dissolve in HCl & scav with Bi.S

o Ppt

25z twice.

2

lletathesize with pellet NaOH in a little H,0 & wash hydroxide

ppt (watech out for peptization!) Dissolve in HCl & evap to dryness.
Add 3 ml 50% K,CO, & heat to dissolve ppt. Add 20 ml H,0 & heat
until gelatinous ppt becomes crystalline (occurs sudden%y after
long heating), then 2 min longcr. Cent ILa=-group ppt.

2

Acidify supn with HC1l, ppt Y(OH) with NHS’ & wash twice with H,0.
(May repeat La-group soparatlon)

Dissolve Y(OH)Y in 1 ml 5 N HC1, add 15 ml H,0, boil, add 15 ml
sat H,C,0,, digest 10 min in ice bath, filter, wash with 3 ml
HZO’ hreé¢ times with 5 ml EtOH, three times with 5 ml ether, dry

“in vacuwum dessicator -- 2 min. evac, release, 2 min evac, rclease,

2 min cvac. Weigh os Yz(czo4)3-10Héo (35.0 mg per 10 mg Y).

P~18=50
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Romarks: Sometimes no separation from Ce or la~group activities was made )
in the bismuth fission work. Real scparations of Y and the lanthanides
.can be done with resin columns. - '

7/12/49
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CHEMICAL SEPARATIONS

Element separated: Yggfggg ' _ Procedure -by: Lindner
Target material: Sb (.5 gm métal) _ Time for sep™: n; 2 hour
Type of bbdt: 184" D, & a | ~ EBEquipment required:

Lusteroid tubes, centrlfuge,
cones

Yield: N/ 957

Degree of purification: A% least factor of 100

Procedure:

(1)
()
(3)
(4)
(5)
(6)
(7)
(8)

(9)
(10)

(11)

(12)

£/18/49
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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 HI\TO5 dropwise until
dissolved (~s 10 min). Dilute to ~ 20 ml.

To the SbF,~ solution add 20 mg each of Te, Sn, In, Cd, 4Ag,
Pd, Ru{ Mo and Y carriers as soluble salts. Add 2 drops conc HCl.
Centrifuge the YFS and AgCl ppts.

Wash the ppt with 1 N HF.

Dissolve out the Ag from the ppt by addlng 1 ml conc. NH OH.
Centrifuge.

Dissolwve the YF_, in 0.5 ml sat H,BO_, 1.0 ml conc HNOS, on a
hot water bath.” Add 5 ml 6 N NagH gnd centrifuge.

Uash the Y(OE), ppt with alkal ine sol’n and dissolve in one+drop
conc. HC1. ?ute to 20 ml. Add 1 gm NH Ac. 4dd 2 mg In
soln. Satura e with Hgs and centrifuge. “Discard the In 2S5z ppt.

Boil the supn to expel H, S. Add 3 drops 27 N EHF.

Dissolve the YF, ppt in HzB0,-HNO, and ppt Y(OH)3 as in (5).
Make to 20 ml in 2 N HCI.

Add 2 mg SbCl3 carrier tQ sol'n. Saturate hot‘with HZS' Centrifuge.

Discard the Sb,S, ppt. Repeat the fluoride cycle (7) & (8).

Dilute aliquot to 10 ml. Boil and add 5 ml sat H20204; Centrifuge
out the Y2(0204)3.10H20 ppt. |

Wash with 3 ml HZO’ then 5 ml EtOH, 3 times with ether. Dry in
desiccator under vacuum. Weigh as Y2(0204)5.10H20 (35.0 mg per
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CHERMICAL SEPARATIONS

Element separuted Yttrluqu ' Procedure by: S, V. CAstner
Target materials §rCo, Time for sep'm: 20 min,
Type of bbdtr Protons 184" : . ' Equipment required: Centrifuge,

cones, hot water bath
Yield: 100% by radioactivity (see remarks)
Degree of purification: ¢ 1% Sr carried with Y.

Advantages: Crystalline ppt which is easier to centrifuge and/or filter
than usual hydroxide curds

Procedure:

3 soln contalnlng H sufficient to dissolve

(1) Dissolve SrCo, in YC1
© the carbonate” (1/3 mg/ml of Y1, & H =025 N).

(2) Add 1/2 val of soln made as follows- 0.17 mg (:::T/ﬂ\} (8 hydroxy

" quinoline) dissolved in-12.5 ml of acetone diluted to 50 ml with
H,0. (turns yellow due to acidity of distilled HZO). Stir.

(3) Add conc NH, OH dropw1se until odor of NH3 can be detected above
soln. : .

(4). Place in boiling water bath for 10 minutes, centrifuge. Ytbtrium
- will ppt as very finoly divided grayish green crystals, Sr remains
in soln In chemical yield run,> 99% Sr recoxered after yttrium
was ppte Y ppt may be dissolved in HE or H + acetone.
Remarks : |
(1) On a seocond ppt of Y from Sr bombardment by above method no
activity (¢ 30 c/h above bagkground) wes detected in Y fraction.
Initicl Y fraction had > 10 ¢/m in loss than 1% of the fraction.
(2) All Y rare earths carry with Y .
. (3) No expt tried to see if lanthanum rare earths carry or not.
-(4) After the yttrium has been coagulated and centrifuged the soln,

being basic, is colorless and clear. Filtering through dense
_filter paper on a Hirsch funnel will also remove all ppt.

é/is/as

P-18-251
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CHEMICAL SEPARATIONS

Element separatcd: Zirconium . Procedurc by: Goeckcrmann
Target material: v 1 g Bi metal Time for scp'n: 1-2 hrs.
Typc of bbdt: 184" all particles Eqﬁipment required: . Contrifugo,

tubes, lusteroid cones, ice,
small porcclain crucible.

Yield: o~ 60%

chrée of purification: Decontamination factor 104 from fission and
spallation products (no Th & negligible ﬁf activity present).

Advantagcs: Good yicld of pure Zr, if no Hf activity present.
Proccdure: |
(1) To aliquot of HNO, soln of target, add 10 mg Zr, mako sample up
“t0 A\ 5 ml of 5 N ENO, in a lusteroid conec. Add 2 ml conc. HF
& 10 mg La. chcat LaF3 pptne : :
(2) Add 50 mg Ba to supn. Wash BoZrF, pph.

(3) Dissolve ppt in 2 ml 5% HSBOS, add 1 ml conc. HNO, & 5 ml HZO,
repoat LaF pptn twice (as in (1) and 2)).

(4) Rercat BaZrF, pptn.

(5) Dissolve with 2 ml H B0, 2 ml conc. HCl, & 5 ml H 50+ Add 1 drop
. conc Héso & cend ou% BaSO4 ‘

(6). Dil supn to 20 ml & add 2 ml 6% cupferron in icc bath, filtcr, wash
"~ with oold 1 W HC1l containing cupferron, ignite in a porcclaln
crucible. Yeigh as zr0, (15 5 mg per 10 mg Zr).

Remarks: This procedurc probobly cffects no scparation from Hf,Th I don't
know about. 2r can bc scparated from Hf by the use of TTA or anion
oxchango resins. . .

7/8/49 .
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CHEMICAL SEPARATIONS

Element separated: Zirconium ' " Procedure by: Newton
Target material: Thorium metal (,1-1 gm) Time for septn: 1-2 hrs.

Type of bbdt: 60"-alphas Equipment required: Standard
Yield: N 60%

Procedure s The Th metal is dissolved in cone HCl plus a few drops of .2 M
(NH, ),SiF, to clear up the black re51due. The HC1 is diluted %o 2 N'
and“an aliguot taken. ‘ -

(1) Use a lusteroid tube, add HNO, to make 5 ml of soln 4 to 5 molar
in HNO,. Add. 20 mg Zr carrier, 2 ml conc HF and mix well.
Centrlﬁuge off ThF

4°
(2) .Ad4d 10 ng 1a*™ carrier. Mix well and centrifuge. Add a second
10 mg and centrifuge down on top of lst ppt. Decant.

(3) Add 50 ng Ba*t to supn., Mix and let stand 1 min. Centrifuge.

(4) Dissolwe ppt by adding 2 ml 5% H 5B0z and stirring, Add 1 ml conc
HNO, and 5 ml H,0. Add 2 ml 27N°HF and 50 mg Ba + Stir until

ppt forms and let stand 1 minute longer.
(5) Repeat (4).

(6) Dissolve with 2 ml H,BO,, 2 ml conc HC1 and 5§ ml H,0. Add 1 drop
conc HZSO and centrlfuée off BaSO » .

(7) Transfer supernatc. Dilute to 20 ml and ppt Zr at ice temp with
2 ml 6% cupferron reagent. Centrifuge. Wash ppt with 1 ml cold
HC1 conteining a few drops of ocupferron. Filter at once.
(8) Ignite ppt to Zr02 in porcelain crucible. leigh.
Remarks: This procedure has been described previously. (Fhys. Rev. 75 17(1949)),
.Pfeparatlon of carrier solutions: Dissolve 29.40 gms ZrO(NO )5 +2H,0

in water, adding a few drops of HNO if necessary to clarify the so ution.
Dilute to 1 liter.

Standardization: Tske 5 ml carrier. Mgke 2 M in HCl and cool in
jce bath to 10~ C. Add a slight excess of 6% cupferron solution. Filter
and ignite in a porcelein crucible with care to prevent splatterlng of
oils distilled from cupferron. Final ignition temper ature 600° C. Weigh
as 2r0,. (6% cupferron solution: ' 6 gms cupferron and pinch of (MH 4)2C05
in 100°ml E,0. Solution slowly decomposes. )

5/23/49

P~18-292
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CHEMICAL SEPAR:LTIONS

Element separated: Columbium Procedurc by: Gocckermann
Target material: A\ 1 g Bi metal , Time for scp'n: wA 2 hrs.
Type of bbdt: 184" all particloes Equipmont required: Centrifugo,
: ‘ tubes, ice, lusteroid concs,
crucible ’

Yield: approx. 50%

Dogrec of purification: Decontamination fac’cor}'lo3 from fission & spalla-
tion products.

Advantages: Fair yicld of pure Cb
Procedure:

1. Add ogqual volume of concentrated HNO, to aliquot of HNO, soln of
targot, 1 ml 6N HCl, 1 ml saturated czoﬂ, 20 mg Cb, and 10 mg
Zr. Heat and ddd 0.5 XBrO, in smali Portions. Digest 5 min.
and centrifuge Cb,0.. Vash precipitatc hot with 3 ml 6N HNO

25

3’
2 ml G'E NH&OH, and 5 ml 329.

2. Dissolve in 1-2 ml saturated HZCZO4 + 10 drops 6 N HCl. DMakc up
to 20 ml of 6N HCl, 0.05M H,SO,, afd add 10 ml CHCl,. Cool in
ice bath, add 2 ml fresh 6% cupferron and shake wel?. Extract
a sccond time with more CHCl, and cupferron. Wash CHCl, with

20 ml cold 6N HCl and 0.0QE SO3 containing more cupferron.

3. Boil with 10 ml concentroted HNO,, adding KBrO, until CHCl, is gonc,
solution is palc ycllow and Cbzo5 has precipitgted.

4. Tronsfer to lusteroid with dil. HNOS. Dissolve by adding 1 nl
concentrated HF, Add 2 ml 6N HNO,, 10 mg Zr, and 5 ml Héo. Add

)
50 mg Ba dropwisc and centrifuge EaZrFso

5. Add 6 ml concontrated NH,OH to supernatant (to pH 8-10). Centrifuge
Cb,0,, and wosh with 3 mi 61 NH,OH, 1 ml 6N HNO,, and 5 ml H,0. Uso
a Sccond wash to transfor precipitatc back to glass.

6+ Dissolve hot'in 2 ml saturated H,C,0, plus 10 drops 6N HNO,. Add
3 ml 1,0, 5 ml concentrated HNO,, héet, add 0.5 g KBrO, slowly,
digest 5 min., centrifuge. Stir precipitate up with 3 ml 6N HNO,,
2 ml 6N NH,OH, and 5 ml H,0, heat, filter, ignitc in a crucible

15 min. Weigh as Cb, 0 (§4,50 mg per 10 mg Cb).
Remarks: The extrn is supposcd to scparate Cb from Zr, Tc, & Mo.

. . The extrn scparation was substituted for heavy metal
sulfide scav.to rcmove Tc and Mo. The extrn procedurc can possibly be
combined with carrying of the Cb tracer on Mn0, pptd from 10 N HNO,
for a carrier frecc procedure,

7/29/49
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CHEMICAL SEPARATIONS

Element scparated: Molybdenum ' Procedure by: Gocckermann
Target material: 0 1 g Bi metal Time for septn: W 1 hr.
Typc of bbdt: 184" 21l particles Equipment required: Centrifuge,

tubes, icce, 110o oven

Yield: approx. 50-80%

Degrec of purification: Decontamination factor > 10% from fission and spal-
lation products.

Ldvantages: Good yicld of pure Mo
Procedurc:

1. 4dd 10 mg Mo ond concentrated HCl to aliquot of ENO, soln of target,
destroy HNO,. Make up to 5 ml 6N HCl, add onc drop Br2 water,
extroct twice with 15 ml cther. Combine cther layers and wash
twice with 2 ml 6N HCl. Ewaporate ether over 5 ml HZO'

2. Boil out cther, dilute to 20 ml, add 5 mg Fe'° and precipitate with
NEg.

3. Add 6 ml concontrated HNO, and 1 ml saturated H,C,0, to supernatant,
cool, add 5 ml 2% solution of a~benzoin oxime in dlcohol, digest
2 min., add acrosol and centrifuge 5 min. (If the Mo oxime does
not scttle well, dilute the solution with CZHSOH)’ Wesh twice with
20 ml 1N HNO

3. ] .

4e 4dd 2 ml conccntrated HNO, ond 1 ml concontrated HCl0, and boil
carefully to fuming. Coo?, dilute to 15 ml with HZO,‘add 5 mg Fe

and precipitate with NH,. ' . '

5. 4dd 1 drop methyl orange to supernatant and make just acid with 6N
H,S0,. Buffer with 1 ml 10% CH,COONa, boil, add 10 drops 1M AgNO,,
cool “slowly with stirring, filt€r, wash five times with 50m1 0.03
M AgWO,, threc times with 5 ml C,H.OH, dry 15 min. at 110" C.

— ’
Wbigh.gs AgszO4_(59.16 mg per 18 gg Mo).

+3

Remarks: lIbre cycles of cther oxtraction and oxime precipitation may be
- added if needed for purity. ‘Mo oxime can be dissolved completely by
6N NaOH & ropptd by acidifying & adding morc a-benzoin oxime.
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CHEMICAL SEFARATIONS

Element scparated: IMolybdenum Procedurc by: Lippmann and
‘ T Gocckormonn
Targot material: Au foil, about 1 g Time for sep'n: 2 hr,
Yicld: 65% Equipment required: Yco bath

and hot water bath.

Degree of purlf catlgn. Good ~ about 105 from &u and spallation products
and at least 10° from flSSlon products.

Advantages: Sr, Ba and Mo can all be separated from the samc target material.

Procodurc: Dissolve target in hot solution containing 10 mg cach of Sr,
Ba, and Mo, 5 ml of 12 ] HC1 and 5 ml of fuming HNO,. Cool solution
in icc bath and slowly add about 30 ml fuming HNO,. Sr(N03)2 and
Ba(NOS)z precipitate. Centrifuge. . _

Heat suparnatent from precipitation of Sr(NO ) and Ba(NO ), in water
bath to destroy HCl. Cool in icc bath and s?owly add K FO(BN) solution
until no further precipitate appears. Centrifuge. dhs% preclpltate
with 10 ml of 6 M HNO, containing a fow drops of K,Fec(CN), solution and
contrifuge again, DiSsolve precipitate in 10 ml o% 6 MH 81 with hoating,
dilute to 30 ml with alcohol, cool in ice bath, and add 5 ml of 2% ‘
solution of a-benzoinoximo in alcohol. Centrifuge. Wash precipitate
with 10 ml alcohol and centrifuge again. Dissolve precipitate by

slowly adding 4 ml of 16 M HNO,, heating gently in hot water bath when
roaction slows down. When all®of precipitate has dissolved add 1 ml
concentrated HC1l0, and heat cautiously over a flame until thick, white
fumes have &&TO o%f for scveral minutes. Dilute to 15 ml with H,O,

add 5 mg Fe™~°, warm in water bath, precipitate Fc(OH)3 with 15 }f NH, OH-
and centrifuge. To the supcrnatent add a drop of methyl orango, “mké
just acid with 6 M buffer with 1 ml of 1 M NaCZH 0,, heat to
boiling, add 10 drops o% 1 M.Aghos, digest in hot watlr“bdth, cool,
filter, wash five times with 5 ml of H,0 containing & few drops of
AgNO,, five times with 5 ml alcohol, dry 15 mlnutcs at 110°C. Weigh

as AgRbO

Remarks:

In ordor to destroy tho Mo a-benzoinoxime the solution must be heated
until white fumes havé boiled off for several minutes. If all of the
a~benzoin oxime 1is not destroyed, Mo a~benzoin oxime will GCrCGlpltauO
when tho solution is made basic.

All additions of fuming or concentrated HNO should be made cautlously-
they tend to react v1olently after a short induction period.

N

8/12/49
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CHEMICAL SEPARAT IONS

Element separated: lbolybdenum Procedure by: Newton
Target material: Thorium metal (.1-1 gm) Time for septn: ™~ 3 hrs.
‘Type of bbdt: 60" als Equipment required: Standard

Yield: ~ 60%

Dégree of purification: n/ 105--10'6

Advantages: The Th metal is dissolved in cono HCl + a'.few drops :2 M solution
(VH, ) SiF, to clear up black residue. The HCL is diluted to 2 N and
an él?ﬁquo% talen.

(1) Add 10 mg lb to sample in HCl. Add Br, to oxidize Mo. DMke
6 N HCl. Extract three times with dou%le volume ether. Combine
ether layers. 1ash twice with 2 ml 6 N HCl., Evavorats ether
over water. (lMay repeat Et,0 extraction after Fe (IOH)3 scavenginge

(2) To evaporated solutionadd 5 ml 6 N HNO,, 1 ml sat HZC 04;- (complex,v'
Cb), ppt by stirring with 5 ml 2% T-benzdin oxime. (pp%s Mo, Chb
& Pd). Let stand 2 min., wash with 20 ml 1 § HNO,

(3) Add 2 ml conc HNO, & 1 m} 70% HC10,. Heat %o fuming, cool, add
20 ml H,0. Add 5mg Fe'° & 2 ml cono NH,OHs To supernate add
6 ml colic HNO, & re-ppt with 5 ml o-b-o, wash. Repeat pptn of,
Fe for higher purity.

- (4) Dissolve in 2 ml conc HNO, & 1 ml 70% HC10, & heat to fuming.
Dilute to 30 ml, add 1 drop methyl orange, make just alkaline
with 0.5 to 1 ml 6 N NH,OH. DMake just acid with 6 N H,S0,. Buffer
with 2 ml 10% NaAc,"boﬁ, add-0.5 ml 1 M AgNO,. Cool with stirrings
Filter, wash 7 times with 5 gl 0.031AgNO, , three times with 5 ml
95% EtOH., Dry 15 min at 110 . Cool in gesiccator. Weigh as AgZMo04.

Remarks: This method has been previ'ously described in (Phys. Rev. 75 17 (1949)).

Mo oxime can be dissolved completely by NaOH (6N) and repptd by adding
acid and more a~b-o. :

Stock solution of carrier - 18.4 g (NH, )g ¥0,0,,+4H,0 in 1 1litor H,O

24
To standardize carrier: Put 5 ml carrier in 250 ml beaker, Add 150 ml

Hzo,methyl. orpnge, several drops 6 N NH4OH to alkaline, just acid with

6 _BIH 804. Add 1 gm Nelc, Dboil, add 2.5 ml 1 N AgNO,, stir. Cool slowly

o258 C* Filter on tared sintered glass filter. WasSh and weigh as

mentioned befora. ‘ : ,

10 mg Mo = 39.15 mg Ag,MoQ, (M.iT. 375.71)

8/28/49
P-~18-288



42-4

CHEMICAL SEPARATIONS

Element separated: Iblybdenum Procedure by: Folger

Target material: V4 g U metal Time for sep'n:~N 2 hrs.

Type of bbdt: 184" all high energy particles Equipment required:
' _ wide-mouth cylindrical sep.
Yield: Approx. 50-80% ‘ funnels, stirring motor
: : and glass stirring rods,
ice bath, centrifuge and
cones

Degree of purification:w 104 from all F.P. activities
Adventages: Gives pure lb in good yield

Procedure: To aliquot of sample in solution:

(1) Add 10 mg Mo and concentrated HCl, destroy HNO,. Meke up to 5 ml
6 N dCl, add one drop Br, water, extract twice with 15 ml ether
alTowing rv 5 min equilibration. Combine ether layers and wash
twice with 2 ml' 6 N HCl. Evaporate ether over 5 ml H,0.

(2) Boil out ether, dilute to 10 ml, add 2 mg Fe+3 and 2 mg Cb(as
oxslate) and precipitate with N, .

(3) IBke supcrnatant 0.5 N in HCl and add 1 ml saturated H,C,0,, cool.
Add 3 ml 2% solution of a~benzoin oxime in alcohol, digeSt 2 min.
in ice hzth, add aerosol aud cen’srifuge 5 min. (If the Mo oxime
dces not settle well, dilute the soiution with CZHSOH)' Wash
twice with ~ 2 ml 0.5 N H2804. .

(4) Add 2 ml concentrated HNO, and 1 ml concentrated HC10, and boil
cargfully to fming. Conl, dilute to 10 ml with Hzo, add 2 mg
Fe'°, and precipitate with 6 N NaCH.

(5) Repeat (3) by making 0.5 N in HyS0, instead of HCl, Repeat (4).
(6) - Add 1 drop methyl orange to supernatant and make just acid with
6 X H SO4o Buffer -with 1 ml 10% CH,COONa, boil, add 10 drops 1 M
Apid.,5 cficl siowly wita shirring, filtsr, wesh five times with
5 TE;.JOoOS MAZNC,, ®hres times wiith 5 ml S,H.CH, dry 15 min. at
1167 C. Weigh a8 Ag,i00, (%9.16 mg per 10"mz o).

Remarks:

' (1) More cycles of esther 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 end adding a-b-o.

(3) Continued fuming with conc HNO, and conc HC1l0, will ppt a form of
molybdic acid which can be dissolved readily in 6 N NaOH.

8/12/49
P{l -161



CHEMICAL SEPAR.TIONS

Elcmont scparated: Ruthenium Proccdurc by: Gocckermonn
Target matorial: M1 g Bi metal Time for scp'n: ¢,»2 hr.

L2 o | -
Type of bbdt: 184" all pdrticlés ' Equipment rcquired: Distile

ling flask, ice, centrifugo,
tubcs, 110" oven

Yield: approx. 60%

Degrce of purification: Decontomination factor > 104 from fission and spal-
lation products.

Advantages: Foir yicld of pure Ru
Proccdure:

1. Add 10 mg Ru and Os to aliguot of HNO, soln of target, boil 6N
ENO, solution to volatilizc 0sO,. Trinsfor to glass still, add
10 mg I", 0.5 5 MaBiO_, 1 ml coficentrated H.PO,, and 10 pl 70% HC10
Boil in air stroam,wi%hout bumping and distill over Ru0, into
12 ml 6N NaOH in an ice bath. Distill until 1-2 ml of ﬁClO4 have

distilled (2-3 min. after fuming berins ).

4.

2. To distillate, add 3 ml C2H OH and boil 1-2 min. until Ru oxide is
coagulateds Wash with 10 m? HZO and 1 ml 6N NaOH and boil.

3. Distill Ru0, again, if nocossary, and reprecipitate oxide.

4. Dissolve precipitate in 2 ml hot 6N HCl and dilutc to 12 ml. Add-
V1 0.2 g Mg chips or coarsc powder slowly (add acrosol) until
solution passcs through bluc stage and Ru  appears. Boil gently
until coagulated. Add 5 ml concentrated HC1 to remove excess
Mg and boil, filter, wash threc times with 5 ml hot H,0, thrco
times with 5 ml C HSOH,Othrco times with 5 ml cthoer, ary 10 min.

ot 110° ¢ Weigh“ag Ru®.

| Rcmark§: Some Ru may be lost from boiling a cone. HNO, soln. Os & Te do
not ppt with thc EtOH., The NaBiO, converts I to lodate to prevent
volatilization. The H3P04 provcn%s volatilization of small amounts
of lMo. : '

7/29/49
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CHEMICAL SEPARATIONS

Element scparated: " Ruthenium ‘ Proccdurc by: Folger & Hicks
Also by Wolfc
Target material:~v 4 go U metal Time for sep'n: ~, 1 1/2 -2 hr.

Type of bbdt: 184" all high cnergy particles Equipment roquired:
‘ "Ruthenium still" (all glass)

Yicld: approx. 60% ' ‘
Degree of purifieation: mu 104,from all F.P. activities.
Advantages: Fairly rapid, simplc'proocdurc for obteoining a good yicld of Ru.

Procecdure ;

(1) Add 10 mg Ru and Os, boil 6 N HNO; solution to volatilize 0s0,.

" Transfor to glass still, add 10 mg I~, 0.5 g NaBi0,, 5 mg Mo Bold-
back, 1 ml concentrated H PO, ,and 10mL70% HC10,. Boil in air
stream without bumping ané distill over Ru0, into 12 ml 6N NaOH
in an icc bath. Distill until 3-4 ml of HC%O4 have distiTlod
(5 min. after fuming begins).,

(2) To distillate, add 3 ml C_H_OH and boil 1-2 min. until Ru oxide
is coagulated., Wash with 10 ml HZO and 1 ml 6 ¥ NoOH ond boil.
(leaves Tc behind).

(3) Distill RuO4 again, if necessary; and reprecipitate oxide.

(4) Dissolve precipitate in 2 ml hot 6 N HCl and dilutc to 12 ml.
(Toke aliquot for counting herc if desired). Adda, 0.2 g Ig
chips or coarsc powder slowly (add acrosol) until solution passcs
through bluc stoge and Ru appears. Boil gently until cocgulatod.
Add 5 ml concontrated HCl to rcmove oxecess Mg and boil, filter,
wash three timcs with 5 ml hot H, 0, threcc times with 5 ml C.H-OH

three times with 5 ml other, dry 10 min. at 110° ¢. Woigh assRud.

8/16/49
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CHEMICAL SEPARATIONS

Element separated: Ruthenium ’ Procedure by: Lindner
Térgetlmaterial: Sbh (~se5 gm metal) : Tiﬁe for sep'n: - ~J2 hr.
Type of bbdt: 184" D, & @ Equipment required: "Ru still"
' Lusteroid tubes, centrifuge,
cones.

Yield: 50% or greater
Degree of purification: At least factor of 100
Procedurc:

(1) To dissolve thc Sb metal, add 15 drops.of 27 N HF to it in a
: lusteroid tube in a hot water bath. 4dd conc'-'HENQ3 dropwise
“until dissolved (~~s 10 min,) Dilute to ~ 20 ml,.

(2) To the SbF,” solution add 20 mg each of Te, Sn, In, Cd, Ag, P4,
Ru, Mo and'Y carriers as soluble salts. - Add 2 drops conc. HCl.
Contrifuge the YF3 and AgCl ppts. : : -

(3) To half of the supn add 5 ml of 1% dimethyl glyoxime in aloohol.
Contrifuge. : '

(4) Place the supn on an ice bath, add 5 ml 27 4 benzoin oxime ard
digest 2 min. Centrifuge. '

(5) Evaporate sup'n to near-dryness on hot plate. Add 10 ml H,0, 2 ml
conc. H,80, and evap to fuming for 20 min. ,

(6) - Transfer to "Ru distilling flask", add 5 ml 70% HClO4.
fuming for 10 min, catching distillate in 5 ml 6 N NaOH.

Boil %o

(7) Add 2 ml EtOH %o the Ru0, in NaOH, boil and centrifuge.

4
(8) Dissolve the RuO, ppt in a minimum 6 N HCL.

(9) Add 5 ml 70% HC1O,. Repeat steps 6-8.

4.

(10) Add 0.2 nm Mg powder %to aliquot of the 't soltn slowly: Boil
gently to coagulate Ru. '

(11) Add 5 ml conc HCl to dissolve excess Mg and boil.

(12) Plate the Ru metal and count.

8/18/49
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CHEMICAL SEPARATIONS

FElement separated: Ruthenium Procedure by: Newton
Target matcrial: Thorium metal (.1-1 gm) Time for sep'ne 1 hr.
Type of bbdt: 60" alphas Equipment required:

"Ruthenium still"

Yield: nJ 10°

Procedure: The Th metal is dissolved in conc HC1 plus a few drops of .2 M
(NH.)ZSiF to cloar up the black residue. The HC1 is diluted to 2 N
end an aliquot takeon.

(1) Placc aliguot in a distilling flask, add 20 mg Ru carrier,

10 mg T carrier, 0.5 gm NaBiO,, 1 ml 857 H PO, and 10 ml 70%
HC10,. Heat gently to boiling and distill ﬁuthonium rapidly,
(avoid bumping) into 12 ml of 6 ¥ NaOH in a 50 ml centrifuge
tube in an icc bath. Distill +ill 1-2 ml of HC10, have dis-

tilled (1-2 min after fuming begins). ‘

(2) To distillate add 5 ml E40H. Hoat gently to boiling by swirling
over a flamo and centrifuge. Suspend pptd Ru in 10 ml H,0
containing 1 ml of 6 M NaOH. Heat to boiling and centrifuge.

(3) Dissolve ppt by heating to boiling in 2 ml 6 M HCl. Add 10 ml
H,O0. Add 0.2 gm Mg powder in small portions, shaking with each
addition. Add a few drops 0.1% aerosol to minimize frothing.

Boil gently until Ru® in well coangulated. Continuc boiling 2 min.
Slowly add 5 ml of 12 M HCl to remove cxcess magnesium and again
boil 2 min. T

(4) Filter by suction on a weighed filter paper in a small Hirsch
funnel. Wash three times with 5 ml hot H,O0, thrce times with
5 ml 959 EtOH, and three times with 5 ml t20. Dry 10 min. at
110°. Weigh as Ru°.

"Remarks:

Preparation of Carrier Solution: Dissolve 28 gms commercial
ruthenium chloridc‘(RuCISRu014,x Hzo) in water and dilube to 1 liter.

Standardization: Toke 5 ml carrier in 250 ml crlcnmoyer. Add 25 ml

H, 0, 2 ml conc. HECl. Add 0.4 gms powdered magnesium metal in small
portions, shaking after cach addition. 4dd o few drops 0.,1% aerosol

sol to prevent frothing and boil gently $ill the ruthenium is coagulated
and the supernate clear and ocolorless, Continue to boil 2 min. Add

10 ml 12 N HC1l to remove oxcoss lig and boil 2 min., (4dd morc Mg if
supernate not clear). Filter, wash threo times with hot H,0, threo
times with 5 ml portions EtOH, throe times with Etzo. Dry at 110

and weigh as Ru mctal.

This method has beon doscribed proviously (Phys. Rev. 75 17 (1949)).

| P=18-256
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| 19/38 ST ~————J>\& | Li/”///

23 cm . .' : ‘ '
30 cm

50 ml flask
‘ t
Ruthenium Still

N
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CHEMICAL SEPARATIONS

Element scparated: Rhodium Procedurc by: Volfe
Target material: Uranium metal (v 1 gm) Time for sop'm: ~ 1 1/2 days
. when sceparated with
Pt ond Ir.
Type of bbdt: 388 Mov alphas Equipment required: Speeial

distilling flask, ccntrifuge,
scp fumnels, Lusteroid
tubcs, standard.

YliC ld: 1 70 .
Degree of purificntion: 104 from fission products (None from Ir)
Procecdurc:

(1) Cut out the contrﬂl portion of the tergot and b011 with conc HC1
to dissolve it and %o oxpel Ge.

(2) Add 5 mg I and 10, and boil the solution again to cxpel iodinc.

3
(3) Add 20 mg Os, Ir, Pt, and Au carriers plus 20 mg Ba, Ru, Rh, and
Pd carriers. Withdraw o 20% aliquot for determinntions of Ba,‘
- Ru and Rh.

(4) To the 20% aliquot add HNO,,5 mg Ru carricr and 5 mg I~ and I0, s
B 0il the solution to cxpel Os and I. (CAUTION: 0s0,. very poisonous. )

(5) Place the solution in a specicl all-glass distilling flask like
* that uscd for the osmium distillation. Add 0.5 gm NaBiO,, 1 ml
conc H,PO,, and 10 ml 70% HC10,. Boil in an air stroam Wwithout
bumping and distill over Ru0, into 12 ml 6 N NaOH in an icc bath.
Distill until 1-2 ml of HClO haveo dlstlllcd (2-3 min after fuming
begins.) Sce (44—2) .

(6) The residuc from this Ru dlstlllqtlon is fumed strongly with tho
HClO .

J

(7) Cool the solution, dilutc to 4 N and add 20 ml pyridinc.

(8) Boil.the solutlon for five mlnutvs, place in o soparatory Punnol,
_ond add 19 N NaCH to scparate the frece-base pyridine layer (th
high conc of NaOH is mercly to kocp the volume low.)

S

(9) Wash the dark bluc pyridinc layer three timos with cqual volumes of -
. dilutc HC1l, separating thc layers cach tim with 6 N NaOH.

(10) Add a fow drops of 6 N NaOH to the pyridine layer and cvaporate
the pyridine offe. :

(11) Pass H,S into .th¢ boiling alkalinc solution for scveral minutos,
while %ho solution is acidificd dropwisc with HCl. Sulfides of
Rh and Ir ppt.

P-18-183
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(12) Dissolve thc ppt in o little nqua rogine. Add 5 mg of Au, P,
and Pd ecarriers. )

(13) Mke soln 4 g_in HCl and cxtract twiec with cquanl volumes of
-+ hutyl ccotate to deccontaminate from Hg and Au, ‘

T (14) Dilutc the solution to about 0.5 N in H', add 5 ml dimethyl-glyoximo
: solution (1% in alcohol) and filter off the Pd ppt.

{16) Fumc thc rcmining solutionw ith H,S0,, dilute, noutralizo to the
brom ecrcesol purple cnd poirt, and add BrO3 to ppt the hydrated
oxidcs of Rh and Ir, loaving Pt in solution.

(16) Dissolve the oxides in conc HCl and dilutc to known.volumo.

(17) 4An aliquot of proper size to give about 5000 ¢/m is withdrawn
and a known amount of Rh carricr is added %o it.

(18) Fumo with H,S0,, dilute twenty to onc, boil and ppt Rh metal by
adding TiCl3 dropwisc until a very slight excess is prescnt.

(19) Platc this Rh metnl and count.

Remorless s

In uranium bombardments the activity3in step 16 is duc almost cntirely
to Rh, the activity of Ir being about 10°° that of Rh'-~= cven though no
scparation has beon mnde from Ire. In some other bomboarding arrangoment where
the activitics of Ir and Rh ar¢ more closcly cqual, Ir could be scparated
from the Rh by & proocdurc similar to the last part of (77-3).

Rh, Ir and Pt should be sopdratcd from onc bombardment lcaving Os, Ru,
and Pd for o sccond bombardment unlcss scveral pcople arc cooperating on
the prodcdurc.

For othcr platinﬁm metcl -~ fission product scparations sce:
Platinum: 78-3
Osmiums: 76-1

Ruthcnium 44-2

Pnlledium 46-5
Iridium 77-8

8/16 /49
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CHEMICAL SEPARATIONS

Elcment separated: Palladluq ' Proccdurc by: Gocckermann
Target material: &A 1 g Bi metal | Time for scp'n:JYN 2 hrs.
Type of bbdt: 184" all particles Equipment requlrod Centrifuge,

tubes, 110 oven
Yiold: ¢/ 60%

Degree of purification: Decontamination factor ) lO4 from fission and
“spallation products. .

Advantages: Fair yicld of purc Pd

Procedurc:

1, To aliquot of HNO, soln of target add 10 mg Pd z,makc up to 20 ml
0.5N HC1l, add 5 m% dimethyl-glyoxime solution (1/ in alcohol)

Vash with dilute HCl.

2. Dissolve prcclpzt%tc inl ml concentrated HNOS, dlluto w1th 10 ml
H,0, add § mg Fe'° and moko basic with NH, .

3. Lidd 10 mg Ag to supcrnatant and cnough I° to precipitate all the
- Ag. Repoat Agl scovenging.

~ 4. Mke supcrnatant 0.5 N in HC1 and ccntrlfugc out any 4gCl. iAdd
‘ 5 ml dimethylglyoximc. Wash.

5. Ropecat purification cyclo'if nceded for hi”hcr purity.

6. Filter last Pd dlmothyl lyox1mc, wash with HZO and C H OH, dry

: 10 min. at 110° ¢. Weigh as Pd dimethylglyoxime (20 70 mg per
10 mg Pd)o. ' .

Remarks: Zr and Ag are the principle contaminants of thc~dimcthyl-glyoximc
ppt. ! -

7/29/49
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CHEMICAL STIPARATIONS

Elcment separated:  pgljedium Proccdurc by: Folger & Hicks
Target material:~ 4 g. U metal Timo for sep'n: ~s2 hr.

Type of bbdt: 184" all high cnergy marticles  Equipmont required: Centrifuge,
conos, vac, filter

Yicld: ~ 60%

Degroc of purification: mlO4 from o1l F.P. activitics.
Advantages: Good yield purc Pd.-
Procedurc:

(1) 4dd 10 mg Pa*% and 10 mg Wi, make 0.4 N in HNO, or HCl, add 3-5 ml
dimcthyl-glyoxime solution (1% in alcohol). Wgsh with dilutec
HCl or HNO3 (O.Z.Q )

(2) Dissolve prccipi}gtc in 1 ml concontratecd HNO,, dilubtc with &5 ml
H, 0, add 2 mg Fe ~ and make basic with NHS' Eontrifugc and repeat

Fg(OH)5 SCaVCNEC e

(3) Add 10 mg Ag to supernatant and cnough I~ +to prceipitate all the
Ag, Contrifuge and rcepeat Agl scavenging. o

(4) irke supcrnatont 0.4 N in HCl and centrifuge out any 4gCl. Add
: 3-5 ml dimcthylglyoxime., Wash. '

(5) Repeat purification eyclo (steps 2,3,4) if nceded for highor
purity. : ' .

(6) Filter last Pdodimothylglyoximc, wash with H,0 and C,H.OH, dry
10 -min, at 110° C. Wecigh as Pd dimethylglyoximo (20970 mg per
10 mg Pd).
Romarks:
Pd-d-m-g is quitc bulky and may not contrifuge. In such casc, filtor

with suction. The ppt may be dissolved by adding conc HNO5 and catching the
solution which runs through the filter,

8/16/49
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CHEMICAL SEPATATIONS

‘Elemont separated: Palladium Procedure by: Lindner

Target material: Sb (~s 5 gm metal) . Time for sep'm: ~ 1 hr.

Type of bbdt: 184" D2 & o " Equipment required:

. : Lusteroid tubes, centrifuge,
cones. '

Yield: Greater than 50%
Degree of purification: Factor of at least 100
Procedure:

(1) To dissolve the Sb metal, add 15 drops of 27 N HF to it in a
lusteroid tube in & hot water bath. Add conc"'HNO3 dropwise until
dissolved (~ 10 min.) Dilute to ~s 20 ml, )

(2) To the SbF, solution add 20 mg each of Te, Sn, In, Cd, Ag,

Pd, Ru, Mo & Y carriers as soluble salts. Add 2 drops conc. HCl. -
Centrifuge the YFS and AgCl ppbs. :

(3) To half of the supn add 5 ml of 1% dimethyl glyoxime in alcohols. -
Centrifuge. :

- (4) Wash the Pd "DMG" ppt with water and dissolve in aqua regisa.
Evaporate to dryness. Add 10'ml 2 N HCl. Add 1 mg Sb, Sn, In.
and Cd holdback carriers and 5 ml 1% "DMG" reagent in alcohol.

(58) Repeat (4) twice (do three times altogether).
(6) Wash the ppt with water and then alcohol.

(7) Plate the Pd "DIG" ppt.

8/18/49.
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CHEMICAL SEPARATIONS

Element separated: Palladium Procedure by: Newton
Target material: Thorium metal (.1-1 gm) Time for sep'n: v 1 hr.
Type of bbdt: 60" a's : ' BEquipment required: Standard

Yield: rs 80%
Degreec of purification: ™ 10° except from Ag’ .

Procedure: The Th metal is dissolved in conc. HCl + a few drops .2 M solution
(NH, ),,SiF, to clear up black residue., The HC1 is diluted to 2 N
and an-aliquot taken. =

(1) To sample a?§)2o mg pa" . 1p sample in HCl, must add HNO, to
_ < as ' 3
oxidize Pd.

- (2) Dlssolvg ppt in 1 ml conc HMo,, cool, dil with 10 ml H,9, gdd
5 mg Fe _, make basic with excess NH OH. Add 10 mg Ag  and
enough I~ to ppt Ag. Centrlfuge and repeat scavenglng.

(3) DMake O. 4 ¥ in HCl and centrlfuge out any AgCl. To supernate add
- 3-5 ml dlmcthyl glyoxime, wash.

(4) Repeat purification cycle in 2 & 3 for further purity.

(5) Wash dimethyl glyoxime ppt w:th H,0 and EtOH. Dry 10 min at
©110°, Weigh. o

Remarks: 2r and Ag+ are principal contominants,
10 mg Pd = 51.6 mg PACN,O,H,

(1) The Pd is in Th as colloidal metal. Is not oxidized to Pa’" by
HC1 and does not exchange with carrier. . .

This method has been described previously (Phys. Rev. 75 17 (1949)).

8/%3/49
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46-5

CHEMICAL SEPARATIONS

Element separated: Palladium Procedurc by: Wolfe
Target material: Uronium (metal) Timo for sep'n: ~v1 day when

separatod with Os and Ru

Type of bbdt: 388 Mev a's Equipment requircd: Special

Yiold:

distilling flask, centrifuge,
scep funnel, Lusteroid tube,
© standard '

e~ 50%

Degree of purification: lO3 from fission products

Proccdurc:

(1)

(2)
(3)

(4)

(5)

(6)

(7)

(8)

(9)
(10)

(1)

P~18=246

Cut out the central portion of the target and boil with concentrated
HC1 to dissolwe it and to cxpel Ge.

4dd 5 mg I and 103’ ond boil the solution again to expel iodine.

Add 20 mg Os, Ir, Pt and Lu carriers plus 20 mg Ba, Ru, Fh and Pd
carricrs. Vithdrow o 20% oliquot for later determinations of Ba,
Ru, and Rh. -

Place the remining solution in o spocial all-glass distilling flask
having a thistle tube ontry cnd an air ontry. Add concentrated

HNO, through the thistle tubc, and distill OsO4 into 6 N NMaOH in

an Icc bath. (RPave for Os determination). -

Place the residue from the Os distillation in a beakér; add 10 ml
70% HC104 ond boil the solution to fumes of HCIO4 to oxpel Ru.

Dilute the solﬁtion, add 5 mg morce Ru carrier, and 5 mg more I~ cnd
IOS- and repeat the fuming.

Add onc ml dilute HC1l, dilutec the solution to 4 N .and cxtract twicc
with equal volume butyl acctate to decontaminate 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 palladium ppt.

Dissolve ppt in HNOSadilutq to 0.5 N in H+, and. roppt the Pd dmg.

Dissolve ppt in HNO,, add 2 mg In*** carrior and ppt thce hydroxide

by adding NH@OH.V Dissolve ppt in HI\TO3 and ppt hydroxide twice more.

Add 10 mg Ag® to supn and enough C1” to ppt all the Ag. Contrifuge
and repeat 4gCl scovonges twicc. Centrifuge off all AgCl.



- (12)

(13).

Remarks:

46-5 (page 2)

Dilute supn %o known volume, transfoer to o plastic lusteroid _
container (to provent adsorption of fg daughter activity on glass
walls) and wrap in parafilm to prevent cveporation. ‘

Allow the soln to stanflgor 12-16 hours until tho 3.2 hr Agllz
daughtcr of 21 hour Pd has grown into equilibrium. Thoreaftcrll
at interwvals of cbout a day, known aliquots arc "milked" ofathe bg
doughter by AgCl pptns in order %o detcrmine deceay of PA™7

0s, Ru and Pd can be taken from one bombardment leaving Ra, Ir

and Pt for a sccond bombardmont unless scveral people arc cooperating
on the procedurc. '

For other platinum motal - fission product scparations seo:

8/17/49
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47-1

CHEMICAL SEPARAT IONS

Elcment separated: §i£ig£ ' Proccdure by: Folger & Hicks
Target material: v 4 go U metal foil Time for scp'n: WwAZ hr.
Type of bbdt: 184" all high cnergy particles Equipment required: Centri-

fuge, .cones, microburncr,
110" oven

Yield: (A 80%

Degree of purificatiOn:.>103 from all F.'P. activities

-Advantages: Relatively simple procedure giving good separation in high yicid.-
. Proccdurc:

(1) Dissolve target in> 10 N HNO
E.HNos.

*
3" . Take aliquot and dilute to wvn 5-6

(2) Add acrosol and precipitate AgCl with 1 ml 0.5 N HC1. ™ Vash
precip g N
twice with 10 ml 1 N HNO, containing 1 drop 2 N HOL.

(8) Dissolve AgCl in 2 ml 6N ¥H,OH, dilute to 10 ml, and add 2 mg Fo+3
Centrifuge Fc(OH)3 ond repeat scavonge (may be done in same tube.)

(4) Scturate -supernatant with H,S in the cold, wash Agés.

.(5) Dissolve Ag,$ in 2 ml concontrated HNO, ,boil, dilute to approx.
4 N (8 ml) and precipitate AgCl with 1°ml 0.5 N HCl. Wash twice
with HNO3 containing 1 drop 2 N HCL.

(6) Repcat (3).
(7) 'choat (4).

(8) Dissolve Ag,S in 1 ml concentrated YO, ,boil to destroy or remove
all HZS dilutc to 6 ml, add 1 mg Fe ~,"and make basic with NHS‘

(9) Add aerosol, makec 2N in HNO,, add 2 drors 6 N HC1l and boil to
coagulate. Filter, wash th¥ce times with 5 ml 0.5 N HNO, three
times with 5§ ml C HSOH, dry 10 min., at 110° ¢. Yeigh as“AgCl
(13.28 ng per 10 mg Ag). :

Remarks:

* Lg carricr should be added to the container in which target is dissolved
in order to prevent loss of trace Ag by absorption in the glass. An
amount of carrier should be added so that the aliquot will contain
10-20 mg. '

%:Boiling tho solution over a microburner with stirring (being careful to
avoid loss by bumping over) causes rapid and complete coagulation of
AgC]. . :

In step 2 addition of a few drops Ba & Sr plus 2 drops 50% KZCOs will
"provide additional dccontomination from these elements.
7/28/49 P P~18-107



47-2

CHEMIC,AL SEPARATIONS

Element scparated: Silver _ Proccdurc by: Goockermonn
Target materical:¢/ 1 g Bi metal Time for scp'n: lp\z hrs.
Type of bbdt: 184" all particles Equipment recquired: Centri-

fuge, tubes, ice, 110° oven

Yicld: (R 80%

Degree of purification: Docontamination factor ) 10 from fission and
spallation products : N

~dvantages: Good yicld of purc g

Procedurcs
(1) To aliquot of HNO, soln of targcet add 10 mg Ag, acrosol, dilute
to 20 ml, and precipitato 4gCl with 1 ml 6N HCl. Wash with 10 ml
H,O. -
(2) Dissolve 4gCl in 2 ml SEJNH4OH, dilute to 10 pl, and cdd 5 ng F0+3
(3) Saturate supcrnatant with H,S in the 6old, wash 4g,Se
(4) Dissolve 4g,S in 1 ml concentrated HNO,, diluto to 20 ml, and
procipitatoAgCl with 1 ml 6N HCl. Wadh with H,0.
(5) Repeat (2).
(6) Repeat (3).
(7) Dlsgolvo Ag,S in 1 ml concentroted HNOS, dilutc to 10 ml, add 5 mg
Fe 7, and mdke basic with NH3
’ (8)' Add 5 drons 6N HCl to supcrnatant, add acrosol, make 1N in HNO,,
heat, filtcr, wash three t1n03'w1th 5 ml H,0, threcc times with
5 ml CH OH, dry 10 min. at 110° C. Weigh“as AgCl (13.28 mg por
10 mg ig .
Rcmarks Wilkinson suggcsted an ﬂlcétroly51s proccdure inVOIV1ng plating
ug on the cathode from 2-3 N HNO, and then transferring it to the

anode in a cyanidec bath -« this i§ good unless Pt, Au, Ir, or Os arc
present.

7/29/49

P-18~106



47-3

CHEMICAL SEPARATIONS

Element separated: Silver Procedure by: R. C. Lilly
Target material: Cd (separated isotopes) Time for sep'm: 30-40 minutes
Type of bbdt: Deuterons and protons - 60" Equipment required: beakers,

funnels, Hirsch funnel
Yield: ~v 90%

Degree of purification: good - at least factor of 100 from other activities
present.
N -

Advantages: Simplicity
Procedure:

(1) Dissolve the Cd target, weighing 10-15 mg, in o few milliliters
of conc. HNO, in a smnll beaker. When all of the material has
dissolved, eVaporate to dryness to drive off excess HNOS.

(2) Add 3 - 4 mg In and 3-4 mg. Ag os the nitrate sol'ns and
' dilute to ~ 10 ml with HZO‘

(3) Addl N KC1 dropwise until the Ag is completely ppt'd as AgCl.
Cocgulate the ppt by heating and filter -through a small 342
Whatman filter paper in a short-stemmed glass fumnel. (‘the filtrate
contoins the Cd and In fractions and is worked up separately as
described in the procedures for Cd and In from Cd targets, Nos.
48-3 ond 49-1.

(4) Wash . the AgCl ppt several times with 0,1 N HNO, 5 dlscordlng the
washes., Dissolve ppt throush paper with 6 ] ¥ NH OH, collecting
the soln in another small beaker.

(5) To scavange for In, add 2-3 mg Fe as ~5 ml of FeCl, soln, stirring
well during the addition. Coagulate the ppt by hea%ing, filter,
and discard it. '

(6) Re-acidify the filtrate with HNO, and add a few drops of 1 N HC1
to make sure that the AgCl is completely ppttd. Coagulate tThe
ppt by heating and filter through a 342 Whatmnn paper disc held
in a Gooch crucible or Hirsch funnel.

(7) Suck the sample as dry as possible and then poﬁr 1-2 ml acetone
through the paper to remove the residual H20. VYhen the paper
disc is dry, mount under tape,

Remarks: See Scott (Std. Metn. Chem. Anal.) for complete 1nform1t10n on
the ppt'n of AgCl,

8/17/49‘

P-18-216



47-4

CHEMICAL SEPARAT IONS

Element separated: Silver ' Procedure by: Lindner

Target material: Sb (~ .5 gm metal) ’ Time for sep'n: ~v1 hr.

Type of bbdt: 184" Dz'&-a Equipment required:
Lusteroid tubes, centrifuge,
cones

Yield: Equal or greater than 50%
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
lusteroid tube in a hot water bath. Add conc HNO5 dropwise
until dissolved (o 10 min). Dilute to .~ 20 ml.
(2) To the SbF,” solution add 20 mg each of Te, Sn, In, Cd, Ag,
Pd, Ru, Mo & Y carriers as soluble salts. Add 2 drops conc. ICls
Centrifuge the YF5 and AgCl ppts.
(3) Vash the ppt with 1 N HF.

(4) 'DlSSOlVG out the Ag* from the ppt by adding 1 ml conc. NH,OH.
Centrifuge.

- (5) Dilute the supn to 5 ml and add 2 mg Pttt carrier. Centrifuge
and discard the ppt of Fe(OH)3 ' )

~  (6) Add 1 mg each Sb, Sn, In and Cd carriers. Add 1 ml conc. HNO, and
1 drop conc. HCl. Centrifuge out the AgCl ppt.

(7) Add 1 ml conc. NH,OH to the prt and ropeat (8).

(8) £dd 2 ml 6 N NaOH to the AgCl ppt. Digest 10 minutes in hot
water bath. Dilubte to 10 ml & centrifuge.

(9) Wash the Agzo ppt with water and then dissolve in 1 drop conc.
HNO

(10) This solution can be plated or if chemlcal yield is to be determlned
' the Ag should be weighed as AgCl.

8/18 /49
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CHEMICAL SEPARATIONS

Element separated: Silver Procedure by: Newton

Target material: Thorium metal (.1-1 gm) Time for sep'™m: 1 hr
Type of bbdt: 60" ats - Equipment required: Standard,
tank HZS ‘

Yicld: nJ85%

Degree of purification: o 106 exéept from Pd

Procedurc-v Th metal dissolved in conc HCl1 + a few drops .2 M solution
(NH ) SiF_. to clear up black residue. The HC1 is dlluted to 2 N and

an allquo% twken.»

(1) Adé 20 mg Ag® to sample after diluting to 0.3 N HCl. Digest a
few min. Centrifuge AgCl ppt off and wash with 10 ml HéO.

(2) Diigolvc AgCl in2 ml 6 N NH,OH. Dilute to 10 ml and add 5 mg
Fe'," Centrifuge off Fe(0H),. 4dd more Fe and recentrifuge.
Saturatc supernate with HZS' Precipitate Agzs. Tlash AgySe

(3) Dissolve ppt in 1 ml conc HNO,. Dil to 10 ml,, Newtralize with
6 N NH4OH and add 1-2 ml excess. Add 5 mg Fe ~. Discard ppt.

(4) Repeat Ag,S and Fe(OH)5 pptns.
(5) To last Ag(NHS)A+ sol. add 5 drops 6 W HCl, aecrosol and 2 ml
6 N HNO,. Hedt and filter. TVash three times 5 ml H,0, three
times 5°ml 95% EtOH. Dry 10 min. at 110° and weigh &s AgCl.
Remarks: |
10 mg Ag' = 13.3 mg AgCl (MW, 143.34)
This method has been described previously (Phys. Rev. 75 17 (1949)).
Ag+ is adsorbed vory rapidly by glass in carricer freo solution. Dissolve

and treat+in quartz or lusteroid till carrier added, otherwisc most of
active Ag may be lost.

8/23/49
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48-1

CHEMICAL SEPARATIONS

Eloment soparated: Cadmium ' Proccdure by: Folger, Hicks,
) ' Miller ' :
Target material: vn 4 g. U metal foil Time for scp'n: 2-2.5 hr.

Type of bbdt: 184" all .particles

Yield: LA 707

Degroe of purification: >10° from all F.‘ P. activitics.
Procedure:

(1) Add 10 mg.Cd and Cu as indicator and make basic with NH,, centri-
fugc. Wash ppt with NH,OH and combinc washings. '

4
(2) Saturnte supornatant with H,S and contrifuge, wash.
(3) Dissolve precipitate in minimum qugggity gonc. HC1l and oevaporate.

Dissolve in 10 ml H,0, add 5 mg Fo' ", 1a""", and " ";aad M,
and centrifuge. Add more Fe end contrifuge on top of first.

(4) Pass H,S into supcrnatant and centrifugo. -

(56) Dissolve ppt in 3 ml conc. HNO3 and dilute to 8 ml. Add Ag+ and €1~
.and centrifuge. _

(6 Noeutralize supe rnatant with NH,, add onough solid KCN to complex Cu
3 € ‘
and pass in Hés. . : :

(7) Dissolve CdS in 2 ml 6N HCl, dilute to 6 ml, add 10 mg Pd+2, heat,
and saturatc with HZS’

3’
(9) To supcrnatant add cxcess NH,CH and saturate with HyS.

(8) Add sb*3 4o supernatant and scavenge with §b, S

(10) Dissolve CdS in a fow drops of HCl, cvaporatc to dryncss. Dissolve
'in 9 ml of a solution containing 3 ml 6 N Hic and 6 mil of 6 N NH, iAc.
Heat, add 2 ml 1.5 H (NH4)2HP0 , and digest hot for 15 min. ~Filtor,
wash with H,0, dry TO mifi. at 110° C. Weigh as CANH, PO, 4,0

(21.66 mg pcr 10 mg.Cd).

7/25/49‘
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48-2

CHEMICAL SEPLRATIONS

Element scparated: CadeHE, ' Proccdurc by: Gocckermann
‘Target materinl: /% 1 g Bi metal Timc for scpn: UN2 hrs.
Type of bbdt: 184" all particles ~ Equipmont rcquired: Centri-
fuge, tubes, H,S tanl,
. ) 2
Yicld: 1 70% 110° oven

Degree of purification: Decontanination factor 33104 from fission and
spallation products. -

Advantages: Good yicld of purc Cd

Proccdure:

(1)

(2)

(3)

(4)
(5)

(6)
(7)

(8)
(9)
(10)

7/29/49

P~18-103

To aliquot.of HNO, soln of target add 10 ng Cd and make basic
with NH,, contrifiige out Bl(O“)

Add 10 nl concentrated HC1 to supcrnatant and cvaporate to drynoss.
Teko up in 20 ml 0.2 N HCl and saturate with HBS° Wash CdS with
H S water. '

Dissolveg,CdS in 1 ml 6N HC1, boil out H_ S, dilutc to 10 ml, add

5 mg Fo  and 6N NH,OH droowisc until FG(OH), prccipitation begins.
Redissolve 1-2 E}ovs HCl, heat, add 4-5 drons 6N CHSCOONH s centri~
fuge out basic fcrric acetate precipitate.

Add 10-15 drops 6N HCl to supernatant and precipitete Cds.

Dissolve CdS in HC1 and oxpel 1, S, add scvercl mg In and precipitate
w1th NH3

Re-aecidify and precipitate CdS.

Dissolve CdS in 2 ml 6N HCl, dilutc to 10 ml, add 10 mg Pd+2, heat,
and saturatc with HZSf' :

2°3°

Add 5 mg Sb+3 to supernatant and scovenge with Sb,S
To supcrnatant add cxcess NH@OH and saturate with Hés.

Dissolve CdS in a fow drops of HCl, cxpcl H_ S, dilutc to 15 ml,
add 2 ml 3M HC1, boil, add 2 ml 1M (NH#)ZHPa » and digest hot
15 min. - Filter, wash with H, 0, dry 10°min. ut 110°C. Vicigh as

CANH,PO, *H,0 (21.66 mg por 16 mg 0a).



48~3

CHEMIC.L SEPRLRATIOIS

Element scparated: Cadmium | Procedurc by: R. C. Lilly

Terget material: Cd(scparated isotopes) Time for scpfn: 2-3 hours

Type of bbdt: Deutcrons and protons - 60" _‘Bquipment required: Beakers,

funnels, Hirsch funncl,
. separatory funnols, pH moter.

Yicld: ~ 20%

Dogrec of purification: good - at loast factor 100 from other activitios

prcsent.

Advantages: Gdod'separation

Procedurec:

P=18=215

(1)

(2)

(3)

(4)

(5)

(6)

(7)

Dissolve thc Cd target, weighing 10-15 mg, in a few milliliters
of cone HNO, in a 'small beaker. Whcn all of the material has
dissolved, ¢vaporate to dryness to drive off cxccss HN03.

Add 3 -~ 4 mg In and 3-4 mg JNg as tho nitrate sol'ns and dilute
to o~/ 10 ml with HéO.

4dd 1 N HC1 dropwisc until the Ag is completely ppt'd as 4gCl.
Coagulate the ppt by heating and filter through a small 342
Whatman filter paper in a short-stemmed glass funnel. The filtrote
contains the Cd and In fractions. (The AgCl ppt is worked up
separatcly as describod in the procedurc for “g from ¢d targets,
No. 47-3). <

Make the filtrate ammoniacal and add another 3-4 mg &g as the
nitratc sol'n. Acidify with HNO, and add a fow drops of 1 N ’
HC1 o insure completc ppt'n of RgCl. Coagulate the ppt by
heating, filtor on ﬂ42 pa por, and discard.

Adjust the pH of the filtrate to 3.5 with NH4OH and transfer
to a 50 ml scparatory funnel.

Extract the In by shaking with three portions of 0,02 M 8-hydroxy-
quinoline in CH_Cl, drawing tho organic laycrs off into a second.
separatory funnél after cach pass. Discard the fow drops of
mixced sol'n which remain in the s topcock after scparation of
laycers. . (The In is contained in this organic layor and is worked
up separately as described in the procedure for In from cd
targets, Nos 49-1).

444 3-4 mg In as the nitrate sol'n to the H,0 layer romaining in
the first fumncl. Repeat the extractions aS outlined in (6)

- above, but this time discard the thrco organic laycrs containing

the scavenger In.
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(8) Draw the H,O layer into a boaker, boil off recsidual CH,Cl, and
add NH OH %o ppt Cd as the 8-hydroxyquinolatec. Filter through
a #42 Mhatman paper disc held in o Gooch crucible or Hirsch
funnel. Suck the sample on the paper as dry as possible and then
complete the drying under a heat lamp before mounting under tape.

Romarks s

, ‘Sce Scott (Std. Meth. Chem. 4Ancl.) for completo information on the
ppttn of AgCl.

Sce Sandell (Colorimctric Determination of Troces of Metals) for further
information on the extraction of In with 8-hydroxyquinoline.

8/18/49

© P=18-235
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CHEMICAL SEPLRATIONS

Element separated: Cadmium Procedure by: Lindner
Target material: Sb(V.5 gm metal) Time for sep'n: ~ 2 hours

Type of bhdk: 184" a & D

Equipment required: Lusteroid
tubes, centrifuge, cones,
tank H S, SO

2

Yield: 50% or greater

Dogrec of purification: A4t least factor of 100.
Procedure:
(1) To the target add 15 drops 27 N EF in lusteroid tube in hot water’
bath. .4idd conc HNO drOPW1se untﬂl dissolved (10 min.) Dilute
3
to v/ 20 ml. .
20 ' - .
(2) Add/mg each Te, Sn, In, Cd, Ag, Pd, Ru, Mo, Y carriers as soluble
salts. Add 2 drops conc HCl. Centrifuge.
(3) Divide supn into two equal parts..
(4) Evapofate one part to near-dryness. Cool, add 20 ml 3N HC1.
(5) Boil the supn to expel §0,, add 5 ml H,0.
(6) Saturate hot with H,S until §b,8, pptn complete.
(7) Evaporate the supn to near dryness. Take up in 15 ml 1 N NaOH.
(8) Wash the Cd and In, hydroxide with very dilute NaOH, dlSSOlVG in
" HCl. Add 2 mg Sn = holdback.
(9) Repeat NaOH potn, dissolve and make to 15 ml in 2 N HCI1.
410) Add 5mg Sb T, 2 mg Te0,” and saturate with HS.
(11) Boil supn to cxpcl.st. Add excess NH,OH. Centrifuge.
(12) To tho supn containing the Cd (NH ) ' complex add 2 mg In" "7,

(13)
(14)
(15)V

P=18-217

Centrifuge off the In(OH) ppt.

Saturate sup'n with HyS.. Centrifuge'CdS ppt.

. Dissolve CdS in Hci.

Dllute an allquot of solution to 15 ml. pdq 11 ml 3 M KNH,C1l, 1 ml
1.5_M (NH, )z_HPO4 and Welgh the CdNH,PO,.H,0 ppt. formed. :
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CHEMICAL SEPARATIONS

Element separated: Cadmium _ Procedure by: Newton
Target material: Thorium metal (.1-1 gm) Time for sep'™m: 2 hrs.
Type of bbdt: 60" als '~ EBquipment roquired:

: Standard, tank HZS

Yield: ™~ 50%
Degree of purification: v 105 from fission products

Procedure: The metal dissolved in conc HCl + a few drops .2 M solution
(NH@)ZSiF to clear up black residue. The HCl is diluted to 2 N and
an &1iquot token. -

' (1) Add 10 mg cadmium carrier. Dilute to 0.2 N HCl, pass in H,S,
ppt CdS. Vash with H S water.

(2) Dissolve Cd§5in 1ml6 N HCl. Boil out H S. Dilutc to 10 ml.
Add 5 mg Fe o, 5 mg LoD, 5 mg In'°, nad fiH OH. Precipitate
Fe (0H),. Centrifuge. Add more Fe = and scavenge again, centri-

fuging“down on top of first.
(3) Pass H,S into supernate, ppt CdS.

(4) Dissolve CdS in 1 ml 6 ¥ HC1l, boil, dilute to 10 ml, hcat, add Ag s
© ppt AgCl, digest a few min., centrlfuge.'

(5) Add'NH@OH until alkeline,pass in H,S, ppt cds.

(6) Dissolve Cd in 2 ml 6 ¥ HC1l, Dil to 10 ml. Add 10 mg Pd+z heat
and saturate with H S, “ppt PAS. Repeat sulfide scavenging with
Smg Sbo

(7) To supemate add 2 ml 6 N NH,OH saturate H,S. Tpt €S,

(8) Dissolve CdS in a few drops HCl. Boil to expel H,S. Dilute
to 15 ml. Add 1.5 ml 3 M NH,C1l, boil, add 1.5m115M(NH)
HPO, and digest hot 15 minutis. Filter. Vash with H 0, dry
10 Hin. at 110°. Teigh as Cd(NH )PO, JH,0.

472
Remarks:
10 mg Cd = 21.63 mg CdNH4PO4.H20 (Mol¥oe = 243.45)

This method has been described previously (Phys. Rev. Zg 17 (1949)).
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CHEMICAL SEPARATIONS

Element separated: Indium- N *  Procedure by: R. C. Lilly
‘Target material: Cd (separated isctopes ) Time for sep'n: 2-3 hours
Type of bbdt: Deuterons and protons - 60" Equipment required:
. . Beakers, funnels, Hirsch
Yield: ~ ~ 90% : funnel, separatory funnels,
' pH meter

Degreé of purification: good - at least factor of 100 from other activities
present. :

Advantages: Good separation
Procedure:

(1) Dissolve the Cd target, weighing 10-15 mg, in a few milliliters
of conc HNO, in a small beaker. then all of the material has
dissolved, €vaporate to dryness to drive off excess HNO .

(2) Add 3-4 mg In and 3-4 mg Ag as the nitrate sol'ns and dilute
to A+ 10 ml with HZO'

(3) Add 1 N HC dropwise until the Ag is completely ppt'd as AgCl.
Coagulate the ppt by heating and filter through a small /42
¥hatman filter paper in a short-stemmed glass funnel. The filtrate
contains the Cd and In fractions. (The AgCl ppt is worked up
separate%y as described in the procedure for Ag from Cd targets,
No. 47-3).

(4) mke the filtrate ammoniacal and add another 3-4 mg Ag as the
- nitrate solfn. Acidify with HNO, and add a few drops of 1 N
HCl to insure complete ppt'n of ﬁgCl. Coagulate the ppt by
heating, filter on :42 paper, and discard.

(5) AdJust the pH of the filtrate to 3.5 with NH OH and transfer
to a 50 ml separatory funnel.

(6) Extract the In by shaking with three portions of 0.02 M 8-hydroxy-
gquinoline in CH,Cl, drawing the organic layers off into a second
separatory funncel after each pass. Discard the few drops of
mixed sol'n which remain in the stopcock after separation of
layers. (The In is contained in this organic layer. y

The Cd remnins in the H,O layer and is worked up separately as
described in the procedure for Cd from Cd targets, No. 48«3,

(7) Treat the organic layers in the second funnel with an equal
volume of pH 3. 5 HC1 solin to remove traces of Cd.

(8) Draw off the organic layer into a beaker, add dilute HC1 and boil
off the CH,Cl. Add NH,OE to ppt In as the 8-hydroxyquinolate
and filter %hrough a 42 Whatman paper disc held in a Gooch
orucible or Hirsch funnel. Suck the sample on the paper as dry

Pm18=214
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as pqssible.and then dry the disc carefully under a lamp and mount
under tape.

Remarks:

See Scott (Std. Meth. Chem. Anal.)} for complete informtion on the
pptin of AgCl.

See Sandell (Colorimetric Determination of Traces of Metals) for
further information on the extraction of In with 8-hydroxyquinoline.

8/18/49 = ﬁﬁ " "

P-18-213
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CHDIICAL SEPARATIONS

- Element separated: Indium Procedurs By: R. C. Lilly

Target material: Cd (separated isotopes) Time for sep'n: 10 minutes
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 Gooch crucible & holders

factor of 10 from other activities Glass fumnel & filter ring

Test tube

Advantages: 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. WO, in a 20 ml beaker. Add 2 mg Ag
and 2 mg In as the nitrate sol'ns. The total volume at this
point should be~s 5 ml.

Add a few drops of nﬁthyl orange énd neutralize with NH,OH until
the sol'n is slightly basic (yellow). Coagulate the pp% for a
few seconds on a preheated hot plate,

Filter the sample through a porcelain filter crucible into a 250 ml
filter flask, using suction. Wash the ppt with a small amount of
1% WH,NO, sol'n.

4773
Place the crucible containing the ppt on a rubber filter ring in
& 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 HNOE and suck it through the filter into the test tube.

Lift the tube out of the flask and pour the sol'n into another 20 ml
beaker. Repeat the ppt'tn as in (2) and filter the In(OH)5 through

a 42 Whatman filter paper disc held in a Gooch crucible or a Hirsch
funnel .

Suck the sample as dry as possible and then pour 1-2 ml acetone
through the paper to remove the residual HZO' ¥hen 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 originally was then
used to follow the longer half lives.

8/18/49
P-18-241
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CHEMICAL SEPARATIONS

Element separated: Indium Procedure by: Lindner

Targot material: Antimony (w# .5 gm metal)  Time for sep'n: 1-2 hours

Type of bbdt: 184" a & D, _ '~ Equipment required: Lusteroid
. F tube, centrifuge, cones,

Yield: 50% or greater ' : tank st, SO2 '

Degree of purification: At least factor of 100
Procedure:

(1) To the target add lo drops 27 X HF in lusteroid tube in hot water
bath. 4dd conc HNO, dropwise untll dissolved (10 min.) Dilute
to ~ 20 ml.
20
(2) Add/hg cach Te, Sn,'In, Cd Ag, Pd, Ru, Mo, Y carriers as soluble
salts. Add 2 drops conc HCl. Centrifuge.

(3) Divide supn‘.. into two equal parts.
-(4) Evaporate one‘part to\near-dfyness. Cool, add 20 ml 3 N HCl.
(5) Boil the supn to expel 50,, add 5 ml H,O.
(8) Saturate hot with H,S until Sb,S, pptn complete.
(7) Evaporaté the supn to near dryness. Take up in 15 ml 1 N NaOH.

(8) Wash the Cd and In hydroxide with very dilute NaOH, dissolve in
HC1l. Add 2 mg Sn** holdback.

(9) Repeat NaOH pptn, dissolve and make to 15 ml in 2 N HCl.
(10) Add 5 mg Sb™F, 2 mg Teo;
(11) Boil supn to cxpel H S. Add excess NH4OH. Centrifuge.

and saturate with HZS'

(12) Dissolve the In(OH) ppt in HCl. Add 2 mg ca*t. Repeat.NH4OH
treatment. :

(13) Dissolve the In(OH)s ppt in HC1 and plate an aliquot .

8/18/49 , .
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CHEMIZAL SEPARATIONS

Element separated: Indium ‘ Procedure by: Wilkinson
Target material: Uranium (~ 1 gm) Time for septn: nJ 1 hour
Type of bbdt: 184" (high energy fission) Equipment required: Standard

Yield: 75-80%
Degrec of purification: 105-106 from activities present
Procedure:

(1) To aliquot of target solution add 5 mg of holdback carriers;
(Rare Earths, Ba, Sr, Zr, Rb, Cs, Te, Mo and rest of the sulfide
group metals plus 5 mg In and Cd carriers.

(2) Adjust acidity to 0.4 - 0.5 N HC1l and saturate with Hés. Discard

ppt.
(3) Repeat steps 1 & 2 twice.,

(4) Add NH,Ac plus acotic acid, ppt In & Cd sulfides.

cold
(5) Dissolve ppt 1n/1 N HCl and repeet steps 1-4. three tlmes or

until the acid sulTide fraction is inactive.

.(6) Dissolve the In & Cd sulfides from last sulfide‘pptn in cold
1 ¥ HC1l (only Cd & In sulfides soluble in cold 1 N HC1l, Sn &
Sb soluble in hot 1 N HC1).

(7)> Add R. B., Ba & Sr carriers, make sllghtly alkallne\wlth NH OH.
Then add HCI until faintly acid.

(8) Add excess NaAc and boil. Centrifuge off the basic indium
acetate. (Cd remains in solutlon)

(9) Dissolve the ppt in dilute HCl. Add 5 mg Cd carrier and repeat
© stops 7 and 8. o

8/24/49

P~18-252
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CHEMICAL SEPARATIONS

Element separated: Tin (~ 10 mg) ! Procedure by: W.R. McDonell
Target material: Recovery from chemical Time for sep'n: 3-4 hr.

wastes after bbdt including 50 mg Fe, ,

30 mg Sb, 20 mg Cu Equipment required: Centrifuge

Yield: 90-95%

Degree of purification: Atleast factor of 100 from metels present in
micro amount.

Advantages: High recovery yield.
Procedure:

(1) Combine wa?fas, crush and dissolve residues in HCl(l), HNO, or
aqua regia'™’, using alkali fusions (N’azco3 or NaQOH) where necessary.

(2) Neutralize with NH,OH or NaOH, make .25-1.0 N acid with HC1, pass
in H,S to saturatidn, ppt black (usually) acid sulfide group +
sulfur. Centrifuge, decant.

(3) Add 15 cc Na,S soln(z) to ppt. Heat 60-80° ¢ with stirring.
Add ~s 15 ml 6% 0.6 N NaOH, centrifuge, decont. Wash with
2nd portion of Na,S_. Combine filtrates. Acidify slowly with
HC1 to neutral li%mﬁs, then mke .25-1 N acide. Saturate with
H,S. Centrifuge, decant. )

(4) Add congy HC1, warm with stirring to dissolve sulfides and coagulte
sulfur*”/, Centrifuge, decant. ¥ash sulfur with hot 6 N HCl. "
Combine solutions, which now contain Sn, Sb (and As if any originally .
present) ond only small cmounts of Cu group metals.

(5) Do the tin antimony separation as outlined in ?872. . procedure-
' (selective sulfide ppt or~s Fe reduction, etc.) .

Remarks:

(1) Avoid boiling conc. chloride solutions of Sn, since SnCI4 is
somewhat volatile, ' '

() Na,S_ is used instead of (¥VH )ZS because it affords a better
sefaYation from Cu, o major Gofitdminant. (Ref. A System of
Chemical “4nalysis, E. H. Swift, Prentice-Hall, Inc., New York, 1940
pe 215.) Specifications for Ma,S_ soln: dissolve 480 g Na,S5.9H,0
+ 40 g+ NaOH in minimum amt o? woter, dissolve 16 g powdercd
sulfur in this soln, dilute to 1 liter.

(3) A large quantity of sulfur is present in the ppt. However, it
coagulates very well on heating in acid solution, while adsorbing
very little of the sulfide, allowing satisfactory cxtraction.

(4) Troces of Cu are dissolved by Ndzs solution. This, howcver,
follows the Sb in the subsequent S%—Sn separations. (Selective

sulfide pptn or Fe reduction). »
8/11/49 | P~18-366
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CHEMICAL SEPARATIONS

Element separated: Tin | Procedure by: Newton
- & HeDonell
Target material: Tin (plus Cu of target Time for sep'n: 1 1/2 hrs.
holder) . ,
Type of bbdt: low energy d;p,n Equipment required: centri-

fuge, hot plate, glassware
| Yield: 50-70%

Degree of purification:r\rlo6_

Advantages: Simpler than oxalate or distillation procedures

Procedure: \

(1) Dissolve target in HCl,heating<l) and adding droizgrz or few drops
of HNO, where mecessary to effect rapid solution‘ /.~ Add 10 mg
s In carriers. :

(2) Meke 3-4 N HCl. Add iron powder to excess (hydrogen evolugion),
heat with stirring,ppt Sb and Cu metal (black),filter by vacuum
through sintered glass filtering crucible.

44t + 44
eeme3 Sn o

(3) To filtrate add drop of Br, (Fe™" wmmy Fe'*, sn
Neutralize with NH@OH to appearance of red Fe(OH),, add just
enough HC1l to redissolve Feggg)s (acidity ¢ 1 N), pass in H,S to
saturation, ppt yellow SnSZ .

(4) Dissolve SnS_, in HC1 (3 cc of 12 N) by heating(l), stirring,., Add
10 mg Sb carFier, stirring. Dilute to 2.5 N acid (~s 14 cc), heat
in boiling water bath, pass in H_S to saturation, ppt orange szss.
Centrifuge hot (SnSé‘may ppt in cold), decant. Dilute to 1.5 N -
(~ 25 cc), pass in H,S, ppt Sns, (yellow). Repeat step 3 once
or twics.

(5) Dissolve SnS, in 1 oc 12 N HCl. Add Fe' ' carrier( %O mg). Dilute
‘ slightly, adg 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 necessary.

(6) Acidify to~/ 1 N HCl. Pass in H,S, ppt SnS,. Centrifuge, decant.
Dissolve ppt in minimum conc HNO., add 3-5 ¢c fuming HNO,, o knife
point of NH4NO « Boil several minutes to ppt white meta<stannic
acid. Evapora%e cliguots of the slurried soln on watchglass and
mount for counting. To determine chemical yield dilute after
ppting H,Sn0,, add filter paper pulp, filter through ashless
paper, récyc %gg filtrate till clear, dry, and ignite to Snoz.
Weigh as SnO2 . :

P-18-165



Remarks:

(1)
(2)
(3)
(a)
()

(6)

8/12/49

P-18-156

~intd HC1 soln after fusion with Na

50-2 (page 2)

Avoid boiling concentrated C1~ solns of Snj SnCl appreclably
volatile. {Also SbCl,, SnCly, ete. )

A vlack residue replates out on the dissolving Sn, sometimes
necessitating a mechanical agitation of the Sn surface.

InS ppts properly only at ( .05 N HCl, however, it is partially
co~ preclpltated at higher acidities with other sulfldes of the
Sn and Cu groups.

In(OH) is peptized by fixed “lkall hydroxldes but reppts on
boiling., It is very sllghtly amphoteric.

Do not use Pt crucible for ignition as Sn metal is produced which
alloys badly with Pt. Pcrcelain crucible should be used.

Sn0, difficult to dissolve after igniting,has been found to go
200 (anhyd.) in Pt crucible.
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CHEMICAL SEPARA TIONS

Element separated: Tin - » ' Procedure by: Lindner
Target material: Sb (~ +5 gm metal) Time for sep'n: ~ 1 hr.

Equipment required: Lusteroid
tubes, centrifuge, cones,
ta.nk SOZ’ HZO

Type of bbdt: 184" a and D,y

Yicld: 50% or groater
Degrece of purification: At least factor of 100.
Procedure:

(1) To the target add 15 drops 27 N HF in lusteroid tube in hot water
bath. 4dd conc HNO3 dropwise until dissolved (10 min.) Dilute
to ~ 20 ml. ' :

. 20

(2) Add/mg each Te, Sn, In, Cd, Ag, Pd, Ru, Mo, Y carriers as soluble

salts. £Add 2 drops conc HCl. Centrifuge. 5

(5) Divide supn into two equal parts. .

(4) Evaporate one part to near—dryness. Cool, add 20 ml 3 N HCl.
(5) Boil the supn to oxpel S0,, add 5 ml HZO..
(6) Saturate hot with HZS.until Sb,S, pptn completé.

(7) Evaporate the supn to near dryness. Take up in 15 ml 1 N NaOH.

(8) Add 2 mg In"*" and 2 mg Ca** to the supn containing Sn0, + Centrifuge.

(9) Neutralize the supn dropwise with conec. H,S0,, make 0.3 N in
HC1l, saturate with st.

(10) Dissolve the SnS, in 2 ml conc HCl, boil to expel H,S and
dilute to 12 ml.” Reject any undissolved material (Sb).

(11) Add 2 mg Sb™F carrier to the sn*? solution and saturate with'HéS;
(12) Boil to cxpel H,S, make 0.3 N in HCl. Re-saturate with H,S.
(13) Dissolve SnS2 in minimum HC1.

(14) Evaporate an aliquot to dryness. Take up in 10 ml 16 N HNO,, boil
to near-dryness, repeat several times. Filter,

(15) Transfer the Sn0,.xH,0 ppt to a crueible, Ignité 1 hr to SnO2 and
weigh. ‘

8/18/49
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CHEMICAL SEPARAT IONS

Element separated: Tin | Procedure by: Newton

Target material: Thorium metal (.1-1 gm) Time for sep'™n: 1 1/? hrs.

Type of bbdt: 60" ats : , Equipment required: Standard,
‘ tank HyS

Yield: ~v 55%

Degree of purification: 105 to 106 -
' , o (NH, ),SiF,
Procedure: The Th metal is dissolved in conc HCl + a few drogs .2 M sHrutich
to clear up black residue. The HCl is diluted to 2 N and an aliquot

taken. ‘

. ) _
(1) To samnle add 20 r Sn'* carrier in 2 N H01. Dilute solution
to 10 ml and 1 ¥ in HCl. Heat and pass in HZS' Ppt Snsz.

(2) Dissolve SnS, in 1 ml conc HCl. Boil out H,S. Add 10 mg Sb
carrier, Ehﬁe solution 2-2,5 N HC1l, heat and pass in HZS° Keep

hot (if cooled SnS, ppts). - Centrifuge off 5b,5,.
(3) Add 1ml X NH,OH to supernate from 2. Heat and pass in H,S,
ppt SnSz. )

(4) Dissolve SnS, in conc HC1, ‘dilute, boil out H,S. Add 5 mg each
Ru, 2r, Cb, Cd and Fe. Add 6 N NaCH until quite basic, ppt hydr=
oxides. Add more Fe and centrifuge down on top of first hydroxide

Ppt. s .
(5) Meke supernate acid, pass in HZS; Ppt 3nS,,.
(6) Repeat Sb scavenging in (2) and (3).

(7) Dissolve SnS, in conc HNO,, « Add three drops (~ 2 mg) Ru carrier,
1 gm NH4NO3 %solid) boil Gmtil SnO, ppts. - o

(8) Filter with aid of filter paper pulp and ignite to Sn02 ina
porcelain crucible. Weigh and mount as snoz. ‘

Remarks: This method has been described previously (Phys. Rev. 75, 17 (1949)).
To standardize Sn carrier: To 5 ml (50 mg) SnCl, solution add excess

NH,OH. Centrifure and wash ppt once with H 0. "Re-centrifuge. Dissolve
pp%.in HNOS, boil to ppb HZSnos. Filter anﬁ ignite to Snoz.

8/22/49

P-18-287



51-1

CHEMICLL SEPARATICONS

Elcment scparated: intimony Procedurc by: Gocckermann
Target materials Y 1 é Bi metal Time for scpin: ¢\ 1-3 hrs.
Typc of bbdt: 184" all particles Equipment rcquircd: Centrifuge,

tubes, HCl tank, clcctrolysis
sctup, HZS tonk, 802 toank

Yicld: Variable, low for proccdures 1 & 2.
Degree of purification: Unsatisfaoctory for bismuth bbdt.

sdvantages:  Procedurcs 2 & 3 will probably work for other bbdts. No. 2
is fast and may be good with 1-2 mg carricr.

Proccdurc: Target dissolved in 6N HNOS.
No satisfactory proccdurc was found but tho following threce were tricd.

(1) Procipitations of Sb,0. with fuming HNO,, distillations of SbCl
fronm H SO4 in an HCl strcam, prccipitations of Sb,S, from hot QﬁiHCl;
scpara%ions of AsCl5 by distillation, and Aszs3 precipitation.

(2) Precipitations of Sb,0., clcetrolysis of SbH, from 6N S0, with
a Pb cathodc, rcactionof SbH, with AgNO 'SOfution.ﬁg-prépipitato
Sbig, s, rcaction of Ag,Sb with"HCl 4o precipitate ALg and AgCl to
give"SbCl,s scavenging with Aszss, prccipitotions of szs3 from
hot 3N HCI.

(8) Precipitations of Sb,0 and Sb,S,; scavenging with 4s,S., MoSg, 7®,
: Fc(OH)3 from KOH solution, and BiyBg from KZS solutioin.

Remprks: Procedurc 1 is difficult ond purity was unsatisfoctory. No. 2
gave poor yiclds with 10 mg carricr - Sb™ deposited on the Pb cathode.
No. 3 is slow, should clcan up thc Sb bubt didn!t. Sb =~ extracts well

into isopropyl cther from 6-9N HCl but not sbto.

7/29/49
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51~2

CHEMIC.L SEPARATIONS

Eloment separated: Antimony Procedure by: Newton &
McDoncll
Parent material: Tin Time for sep'n: 2 hrs.
Milking proccdurec (Sb from low cnergy Equipment required: cenbri-
psd, or n produced Sn activity fractions) fuge, hot plate, glasswore

Yicld: 60-80%

Degree of
Procedure:

(1)

(2)

(3)

(2)

Remrks: .

(1)

(2)

8,/12/49

P.18-169

purification: 4t least factor of 104 from Sn.

To o 3-4 N HCl soln of the Sn, add 10 mg Sb+ * carrler( ) Add
iron powdcr to cxcess (hydrogen evolution), hecat with stlrrlng,
ppt Sb metal (black). TFilter by vacuum through sintercd glass

filtering crucible. ' : . '

Dissolve Sb in aqua rcgia, dilutc to 1 N acid, pass in H,S and
ppt Sbv,S, + S. .Dissolve the sulfide out of the sulfur with conce -
HC1 (wirming and stirring). Dilute to 3 N HCY hecating to expel

HéS if SbZSS reppts on dilution. Centrifugc, decont.

Add 10 mg Sn*? carrior to filtrate. Heat in boiling wator bath,
pass in H_,S to saturation, ppt orange Sb,S Ccntrlfugc hot,dccant.
Dissolve §b,S, in conc. HCl, Dilute to % § Hcl. Repcat step (3)

twice more.2 5

Sb,S, mounted after thorough washing with distilled water on small
wa%céglass'or o?zgiltcr papcr by suction filtration, followed by
gentle heating. o

Indium may be scavenged out of this milking by adding 10 mg In
carrier to initial Sn solution (step 1), rcpeating the Fo reduction
if the amount of In nctivity present warrents i,

The Sb sulfids should not be relied upon for accurate ylcld deter-
mination.
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51-3
CHEMICLL SEPARATIONS
Element separated: Antimony | Procedure by: Lindner
Target material: Antimony (v .5 gm metal) . Time for sep'n: 1-2 hours

Equipment réquired:
Lusteroid tubes, centrifuge,
cones, tank soz, HZS

Type of bbdt: 184" ¢ and D,

Yield: nv 75%
Degree of purification: At least factor of 100

Procedure:

(1) To the target add 15 drops 27 N HF in lusteroid tube in hot water
bath. Add conc HNO, dropwise until dissolved (10 min). Dilute
to ~- 20 ml.
20 ' ' .
(2) Add/mg each Te, Sn, In, Cd Ag, Pd, Ru, b, Y carriers as soluble
salts. Add 2 drops conc HCI. Centrifuge.

(3) Divide supn: . .into two equal parts..

(4) Evaporate one part to near-dryness. Cool, add 20 ml 3 N HC1.
Saturate with SO2 gas 10 minutes. Te ppts.

(5) Boil the supn to expel Sozv‘,,add 5 ml H,0.

(6] Saturate hot with H,S unull Sb S3

(7) Wesh ppt with 2 N HCl sat'd with H,S. Dissolwve in 5 ml conc HCl.
Evap to dryness with air stroam in“hot water bath, add 30 ml 2 N
HCl, 2 mg each of Sn, In & Cd carriers. .

pptn complete.

(8) Saturate hot with H,S and repeat cycle.
(9) Dissolve the szss ppt in 2 ml conc. HCl.

(10) Weigh aliquot of sample as SbZSS;

8/18 /49

P-18-220
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CHEMICAL SEPARATIONS

Element separated: Antimony : Procedure'by: Newton
Target material: Th ' : Time for sep'n: Several hrs.
: ' 1-2 hrs. attention
Type of bbdt: o fission, 60" _ Bquipment required: electro-
: ly31s cell

Yield: O - 25%
Degree of purification: 10 as olalmed by Wilkinson

Procedure: The Th metal is dissolved in conc. HCl + a few drops of .2 M
solution of (NH, ),SiF, to clear up the black resldue. The HC1 is

diluted to 2 N én an aliquot token.

(1) Add 10 mg Sb carrier.

(2) Inke 2 N in HCl, pass in H,S,ppt SbyS,.
(3) Vash SbZS3

- (4) Dissolve in conc. H,80, + few drops HNO,, fume.

(5) Dilute, make ~ 4 E.HZSO4} Electrolyze to lead cathode from Pt anode.
Collect .SbH3 in AgNOS. Ppt SbAgS.

(6) Centrifuge and wash AgSSb.
(7) Treat ppt with 1 X HC1 to dissolve Sb, residue Aé } AgzCl. Centrifuge.

(8) From Sb sol,in 1 N HCL ppt Sb,S, . Wash three times with 5 ml H,0,
three times with 5 ml BtOH, dFy°at 110° and weigh.

Remarks:

(1) The less Sb carrier used the better. Add no holdback carriers as
these interfere with the operation of the lead cathode.

4

(2) Electrolysis is very sensitive to condition of lead cathode. SbH, '

evolution can be followed by amount of Sb.Ag3 ppt in AgNO3 solutions

(3) If SbH, evolution ceaseé, more can be brought over if leads are
reverséd for o while to decontaminate the lead and then re-reversed
to make Pb the cathode again. Eventually this procedure fails.

in step (1) mke sure the Sb carrier and tracer exchange. One way to
insure exchange is to oxidize the Sb with Bré to the +5 state and then
reduce it %o ths +3 stwte w;th hydrazine before precipitating the
sulfide.

This procecuvre has been described previously (rhvs. Rev. 75, 17 (1949)).

_8/11/49

P=18-174
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CHEMICAL SEPARATIONS -

7
Element scparated: Te (w100 c/h) Procedurc by: Marqucsz
Targct material: I (05108 c/m) Time for sep'n: 3«4 hrs.
Typc of bbdt: Milking experiment Equipment rcquired:

Centrifuge tubes.
Yicld: n80%

Degres of purification: 4 cxtns give a sample with “® 300 ¢/m Te & approx.
100 ¢/m I.

Procedurc:

(1) Add to the I” sol'n, 10 mg Te carrier as Na Te0,, acidify with
- stO4 until brown color of I and add NO o} ox1dlze to I2

(2) Extract the I, with cqual volume 0014.

(3) Add soveral times more I” and cxtract the I, with ccL,.

2
(4) Ppt Tec by bubbling in 80, gas.

(5) Repeat the cycle by dissoiving Te in conc. HNO,, adding I°, etc.
(6) Centrifuge the Te ppt ond filter. ) |

(7) Plate and count as Te.

Remarks ’ v )

The Te ppts scem to carry cach time a littlo bit of I act1v1ty. It
requires- scveral cycles to get it pure.

7/27/49
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62-2

CHEMIC..L SEPARLTIONS

Element scparated: Tellurium Procedurc by: Gocckermonn

Target material: ¢y 1 g Bi metal ‘ Time for scp'nunl hr.

Type of bbdt: 184" all particles Equipmont rcquircd: Contr%fugo,
' tubes, iece, Soz.tank, 110

oven
Yicld: W\ 680%

Degree of purification: Docontamination factor}hlo4 from fission and spol-
lation products. ‘

Advantages: Fair yicld of pure Te, fairly rapidly.
Proccdurc:
(1) To aliquot of HNO, sol'n of target add 10 mg Te and Sc and
concentrated HBr, beil ncarly to dryness a few times. Tugo up
recsiduc in 10 ml concentrated HCl, add Sc, procipitate Sc~ with

SO2 in an icc¢ bath.

(2) Dilute to 3N HCL, heat, and preoipitate Tc® with 50,, oontrifugo
with acrosol. Wash with HC1. -

' (3) Dissolve 7c¢° in a fow drops HNO,, cvaporatc cxcess -acid, dilute
to 10 ml, add 6N NaOH dropwisc until HzTcO prceipitatc forms
and then redissolves, 10.drops cxcess. Sedavenge with 1-2 mg Fo(OH)s.
(4) Mrke supcrnafant 3N in HC1 and precipitate 1c°.
(5) Repocat Sc°, Te®, and Fc(OH)5 precipitations soveral times.
(6) Pilter last Tc® procipitatc, wash three times with 5 nl H 0, threco
times gith 5 ml CH OHB three times with 5 ml cther, dry I0 min.
at 1107C. - Weigh ds Te . : ‘ ‘
. Remarks: The cvop. with HBr volatilizes SeBr,. Rh carrics N 259 on 1c°

but the Fe(OH), pptn removes it. If NH 4is used in placc of the NaOH,
considerable loss of Te in the Fc(OH)3 Scavenge my rcsult.

7/29/49
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CHEMICAL SEPARATIONS

Element scparated: Tellurium ‘ Procedure by: Lindner
Target material: Sb (~y .5 gm metal) Time for sep'n: v 1 hour

Type of bbdt: 184" D

L3

Yieid:

h & & ' ' Equipment required:

Lusteroid tube, centrifuge,
cones,tank 802

90%

Degree of purification: 4%t least factor of 100

Procedure:

(1)

(2)

(3)
(4)

(5)
(6)

(7)
S ®

8/18/49
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To the target add 15 drops 27 N HF in lusteroid tube in hot water

bath. Add conc. HNO, dropwise until dissolved (10 min). Dilute
3
20 ‘ |
Add/mg each Te, Sn, In, Cd, Ag, Pd, Ru, Mo, Y carriers as soluble
salts. Add 2 drops conc HCl. Centrifuge.
Divide supn : into two equal parts.

Evaporate one part to near-dryness. Cool, add 20 ml 3 N HCl1. Sa.t-
urate with 802 gas 10 minutes. Te ppts.

Wash the ppt with water and dissolve in one drop conc. HNO3.

Add 15 ml 3 N HCl, 1 mg each, Sb, Sn, In, Cd holdback. Saturate

- with SO, gas.

Repeat steps 5 & 6.

Wash the ppt and weigh as Te.

’



52-4

CHEMICAL SEPARATIONS

Element separated: Tellurium Procedurs by: : Newton
Target material: Thorium metal (.1-1 gm) o Time for sepin: ~ 1 hour
Type of bbdt: 60" ats ' Equipment required: tank SO,

Yield: A 80%

‘Degree of purification: wvn 108

‘ /
Procedure: The Th metal is dissolved in conc HCl + a few drops of .2 W

solution (NH ) SlP to clear up black res1due. The HCl is diluked ‘o
6 N and an afifuotCtaken. -

(1) To sample add 10 mg Te and dilute to 3 N HCl. Heat and ppt Te°
with oOz

) Dissolve Te in 6 N HNO,. Add 10 ml conc HCl. Evap to rid of
Repeat evapcration. Dilute to 3 N HC1 and ppt Te again

Wlt% SOZ

(3) Dissolve Te in 6 N HNO,. Evaporate and dilute to 10 ml. Add 6 N

NH OH dropwise until H Te0, ppt dlss°l¥es. Then add 10 drops
excess. Scavenge twice w~%h 5mg Fe o Make 3 N in-HCL and
Repeat Te pptn (step 2).

ppt Te with SOZ'
(4) Filter final Te ppt. Wash three times with 5 ml H,0, three times
with 5 ml EtOH and three tlmes w1th 5 ml Et 0. at 1107 and

welgh as Te.

Remarks:"This method has been described previously (Fhys. Rev. 75, 17 (1949).

10 mg Te =-10 mg Teo

I cannot be milked from Te by ppting the Te by this procedure.

Preparation of carrier solution: Add - .. conc. HNO, to 10-11 gms Te
metal in a 250 ml erlienmeyer and heat until Te cedses 1o dissolve.
Evaporate to a volume of 2-3 ml (residue left) and add 10 ml conc
HCl. Evaporate to a volume of 2-3 ml, 4Add 10 ml more HCl and re-
evaporate to expel HNOS. Take up solution in 1 liter of 3 M HC1.
Pilter if not clear. S .

Standardigation: Take 5 ml carrier in 125 ml erlenmeyer. Add 40 ml

5 M HCl. Heat nearly %o boiling. Satvurate with SO, until Te is well
coagulated. Boil gently for 1 minute. - Filter onto & 51ntered glass
cruclble, wash three times with hot Héo, three times w1th 95% Et0H,
three times with Et O. Dry at 110° £8r 10 minutes. Weigho

8/19/29

P=18«250
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- CHEMICAL SEPARATIONS

Elcment scparated: I (vAl0” -6 barns cross Proccdure by: DMarquesz
: soctlon)
Target material: Sn(wn 1 gm) : ~ Time for sepm: 50 min,
Typc of bbdt: 184" ¢ & p | o Equipment required:
100 cc distillation flask

Yield: 70-80% ’ o separatory funnecls
‘ . : centrifuge tubes

Degree of purification: Less than 1% impurity in final I samplo.

Advantages: Fast. lakes possible scp'n of a very small amount of pure I
from large amounts of othor activities.

Procecdure:
(1) 4dd 10 mg I carricr and target foil to distillation flask.
(2) Add v~ 15 ml conc. H,SO (H

Dissolve Sn 27 4 _
(3)/ nad dic+ill simultancously, collecting I, in 0.5-1N NaOH soln.

should bo ccld) to dissolve the Spne

(4) Acidify with SO until iodinc turns brown and ox1dlze with HNO

(NaNO2 in acid oO%'ﬁ) Extract with cqual volume CCl,

(5) Wash I~ into NaOH sol'n.

(6) Repeat NaOH-CCL cyclos as many tlmes as wished., (Three .cycles
~ gave purity.lis%ed above. ) :

(7) Aoidify last NaOH sol'n with H,SO, ond reduce with SO, gas. .Blow
air through soln to cxpel most of soz. Add xs Az+ and a fow
drops of conc. HNOS.

(8). Heat in water bath and filtof.
(9) Plate and count as Agl.
Romnrks:
Most of the loss in this procedure comes in the distillation process.

Ice cold H, SO, used in (2) to allow assembly of distillation apparatus
bofore solutidn of targot starts. :

soltns can bo used to collcct the I from the distillation. The
so%'n is then oxidized with HNO, and th¢ I, extracted went cqual
volume of CCl,. The I, washod out of the organic layer into S0, sol'n
and the cycle rcepeated. This SO, procedurc is troublesome in tho
exporiment above because the solan devclops a gas pressure during the
cextractions.

7/27/49
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CHEMICAL SEPARATIONS

Element separated: Jodine 'Procedure by: 'Marquez

Target material: Sb (~ 500 mg). - Time for sep'n: ~s 40 min.

Type of bbdt: 60" a particles Equipment required:
: 100 distillation flasks
sep funnels & cent tubes

Yield: 80% or higher

Degree of pﬁrification: A% 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 tarbaric
- acid and 10-15 ml of ice cold HNO3 to distillation apparatus.

(2) Distil and collect I, in 0.5-1 N NaOH.

2

(3) Acidify with H,80, until iodine turns brown and oxidize with HNO, ,
'(NaNoz in acid”sol'n). Extract with equal volume Ccl, .

(4) Wash I  into NaOH sol'n.

(5) Repeat NaOH—CCi4 cycles as many times as wished. (Three cycles
gave purity listed above.) B

(6) Acidify last NaOH sol'n with H,S0, and reduce with SO, gas. Blow
air through scln %o expel most of SOZ' Add xs Ag+ ang a few
drops of conc. HNOS.

‘ (7) Heat in water bath and filter.
| (8) Plate and count as AgI;:
‘Remarks: |
Most of the loss in this procedure comes in the distillation Process.

Ice cold HNO, used in (1) to allow assembly of distillation apparatus
before solubtlon of target starts. ‘

Sol'™n of Sb in aqua regia interferes with I, ext'n.

An I sample could be obtained in 15-20 min. by ppting the AgI directly
from the distillate of (2). The radicactive purity of the sample,
however, will not be as high as above,

S0, sol'n can be used to collect the I, from the distillation. The
so%'n is then oxidized with HNQ, and tﬁe I, extracted with equal volume
of CCl,. The I, washed out of %he organic layer into 302 sol'n and the
cycle repeated. (Sec §5-1)e: - )
8/4/49 ' Co : P=18~135

\
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CHEMICAL SEPAR.LTIONS

Element scparated: JTodine ‘ Proccdurc by: Gocckermann
Target material: UMl g Bi metal Time for scp'n: N2 hrs.
Type of bbdt: 184" all particles : Equipment recquired: Distilla-

tion flask, ccntrlfugo,
tubes, icc, 110° oven.

Yicld: approx. 40%

Degree of

purification: Decontamination faotor »>10 from fission and

spallation products.

Advontagos:

Proccdurc:

(1)

(2)

(3)

(4)

(5)

Rempurks:

Fair yicld of pure I with little if any non-cxchangc troubloe.

Placc target in glass s%ill, add 10 mg I and 10 ml 6N INO,,, warn %o
dissolvo. When entirely dissolved, distill over thc I2 and a -

few ml HNO into HZO in an icc bath.

“Reduce I, with a minimum of NaHSO, in the cold, adjust, to O. SN

HNo,, , ada a fow drops 0.1M NaNOZ,Sand cxtract I, into an cqual”
volume of CCl,. Extract aqucous with sccond portion CCl4 Wash
CCl with dilute HNO3

Shake CCl, with 10 ml HZO’ adding N’\HSO3 until both phﬂscs colorlcss.
Wash ﬂqucéus with CCl,

Repeat extraction eycle scveral tirmes.

Ialke last agqucous I solution 0.5N in HNO,, hcat to boiling, add
2 ml 0.1N AgNO,, digest, filter, wosh thrée times with H.O, threc
times w1~h 5 n? C,H.OH, thrcc times with 5 ml cthcr, dry“l0 nin.
at llO. C. Weipgh®as AgI (18.50 mg per 10 mg I).

Active iodine formed as periodato may not cxchonge with the carricr

by this method, althoush the I yiclds werc not abnormlly low. Reduciag
condition probably prevail during dissolution of the target.

7/29/49

P~18-100



53=4

CHEMICAL SEPARATIONS

Flement separated: Iodine Procedure by: Newton

‘Target material: Thorium metal (.1-1 gm) Time fgr éep'n: 1 hr.

| Type of bbdt: 60" a's | ~ Equipment required: Standérd
Yield: 90% |

Degree of purification: 106

Procedure: The Th metal is dissolved in conc HCl + a fow drops «2 M sol'n
(NH, ),SiF, to clear up black res1due. The HCl is diluted to 2 N and
-an &liquot taken. ' : -

(1) Add sample to 10 ml 2 M Na (2) Add 20 mg I” in 60 ml sep
fumnels. Add 2 ml 2.5% ﬁaoél (sHeatil Acidify with 3 ml
conge HNOS, add 3 ml 1 M NH OH.HECl Extract with 10 ml CCl .

,

(2) Shake with 10 ml H,O containing a fow drops NaHSO until both
phases colorless. _

(3) To water add 1 ml 6 N N HNO; and a few drops of 1 M NaNO,. Extract
into Cul4

(4) Repeat (2).

(6) Add 1 ml 6 N HNO,. Heat to boiling. Add 2 ml O. l N AgNO,. Stir
and digest. Fll%er on tared filter paper. Vash three tifmes
with 5 ml - Héo three tlmes with 5 ml EtOH and three times with
5 ml Et O, Dry at 110° ¢ for 10 min. Weigh as Agl,

Remerks: 10 mg I = 18.42 mg AgI
(1) If Bi and La present add 1 ml of 10% tartaric acid and 19 M NaOH.

(2) Oxidize I" to I0,”. Solution must be heated, preferably boiled
5 minutes for complebte exchange to occur.

\ -
(3) Reduce ;04 to I,.

This method has been described previously (Phys. Rev. 75 17 (1949)).

.PreparAtion of carrier solution: Dissolve 13 gms XKI in water
containing a trace of NaHCOS. Dilube to one liter.

Standardization: Take 5 ml carrier solution in beaker. Add 50 ml
H,0 and 1 ml 6 N ENO,. Heat nearly to boiling and add 5 ml 0.1 N HgNO
with stirring. Digest 1 minute. Filter into a sintéred glass cruclble,‘
wash three times w1th HZO’ three times with 95% EtOH. Dry at 110° ¢ and
weigh as Agl

8/23/49
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55-1

CHEIICAL SEPARATIONS .

Element separated: Cesium _ Procedure by: Goeckermann
Target material: vl g Bi metal Time for sep'n: Several hrs.
Type of bbdt: 184" all particles ' Equipment required: Centrifuge,
tubgs, small Pt dish, ice,
110" oven

Yield: Cs ~40%

Degree of purification: Cs had impurity which was probably Rb.

Advantages: Supposed to give Cs pure of all elements & separate it from Rb.
Procedure:

(1) To aliquot of HNO soln of target, add 20 mg Rb & Cs & 5 ml conc.
HC10,. Evap. %umlng, cool, transfer to cent tube with 15 ml
abso%ute EtOH. Cool in ice bath 10 min. with- stirring. Wash ppt
twice with 10 ml absolute EtOH,

(2) Dissolve in dilute HCl & scav with Te, Ru, Sn, Sb, & Ag sulfides
(2 mg each) by edding H,S.

(8) Secav with NH, pptn of la, Ce, Y, Zr, & Cb (2 mg each),
4) Seav with Sr & Ba carbonates (4 m-)
(5) Acidify with HC1, repeat (2).
(6) Repeat (3).
(7) Scav with la(OH),.
(8) Socav with Sr & Ba carbonates & Y, Zr, & Cb hydroxidés.
(9) Acidify with HCl, evap to dryness in a Pt dish, destroy NH,Cl by
adding a few drops HNO3 and baking carefully (do not overhéat or
Cs may be lost).
(10) Dissolve in a minimum of H,0, transfer to a cone & cent.out any .
residue, evap to dryness in the cone. Add 6 ml H2Pt01 & 6 ml
EtQ0H, wash Rb & Cs chloroplatinates with ITtOH.
(11) Dissolve in HCl & repeat Te sulfide scavenging.
(12) Repeat NH, pptn of La & Fe hydroxides.
(13) Repeat Sr & Ba carbonate scav.

(14) Acidify with HNO,, add HC1, evap to dryness, bake off ammonium
salts carefully again.

(15) Cs = Take up residue in 20 ml 6 N HC1l, add 1 ml 31llcotung=t1c acid

P-18-65" soln & digest. (Save this supn. for Rb fraction).
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Wash twice with 5 ml 6 N HC1l (discard). Dissolve Cs silico-
tungstate in dil NaOH, add 20 ml 6 I HCl & discard yellow ppt.
- Add 1 ml silicotungstic acid soln, digest, filter, wash w1th
6 N HCl, three times with 5 ml acetone, dry 10 min at 110° C.
Weigh as Cs g Sil, ,0 (37.3 mg per 10 mg Cs) -~ standardize the

Cs carrier solu 10%2by the same procsdure.

Remarks: Noyes & Bray recommend 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 beticr to weigh the Cs as Cs P*C’ after purification is
complete. It has been alleged that 2B11 '3851 pptn is specific for Cs.
I tried the pptn of Rb away from Cs with“cold sat. sodium bitartrate
but the results were very poor. More Cs silicotungstate pptns with

Rb holdback present would probably give clean Cs.

The fuming of HClOQ can be done easily in 40 ml pointed centrifuge cones.

For Rb sep'n from same target see (37-1).

7/12 /49
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CHEMICAL SEPARAT IONS

Element separated: Cesium g Proccdure by: R. W. Fink,
' D. G. Karraker

Target matcrial: NH41 " Timo for scp'n: 45 minutes
Type of bbdt: 60 Mev c~particles for Equipment required:
on¢ to four hours. peroolain dishes
pipettes
centrifuge

Yicld: w40%

Degree of purification: Exccllent, factor of 106 from activity prescent
except alkali metalg, :

Advantdges: Good radiopurity olthourh yiold‘is low due to CsCl voiatility
in step (2). : ‘ .

Procedur.:

(1) NH,I target dissolved in small volume (v 3 cc) (1:1) HCl, a few
drops conc. HNO, added, and 20 mg of Cs carricr added. ©Soln is
boiled in porccfain dish to expcll volatile radioxenons, cte.

(2) Residue, after evap. to dryness, is ignited to .disaPpearance of
12 and ammonium salts, but not hot enough to wvolatilize oxcessive
Cs.

(3) The residuc is then taken up in (1:1) HNO,, o drop of (1:1) HCl
added and pptd thrice with a fow drops 0.1-N Agl\TO3 to scavange for
any rcmnining halogen (iodine) impuritics, .

(4) To the remaining soln is added a few drops Te carrier and then
cxcess SnCl,. This ppts Te and any radiotollurium. . (In omitting
the tellurium step, no change was notced, indicating Te was notb
formed.) ' ' : o

(5) The remaining soln is made alkaline with conc. NH,OH and FcCl5
soln added dromwisce to ppt Fq(OH)5 twice. -

(6) The final soln contains radiocesium in pure form..
Romoarks:

(a) Any 2lkali metel, c¢.g., Na, X, Rb, will not be separated, but
will onzear with the final cesiwn soln. :

(b) Step (2) results in o loss of over 505 of the Cs by volatilization,
if the temp. is too high. The minimum tomp. consistent with dccom-
posing and oxpelling ammonium salts should be used. If H SO, is
uscd in place of HCl, the volatility will be rcecduced consideirably.

7/12/49
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CHEMICAL SEPARATIONS

Element separated: Ceosium Procedurc by: R. i Fink
Target matcriél: NH4I t : Time for sep'm: 30 minutes ‘
Type of bbdt: 60 Mev a~particles for Equipment required:' Todine

one to four hours Sublimator
Yield: ¥ 95%

Degree of purification: Factor of at least 5 or 10.Good enough for mass
spectrograph work.

Advantages: Full yield of currier-ffcc radiocesium for mass spectrograph work.

Procedure: Special method for carrier-frec, high activity samples for the
mass spectrogranh. o '

(1) WH,I target is placed in a sublimtor together with a few drops
0.3 - N H,80, and conc. HNO,. CO, snow is packed into the cold-
finger, and a low vacuum is pulleg. Heat is then appliocd o the
NHéI, which dccomposes and condenscs on the cold~finger.

(2) The liquid is boiled until colorless, indicating complcte volatili-
zation of I, and dccomposition of NH,I. The remaining liquid is
almost pure in c¢esium, but if desireé it can be put through further

i purification, starting with step (3) of (55-2).

a
Fig. 1 ~ Iodine Sublimator
o = crushed 002 snow
b = low wvacuum
¢ = target NH4I + drop:HZSO4 + drop HNOS'
Remarks:

(2) Any alkali metal, c.g.,Na!, K, Rb will appcdr with the Cs.

(b) For mss spectrqgfaph work; the sol'n is used as it comes from the
sublimator directly. '

7/&2/49'v
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CHEMICAL SEPARATIONS

Elcment separated: Cesium Procedure by: Folger & Hicks

Target material: Wi4g U metal foil Time for sep™: Several hrs.

Type of bbdt: 184" all high energy particles Equipment required:o Centrifuge,
' tubes, ice, 110~ oven

Yield: Csy~60%

Degreec of purification: Small amt of some impurity detected by means of Al
abs. Decay curve shows pure Cs for yn 3 half-lives.

Advontages: Supposed to give Cs pure of all elements & séparate it from
Rb. '

Proccdure :

(1) To aliquot of'ﬁNO soln of toarget, odd 20 mg Rb & Cs & 5 ml conec.
HC10,. Evap. %uming, cool, transfer to cent tube with 15 ml
absotute EtOH. Cool in ice bath 10 min. with stirring. Wash
ppt twice with 10 ml absolute EtOH.

(2) Dissolve in 0.2 N HC1 & scav with AgCl, then Te, Ru, Sn, Sb, & '
' Ag sulfides {2 mg each) by adding H,S.

2 .

(3) Scav with NaOH pptn of La, Ce, Y, Fe, 2r, & Cb (2 mg each).

(4) Scav with Sr & Ba carbonates (4 mg)

(5) 4fcidify with HC1l, repeat (2), (3) and (4).

(6) Repeat (3) and (4).

(7) £dd HC10, and evap to fuming. Transfer to cent. cone with 15 ml
abs. Eto% Cool in ice bath 10 min. with stirring. Wash ppt.
with 10 ml abs. BtOH. :

(8) Repeat (2), (3) and (4).

(9) Repoat (7).

(10) Cs - Take up residue in 10 ml 6 N HC1, udd 1 ml silicotunzstic
acid soln & digest hot. (Save this supn. for Rb fractlon) Chill

and centrifuge.

(11) Vash twice with 5 ml 6 N HCl (discard). Dissolve Cs silicotung-
state in dil. NaQOH, add 10 ml 6 N HC1 & discard yellow ppt.'Cﬁog).

(12) Repcat (10) with Rb holdoack. Wash & dissolve as in (11).

P-18=~96
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(13) Add 1 ml silicotungstic acid soln, dipgest, filter, wash with 6 N
HCl, three tlmcs with & ml acetone, dry 10 min at 110° €. Veigh
- as Cs831 (37.3 mg per 10 mg Cs) == standardize the Cs
carriéer soiu%lon by the same procecdurc.

Remarks:
(1) Sec (55-1)

(2) The above proccdure is for use when Rb is desired from the same
aliquot. If rubidium is not desired, replace step (7) wy step
(10) including Rb holdback. Step (8) should bc included, but
step (9) may be omitted.
Steps (10) throug‘h (13) should then follow
in regular ‘sequ'nee, with Rb holdback being used 1n (10).

(3) If it is desired to count a weivhcd sample, Cs should be wéighed
as Cs,PtCl, instoad of Csg SiW ,0,, in order to reduce self-absorp-
tion Gounting corrections. IA suoh o case add to the above
proccdurcs

(14) Dissolve ppt in minimum amt. 1 N NaOH with warming. Neutralize
keeping volume low. Add 4 ce H,PtCl, and 4 cc EtOH. Digest
¥ 3 min. with stirring in an ice ba%h then let stand 5 min.
in ice. :

(15) Centrifuge and wash w. 6 cc abs. EtOH.

(16) Filter, wosh we 5 co abs. EtOH, dry in 110° ¢ oven for 5 min.

Wzigh as CsthCIG.

7/28/49
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CHEMICAL SEPARATIONS

Element sceparated: Cosium ' Procedure by:  Nowton
Target mtorial: Thorium metal (L1-1 gm) Time for sep'n: Ay 1 hr.

Typo of bbdt: 60" a's
Yield: ns 80%
Degroe of purification: 106 cxcept from Rb

Procoedurc:

The Th mectal is dissolwed in cone HCl + a few drops of .2 M sol'n
(NH,),SiF, to clear up black residue. The HCl is diluted to 2 N

and "o aliquot taken.

(1) 1In 50 ml beaker + sample add 20 mg Cs, 5 ml HC1l0, and evaporate
to fuming. Cool and transfer %o centrifuge tube with 15 ml
absolute EtOH. Cool in ice bath 10 min. end centrifuge. Wash -
ppt two times with 10 ml absolute E+tOH.

(2) Dissolve in 10 ml H, 0. Add 5 mg Fe and ppt hot with NH, OH. Repeat.

(3) (Ootional) Add drop sat. (NH4)2003 and 5 mg each Ba and Sr.
Ppt Ba and Sr carbonates. Centrifuge. - v

(4) Evaporate supernate to dryness in beaker, flame to decompose NH,
salts. Dissolve in a few mls hot HéO, add 4 ml HCIOA, evep to ©
fumes. Reppt as CsClO4

- (5) Centrifuge and wash ppt once with absolute EtOH by decantatlon.
Slurryoppt with EYOH and filter. Wash with EtOH. Dry 10 min.
at 1100 €. leirh as CsC10, - ,

Remarks: This method has been previously described (Phys. Rev. 75, 17 (1949).

Preparation of carrler solution: Dissolve 12.7 gms CsCl in 1 liter of
water. : : »

Standardization: Take 5 ml carrier., Add 3 ml 70% HC10,. Evaporate
to dense fumes of HC10,. Cool in an ice bath and add 10 ml &bsolute E+OH.
Cool and stir occasionally for 15 minutes. Filter onto a sintered glass
crucible., Use 3-5 ml portions of abs EtOH to transfer and wash. Dry 10

minutes at 110° C. Yeigh as CsClO .

8/19 /49
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CHEMICAL SEPARATIONS

Element separated: Barium ‘Procedure by: Hicks-Folger=-
: : Goecke rmann

Target material: U or Th or Bi | - Time for sep'n: 30-45 min.
Type of bbdt: Fission ‘ R Equipment requirea: ice bath

Yield: vA 100%
Degree of purification: excellent

Advantages: Fast and easy

Procedure:

(1) Take aliquot of HNOQ, or HC1l soltn of target and add Ba carrier.
If necessary evaporate to less than 1 cc. With tube in ice
bath, add 10 cc ether -- HCl reagent (ether-HCl reagent - 400 cc
conc. HCl + 80 cc diethyl-ether). Stir and digest 2 or 3
minutes to bring down silky appearing BaCIZ~2H20.

(2) Centrifuge, dissolve in 0.5 cc H,0, repeat ).

. (3) (entrifuge, dissolwve in 0.5 cc H,0, dilute to 7-8 cc, make %o
-/ pH>10 with carbonate free ammonia and scavenge twice with
PFe <OH)3. ’

(4) ppt. BaCO, by adding 3 drops sat Na,CO,, and -digest 5 min. in
hot watersbath 278

(5) Dissolve BaCO, in 1 cc 6 N HC1, repeat (1) and (2).

3

(8) Centrifuge, wash with 5 cc absolute alcohol, then 3 portions
‘ of 5 cc ether, weigh as BaClz’ZHZO.

Remarks:. (2) can be modified by adding double volume of ether saturated
with HCl gas to BaCl,*2H,0 dissolved in H_O and continuing to
introduce HCl gas un%il %he ppt appears and the aqueous and
organic layers become miscible.

6/25/49
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CHEMICAL SEPARATIONS

Element separated: Barium , Procedure by: Goeckermann
Target material: vl g Bi metal Time for sep'n: 1-2 hrs.
Type of bbdt: 184" all particles Equipment required: Centri-

fuge, tubes, ice, vocuum
dessicator.

. Yield: w\80%

Degree of purification: Decontamlnatlan factor vﬂlO from fission & spallation
products. Ba decontamlnated W10~ from Sr.

. Advantages: Good yield of Ba & Sr, separation from all other elements except
Ra, very good separation of 3r & Ba from each.other.

Procedure:

(1) To aliquot of HNO, soln of target, add 10 mg Sr & Ba, 30 ml fuming
HNOS, diges®t cold 1-2 min.

3

(3) Dissolve ppt in 5-10 ml H,0, add 5 mg Fe 5, & ppt Fe(OH) with
tank NH, (co free!) RePeat Fe(OH) scav.

(2) Dissolve ppt in 2 ml H,0 & reppt with 15 ml fuming HNO

(4) Neutralize supn with 6 N ENO,, add 1 ml 6 M HAc & 2 ml 6 If NH,Ac.
~ Heat to boiling & add 1 ml 1.5 ii Na CrO dropwise with stlrrlng.
Digest one min. (Save the supn Tor &y fractlon)

(5) Ba - 7lash BaCrO, ppt with 10 ml hot H,0. Dissolve in 1 ml 6 N HC1,
~ add few mr Sr, i reppt BaCrO,. RedisSolve, add 15 ml ether-HCl
rearcent (5 parts conc. HCl 46 1 part di-ethyl ether), digest cold -
2 min, wash with 5 ml absolute EtOH containing a few drops of HCl.

Dissolve BaCl2 in 1 ml H,0, make just basic with NH, & scav with |
Fb(OH) (5 mg).  Add 15 ml®ether-HCl & reppt BaCl,. ﬁepeat if
necesoary. Filter last BaCl, ppt, wash three times with 5 ml ether
dry in vacuum dessicator - 2 min. evac. release, 5 min. ewvac,
melgh as BaCl,*2H, 0(17.8 mg per 10 mg Ba).

Remarks: Procedure,adapted for use when Sr activity much greater than B,
Ra follows the Ba well, can be separated from it by use of a resin column.

For Sy sep'n from same ‘target sece 38-1.

7/12/49
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CHEI\IICAL 3% AT u.l.TIOI\TS

Element scparated: Barium _ Procedure by: R. . Fink
Target material: CsCl : : Time for scp'n: 90 min.,
Type'of bbdt: G5 Mev Protons for 1 hour Equipment rcequired: Standard

Yicld: Sufficient for mass spectrograph work.

Degree of purification: Cesium is persistent, but may be removed in successive
recyclings. Pure cnough for mass spectrograph work.

Advantages:
Carrier frece Ba for mass spectrograph.
Procodure:

(1) Target CsCl is dissolved in 2 cec 0.1-N HAc, 1 cc NH,Ac sat'd
added, and 10 mg. Pb carricr added. K,Cr0, soln. 1s then added
until complete pptn. This ppt. is theh washed with 1% NH@AC until
free from Cesium. If necessary, thc ppt may be dissolved in
0.1 - N HCl and repptd. to free it from Cs.

(2) The Cs-free PbCr0, ppt is then dissolved in 1 cc¢ 0.1-N HC1 and oxcess
H,S is bubbled in to ppt black PbS and reduce the CrO to CrCl
(grecn).’ 3

(3) The sol'. from (2) containing radiobarium, is made alkaline, after
© boiling to cxpell HZS and radioargons, and some Fe(Cl), added to
help ppt. Cr(OH)5

(4) The final, colorless soln, has carricr-free barium. It is convorted
to the sulfate for mass spece. work,

Remarks:

The cecsium, being the torget material, is very persistent, and sceveral
pptns. in step (1) may be nceded to free the barium of it.

7/12/49
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CHEMICAL SEPARATICNS.

Element separated: Barium ' Procedure by: Lippmenn &
. Goeckermann
- Target material: Au foil, about 1 g Time for sep'n: 1 hr.
for barium. -
Type of bbdt: Full energy protons, helium Equipment required: Ice

ions, or deuterons ~bath and hot water bath.,

Yicld: Ba 25%

Degree of purificatign: Good - about 105 from Au and spallation products
and at least 10  from fission products. '

Advantages: Sr, Ba and Mo can all bec separated from the same target
material. :

Procedure: Dissolve target in hot solution containing 10 mg cach of Sr,
Ba, and Mo, 5 ml of 12 I§ HC1 and 5 ml of fuming HNO,. Cool solution
in ice bath and slowly add about 30 ml fuming HNO,." Sr (No:,))2 and
Ba.(l\TO5 )2 precipitate. Centrifuge. v '

Dissolve precipitate in 5 ml H, 0, add 5 mg FOIII, warm in hot water
bath, and prgpipitate Fo (OH), with 6 M NH,OH. Cerb rifuge. If desired
add morc Fe and centrifugc out Fe(OH), again. Neutralize super-
natent with a few drops of 6 M HC,H,0,, héat to boiling, and add 2 ml
of 1.5 M Na,Cr0, dropwise. D'i'gos% Baér% precipitate in hot water
bath and centrifuge.

Wash Ba(','ro4 precipitate with 10 ml of hot H,0 and centrifuge. Dissolwve
BaCr0,inlml of 6 M-HCl with heating, add10 mg Sr carrier, 2 ml 6 M
I\TH‘lC2 302, 1mlé g HC H30 s heat to boiling, add 2 ml 1.5 M,Na Crv(‘)’4
dropwise, digest in ho% wa%er bath, and centrifuge. Dissolve BaCrO
in 1 ml 6 M HC1l with heating, add 15 ml HCl-ethor reagent (5 volumes
of 12 M HCT plus 1 volume of ether), cool in ice bath until BlClZ ,
prﬁ}p?cates, and centrifuge. Dissolve BaCl, in 5 ml H,0, add 5 mg
Fe™ ", warm, precipitate Fo(OH), with 6 M NH,OH, and contrifuge.
Neutralize supernatent with 6 MS-HNO ,add 2 mlL 6 M NH C,H,0,, 1 ml

6 M HC_H,O,, heat to boiling, 2dd 2°ml 1.5 M Na 6?04- éropwise, digest
inhot whtér bath, filter, wash three times with 5 &l H.O and throe

times with 5 ml aloohol, dry 15 minutes at 110°C. Teigk as BaCr0,.
Remarks: '

A1l additions of fuming or concentrated HNO, should be made cautiously:
they tcnd to react violently after a short induction period.,

8/12/4é
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CHEMICAL SEPARATIONS

Element separated: Barium Procedure by: Folger
Target material: nJ 3 g U metal Time for sep!n: ny1-1 1/2 hr.
Type of bbdt: 184" high enersy particles Equipment required: Centrifuge,

cones (50 ml-2 ml), ice bath.
Yield: -50-75%

Degree. of purification: M 103 from other elements ~ sufficient for mass
spectrograph or ion exchange column.

Advantages: Gives good yield of Ra-Ba with only ~ 75 pg carrier.
Procedure:

(1) Dissolve target in small amount conec. HNO,, (heat if neg SSATrY ).
Add 100 pg Ba (as Ba (WO )2 carrier sol'n)’and 20 mg Sr ~ ocarrier
(as nitrate).

(2) Add fuming ENO, to make uplv 25 ml and chill in ice bath for
10 minutes. Céntrifuge out Sr(NOS)2 (Carries Ba & Ra).

- (3) Dissolve in H,0, transfer to 15 ml cone and buffer with HAc +

N7, Ac (1 ml 6°N HAc and 2 ml 6 N NH,Ac or pH 5-6). Add<J 5 mg
Phand ppt PbCTO, by add'n of 1.5 \IVQOCrO to hot soltn. Wash
with hot HAc Nﬁ Lc buffer (1 ml To 2°ml ds above) contalnlng
1 drop 1.5 fﬁh CvO

. * 2 4*

(4) Dissolve ppt in hot 2 N HC1, pass in H,S to reduce Cr207- to Cr
and dil to 0.2 N, ppt PoS, scavenge with Pew mg CusS.

+3

(6) Boil on% H,S, make basic w1th NH, and ppt SrCO
and a few drops 2 ETNaz 5

5 by adding .2 mg Sr

(6) Dissolve SrC®, in 1 drop 6 N ICl, boil out CO,, buffer with 1/?
ml 6 I HAc and 1 ml 6 N NH Ac (pH 5-6). Transfer to 5 ml cone,
add ng not more than 1 ml O. Heat to near boiling, add minimum
Pb to ppt PbCrO: with 1 drop 1.5 H Na20r04. Centrifuge.

(7) Dissolve PbGrO, in 1 drop conc. HCl. Transfer to 2 ml cone with
1 ml HCl-ether reagent. Chill 10 min in iee bath and centrifuge

out BaGl oZHZOo Wash with 1/2 ml HCl-other reagent.

(8) Dissolve in 1 drop H?O and add 1 drop 0. 5 ¥ HéSO - Centrifuge
oulb BanO for mass spectrograph.

or (8a) Dissolve in 1 drop H,0 and add 1 drop 0.5 N NaOH plus 1 .drop 2 M
: Ma, %00  Cer trifuge 11”ﬁ3 end dissolve in 0.1 N HC1 for equilibration
with Fesin for coiurm run. ' .

P-18-273
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‘Remarks: If the target sol'n is obtained in large'volume, buffer with
NH,Ac until uranium ppt's out. Centrifuge and ppt PbCr0, from
supernatant (20 mg or more may be required). Remove Pb by dissolving
the chromate in 1-2 N HC1, passing in H,S, diluting to 0.2 N and ppt'n
PoS. After H,S has been boiled out, thS sol'n may be made basic and
SrC0, ppt'd t6 reduce the volume. Follow with Sr(N0,),, PbCr0, and

32 4
BaClz-ZHZO pptins. :

Por mass spectrograph work, steps 5 & 6 may be réplaced by

(5-6a) Boil oyt H,S. Buffer o pH 5-6 and ppt min. PbCro, by addtn
of Pb"" and 1.5 } Na,Cr0,. Coentrifuge. . Wash with 2 drops
6 1 TH hAc. ;

N '

To remove excess alkali salts add:

(9) Fume BaS0, to dryness to remove any MH,Cl. Take up in 1 drop
0.5 ¥ H2804n Cenurifuge and rewash wi%h 1 drop 0.5 N HéSO4.

For resin column separation of Sr, Ba, and Ra see E. R. Tompkins AECD-1998.
- Elute from resin with citrate at pH 7.5-8.0.

8/23/49
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CHENIC..L SEPARATIONS

Element sepdratcd: Barium Proccdure by: Newton

Target material: Thorium metal (.1-1 gm) Time for sep}n: 45 min.
Type of bbdt: 60" alphas Equipment required: Standard

Yield: 90%
Degroe of purification:‘>106 from all activities present

Procedure: The Th metal is dissolved in conc HCl plﬁs a fow drops of .2 U
(NH, ), SiF, isoltn to clear up tho black residue. The HCl is diluted
%‘ﬁ ang an aliquot taken. =

(1) 1-5 ml sample in 50 ml centrifuge tube. Add 20 mg Ba'® carrier.
If totel volume is 3 5 ml, boil down %o 5 ml or less. To cold
solution add 30-35 ml HCl-ether reagent. Stir 1-2 min while
cooling in ice bath. Centrifuge. Vash ppt with 5 ml HC1l - Et,0.
Centrifuge.

(2) Dissolve ppt in 1 ml H,0, add 15 ml HC1 - Etzo to ppt barium.
Centrifuge and wash with HC1l - ether solution.

(S) Repcat (2).
.

(4) 1f scavenging is necessary dissolve in 4 ml H, 0, add 1-2 mg Fe+f
and fresh (carbonote free) NH,OH till an oxceSs is present. .
Contrifuge and discard ppt. @o solution add 5 ml HCl-EtZO, cool
and centrifuge. : ‘

(5) Dissolve ppt in H,0. Dilute to 10 ml, add 6 drops HCl + 10 ﬁg
Lg, digest, centrifuge off .4gCl. Repeat.
+

(6) Add 1-2 mg Fe© +,thén NH,OH. Ibke 2 hydroxide pptns of Fe(OH)S-

(7) 4dd Na,CO,, t BaCO,. Dissolve in 1 ml conc HCI, ppt BaCl, b
2 193 o by
adding HC? - Et20 reagent.

(8) Transfer ppt to weighed filter with 3-5 ml portions of absolute
EtOH containing 4% HCl. Filter with suction. Yash three times
with 6 ml E+,0. Dry by evacuation. 2 min. evacuation, release,
5 min. evacudtion. Yeigh as BaClz.HZO. :

Remarks: This method has been described previously. (Phys. Rev. 75 17 (1949)).

Preparation of carrier solution: Dissolve 19.0 gms Ba(NOs)2 in wator
and dilute to 1 liter,

Standardization as BaCl,.H,0 Take 5 ml carricr, add 50 ml ether-HC1
mixture. Cool in ice bath for 10 minutes. Stir, Filtcr onto a sintered
glass crucible. Use 3 -« 5 ml portions of absolute EtOH containing 3-5
- drops conc HC1l %o transfer ond wash the ppt. Wash with three 5 ml portions

of Et,0. Evacuate and weigh as BaCl,.H, 0. ' ’

272
8/23/49
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CHEEMICAL SEPARATIONS

Element separated: Barium Procedure by: Newton
Target materinl: Thorium metal (.1-1 gm) Time for sep'n: 1 hr,
Type of bbdt: 60" alphas Equipment reguired: Standaxd

Yield: ~u Gp% on Ba

Degreo of purification: 10° other F.P. ~10° from Strontium

Advantages: Ba and-Sr ean be taken out in some procedure.

Procedure: The Th metal is dissolved in conc. HCl plus a few drops of .2 I
(NH4) $iF, to clear up the black residuc. The HC1 is diluted to 2 N

and ‘an algquot taken,

(1) 4dd 20 mg cach Ba and Sr carrior and 30 ml fuming nitric acid.
Cool 1-2 minutes with stirring and centrifuge. (If 804_ prosont
add H,SO, to ppt BaoSO,. Wash with 10 ml H,0. Motathésize with

50% K,CO, by boiling 5 min. Centrifuge, wash with water: Dissolwe

ppt in 1N HNO,« Discard residus.  Then moke fuming nitric
acid pptn.) '
(2) Dissolve ppt in 2 ml Hy0. Re-precipitate vith 15 ml fuming HNO, .«
issolve ppt in 0 m o« 4 mg Fo s P e (OH
3) Dissol in 5 to 10 ml H,0. Add 5 mg Fo© ' Fe (GH), by

adding 2 ml carbomte free 6 M NH,OH or pass in NH3 gas to ppt
Fe(OH)g. Centrifuge. *

(4) Neutralizc supernate with 6 N HNO,. .dd 1 ml 6 M Hic, 2 ml 6 If -
NH,Ac. Heat solution %o ncarly b3iling. Add 1 ml of 1.5 M Nd;bro
dropwisc with stirring. Let stand 1 min. Contrifuge. Reoserve
supernate for Sr, .

(5) Wash ppt of BaCr0, with 10 ml hot H,0. Dissolve in 1-2 ml 6 i
© HCl add 15 ml HCl - Etzo reagent, s%ir 1-2 min. Centrifuge,

(6) Dissolve ppt in 1 ml H,0. Repreccipitate BaCl,.with 15 ml HC1-Et,0
reagent. Centrifuge. ~Transfer ppt to weighe% filter paper with
4% HC1 in EtOH. wWash 3 x 5 ml EtO,. Dry by evacuation 2 min,
reloase, evacuate 5 min. Weigh as BaCl, .H,0.

Remorks: This proccdure has beon doscribed previously. (Phys. Rev., 75 17
(1949)). ‘ -

[}

. J
For separation of 8r from this procedure sce (38-5).

8/23/49
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CHEMICAL SEPARATIONS

Element separated: Lanthanum Procedure by: Naumann
Target material: CsNO3 ' Time for sep'n: 1-1 1/2 hrs.
Type of bbdt: CsNO, + a{25-50 Mev) ~ Equlpment required: 5 ml sep.

3 funnels

Yield: At least 50%.
Degree of purification: Excellent at least factor of 1O3 from Cs, Ba, F, etc.

" Advantages: Affords a sample free of fluorins and containing less than
0.1 p g La suitable for mass spectrograph work.

Procedure:

(1) The target (0.8 g) CsNO, is dlsso}zed in 6 ml of hot 0.5 N HNO
cogfilnlng 1 mg of F~ % mg of Ba ', 1 mg of Fe Tand 1/10 n g
Ia” 7. (See (a) undsr remarks below. )

3

(2) The solution is made basic with NH, and the solution centrifuged.

3

(3) The Fe(OH). ppt is washed three times with boiling water redissolved
in 5 cc 0.5 N HNO; and 1 mg of F~ and Ba' is added as holdback
carriers.

(4) The solution is again made.ba31c with NH,, the precipitate centri-
fuged, washed and+dlssolved as in step (g) but only 1 mg of bl
is added the Ba' being omitted.

(5) Fe(OH)5 is again'precipitated with NH,, the precipitate centrifuged
and washed 3 x with boiling water. fhe precipitate is dissolved
in 2 ml 6 N HC1 (See (b) under remarks below.) and extracted °
twice with 2 ml ether.(See (c) under remarks below.) The agueous
HC1 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.

Remarks:

(o) If xs Ba++ & F are added BaF, will precipitate. The 0.1 p g La
serves to give a line at mass nurber 139 on the mass apectrograph
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,

(4) Rare earths if present from bombarding a mixture of target materials
would not be separated in this procedure.

7/27/49
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CHE:'ICAL, SEPARATIONS

Element ted: Ra | Procedure by: Hicks

eme sepafa e re earths rocedure by iekey  rinson”
Target material: Rare earth oxides Time for sep'n: 1/2 hr.-1 hr.
Type of bhdt: 60" ‘ Equipment required:

‘lusteroid +tubes

Yield: ¢ 100%

Degree of purification: 100% from all other elements besides rare earths
themselves. '

-Procedure:

(1) Dissolve rare earth oxides in conc. HN03, ppt hydrox1des with
conc. NH CH.

(2)  Tash hydroxides until wash is neutral. This increases yield
markedly. '

(3) Dissolve in HNO,, transfer to lusteroid, add 5 cc conc. HF, digest
in hot water ba%h centrifuge, and wash fluorlaes with water.

(4) Dissolve fluorides in HNO; - H;BO, mixture (8-10 ¥ HNO, seturated
B 3
: with H BOB) :

(5) Repeat 2-4 twice.

(6) Dissolve final hydroxides in. HCL pH 1-1.5 and transfer to ion
exchange resin column. :

6/25/49
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Exorpts from Papor on "Radioactive Isotopes of the Rare Earths.
I. Experimental Technique and Thulium [sotopes” - Phys Rev 75 1370 (1949)
 Geoffrey Wilkinson and Harry Hicks

Abstract:

The experimental techniques used in the chomical scparation and identifi-
cation of radiocactive isotopes of the rarec earth cloments are described.
The isotopes are produccd by bombardment of rare earth oxides with a-particles
deuterons, and protons from the 60~inch Crocker Laboratory cyclotron, and
also by bombardmont of tantalum with 200 Mev deuterons from the 184-inch
cyclotron. ‘ '

J. Introduction

The extreme difficulty in achieving sepasation of the rare earth clememts
in a very purc state has been overcome in rccent ycars by two main advances
in experimental techniques. These have meant that not only maero, but tracor,

“amounts of rare enrths can be reliably separated from ecach other in a fow
hours.,

Methods of scporation based on multiple oxidation states of the
rare carth elements have been dcve}oped for curopium, samarium, and other
rarc earths, particularly by McCoy™ and Marsh, using zinc and sodium

leH.NoMeCoy, J. Am. Chem. Soc. 57, 1756 (1935)5 59, 1131 (1937);‘§§, 3422 (1941)

2. J. K. Marsh, J. Chem. Soc. 398, 523 (1942).

amnlgom reduction proccdures, while the separation of rare carths by tho
use of columns of ion-cxchange resins has been developed in the Manhgtton
Project, and has becn described in a comprchensive series of papers.

3. E. R. Tompkins, J. X, Khym and . E, Cohn, J. Am. Chem. Soc, 69, 2769
(1947); F. H. Spedding et al., J. Am. Chem. Soc. 69, 2777, 2786, 2812
(1947); E. R. Tompkins and S. W, Mayer, J. Am. Chom. Soc. 69, 2859,
2866 (1947). . : -

-

These procedurcs have given a great impetus to rescarch on raye carth
isotopes formed in fission of uranium and alsc by neutron capture.  Littloe

4, B. R. Tompkins, J. X. Khym and ¥. E, Cohn, J. Am. Chom. Soc. 69, 2769
(1947); J. A. Marinsky, L. E. Glendenin, and C. D. Corycll, J. Am.
Chem. Soc. 69, 2781 (1947); D. H. Harris and E. R. Tompkins, J. Am.
Chem. Soc. 89, 2792 (1947); B. H. Ketelle and G. E. Boyd, J. Am. Chem.
Soc. 69, 2800 (1947); . E, Cohn, G. W, Parker and E. R. Tompkins,
Nuclconics 3, 22 (1948).

work, however, has becen donec on noutron deficient isotopes formed by proton,
deuteron, and a-particle bombardment of the rare coarths. A systemotic study
has, thercfore, been undcrtaken to rcmedy this deficicncy in the knowledge
of such isotopes, and further, %o allow interpretation of the results of
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high cnergy particle bombardmonts of elcmentg above the rarc carths using
the 184-inch cyclotron. In a previous note, a list of new rare earth

—

5. G. Tilkinson end H. G. Hicks, Phys. Rev. 74, 1733 (1948).

activitios and their propertics was given; the prescnt paper describes
the cxperimental procedures uscd, and the properties of thc new thulium
activitics.

II. BExperimental
A. Bombardments

Where comparatively large quantitics of matorial werc awvailable,
hundred milligram amounts of rare earth oxide were sproad on a ridged copper
target plate, which vwas then covered with 0.2 mil tantalum foil. In all
other cascs, ten to twenty milligram samples of the oxides werce bombarded
on intercertor targets placed in the beam of the 60~inch Crocker Laboratory
cyclotron. The finely powdercd oxide was spread cvenly on a small plat-
inum tray with a grooved inner surfacc, which was silver soldored to a
water~cooled copper holder. The oxide layer was wetted, and a few drops
of dilube sodium silicate solution dropped on top of it. After cvaporation
ond drying under an infra-rcd hoat lamp, the oxide wos very firmly bound in
an cven layer. -Targets so prepared have withstood over a hundred micro-
ampere-hours of 20 Mev dcutcrons without loss. The targets wers covercd

~with 0:2 mil tantalum foil as additional protection.

Bombordments of rarc carth oxides have been made with 38 Mev a-particles,
19 Mev deuterons, and 10 Mev protons from the 60-inch Crocker Laboratory
cyclotron; runs with low cnergy a~particles were made by placing sultable
thicknessos of tantalum foil over the interceptor target. Tantalum, as the
metal foil, was bombarded with 200 Mev decuberons from the 184-inch cyclotron.

B. Chemical Separations

After bombardment, the rarc oarth oxide was dissolved in nitric acid,
and insoluble matter removed by coentrifugation. Carriers for contaminating
activitics likely Yo Le formed from the target materials -~- copper, tantalum,
platinum, sodium silicate, e¢tc. were added, and the rarc carth fluorido
precipitated from hot' 2 ¥ nitric acid solution by addition of hydrofluoric
acid. The washed fluoride was dissolved in o mixturc of concentrated nitrie
acid and saturated boric acid; from this solution, tho rare carth hydroxide
was precipitated by addition of ammonium hydroxide. The washed hydroxide
was. dissolved in nitric acid and a further fluoride precipitation made as
beforc. Throe or four such eycles were made, after which, the hydroxide
was dissolved in a minimum of hydrochloric acid and the solution accurately
adjusted to a known volumce. Aliquots of this solution were taken for dircet
measurcment of radioactivitices, for chemical separation of the individual
rarc carth cloments, dnd for cstimation of the chemical yicld of the bombarded
oxide. Rarc carths were determined for chemical yield measurcment, by
the prooipitation of oxalate, followed by ignition to the oxide, and weighing.

The tontalum, after bombardment with 200 Mov deubtcrons, was dissolved -
in the minimum of nitric and hydrofluoric acids. To the boiling solution was
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added boric acid, Yo complex the fluoride, followed by cerium III solution
as a carrier for the rarc carth activities. After dilution, cxcess hydro-
fluoric acid was added to precipitate cerium III fluoride. The cerium was

- purified by hydroxide-~fluoride cycles as above. To the final solution in
strong nitric acid was added o small quantity of lanthanum (ea. 0.1 mg) and
the cerium oxidizod to the IV oxidation s tate by addition of sodium bis-
muthate. The cerium was then removed by prcoipitation of cerium IV phos-
phate from 3 N nitric acid solution. The lanthanum, with the rarc carth
activities, was recoverod as the fluroide, which wos thon converted to the
chloride for subsequent scparations on the ion-exchango columns.

C. Chemioal Scparation of the Rare Earth Elcments

Chemical scparation of the individual rarc carth clcments was made
by ion-cxchange resin columns, or for curopium, by an amclgam reduction
method. The principle of column scparation involves first the adsorption
of tho rarc carth ions in diluto acid solution on o small quantity of ion-
cxchange rcesine. This rosin is thon placed at the top of a rosin column,

" through which is then passcd a solution of o comploxing agent for the rarc
carths, e.g., armonium citratc. Tho rarc carths arc oluted under strictly
controlled conditions and pass through tho column at various rates;
lutccium is the first to appear in the cluate, followed in sSuccession by
ytterbium, thulium, erbium, cte.

In preliminary experiments to detormine the charactcristics of column
seprrations and optimum scparation conditions fogltho rare carths, both
inactive rarc earths in milligram amounts, and Y adioactivcgiracor werc

-uscd. The former wore determined spcctroscopically and tho ¥~ detcrmined
by its radioactivity.

. 6. Spectroscopic analyscs of tho rare carths werc made in this laboratory
by Mr. J. Conway and Mr., M. koore, to whom wec are greatly indebicd for
their assistance. ' v

P=18-211



57 through 71-2 (page 4)

1. Preparption of the Column. - All column scparations werc made
using Dowcx-50, oi aromatic hydrocarbon polymer containing mony nuclcar

7. W. C. Bauman, Ind. Eng. Chem. 38, 46 (1946); W. C. Bouman and J. Echhorn
J. Am. Chom. Soc. 69 2830 (1947).

sulfonic acid groups. The resin usced was the colloidel agglomerates,

Batch 19891M supplied as the sodium form. The ammonium form of the resin
was preparcd by stirring with saturated ammonium chloride solution; oxcoss
ammonium chloride was removed by washing with water. The resin was graded
to have a settling time of loss than five minutes for five centimeters in
water at room tempercture. The length of the preliminary resin column was
50 cm, with a diamctor of 0.4 cm, but in subscquont runs, it was found that
20 cm x 0.4 cm and 20 em x 1,0 em columns gave adequate separation.

2. Adsorption of Rarc Earths on Resin. - The rare carth solution in
hydrochloric acid was adjusted to give a pH between 0.5 and 1.5, the ionic
strength beiny kept ot o minimum; this solution was then agitobted with
about 0.2 ml of resin added in two or throc succcssive portions. The
solution end rosin weorc agitated at about 7000, but were not allowcd to
stand in contact for morc thon 15 minutes, This prcvents diffusion of ions
into the interior of the asglomersates, and subscquont slow clubion with
poor scparations.

3. Operotion of the Column. ~ The reosin, with the rarc carth adsorbed
on it, was transfcerrcd to the top of the resin column, and the cluting
agent passed through. Thoe cluting agent used was a 0.25 M solution of
C.P. citric acid, accuratcly adjusted to pH 3.05 with ammonium hydroxidc.
Carc was taken to cpproach this walue from the acid side, so that rcadjust-
ment with ccid was not nccessary, sinecc it is important for good scparations
to kecp the ionic strength at a minimum. The flow ratc was approximtely
0.03 milliliter per squarc cenbimetor column arca per minute; with the columns
uscd, of diameter 0.4 cm, and with a drop sizc of about 0.03 ml, this flow
ratc corrcsponded to onc drop in 3.5-4 minutcs.

The gluate was collected in 10 x 75 mm rimloss tcst tubes placed in a
perforated turntablc, which was rotated automatically ot wvarious time sottings,
to placc succccding tubes under the column. Samples were normally collecctod
for 15 minutes. In runs with active materials, allquots were takon with
micropipettes and cvoporated on stainless stcel disks for counting. Aliquots
were also toakon for spectroscopic anclysis of micro amounts of rarc carths
prosent. The amount of rarc carth,, detcrmined cither speetroscopically
or by activity measurcments, wos then plotted against the sample numbor.

This nllows cstimation of the dogree of scparation achicwved. In all
column runs, samplcs collccted before the clution of onc "froc column
volume" were disregarded. Aftcr completion of a column run, any residual
activity or rare carth wes strippod from the column with 0.25 M cmmonium
citrate of pH 7 as cluting agent. After thoroughly washing with water, the
column was again rcady for usc,

After scparation on the column, the rare carths were recovercd by
cveporation of the citratec solution with nitric and perchloric acids with
subscquent ignition. The rarc carth residuc woas thon cxbdracted with nitric
acid and the hydroxide precipitatcd with ammonium hydroxide. If the
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solution containod only %troacor amounts,a small amount of lanthanum was
"~ added as a carricr.

In addition to strict control of thc conditions mentioncd above, it
is also impor tant for successful scparations, that the capancity of the
resin for adsorption of rarc carth ions is not exccoeded. - For thc columns
-described, the maximum capacity corrcsponds to approximatcly 10 mg ond 100
mg of rarc carth oxide, respeetively. Where the starting materials con-
tained significant amounts of other rarc carth impuritics, and purification
was necossary before bombordment, a larger column, which had a capacity
for about 1 g rorc carth oxidc was uscd. Tho arca of the column and the
drop rate werc scaled up from the values usced in the 0.4 cm and 1.0 cm
diameter column runs, thce cmount of citrate flowing through unit cross-scc-
tionnl arca of resin being kept constoant. The progress of any particular
inactive rarc carth through the column could be checked by using radio-
active trocer for a neighboring heavier rarc carth., After clution of the
active tracer, the somple numbers of the desired 1nact1vc rare carbth were
ostimated by comparison with the standard clution curve (Fig. 1). Aliquots
of the samples werce then cexaminced spectroscopically to allow the pure
rarc carth fractions 4o be isolated.

4. Rcsults in Column Scparations. -« In Fig. 1 ig,shown tho "standard
-clution curvo" obtainod with imactive miterials and Y o tracor. It should
be noted that while the lutecium and ytterbium are very closc togcther,
samples from the pcoks of thesce curves have no detectable lines of cach
othcr or of other rarc carths in their specetra. Thus samples of thesc
ncighboring clemcnts can bc obtained in which the scparation factor is at
loast o thousand.

A typical column run on o bombarded sample is shown in Fig. 2, whorc
the brokon linc shows the distribution of radioactivity produccd by 38 lev
alpha-particle bombardmont of holmium oxide. The solid lines show the
distribution of inactive carricrs of luteccium, ytterbium, crbium, and
dysprosium, added as references, and determined spoctrographically.

A further cxamplc of o column scporation is shown in Fig. 3, whore the

rarc carths arc prescent in trocer quantities only. In such cases, scpara-~
tion is generally cleancr and there is less "tailing" of the poaks, than
where macro amounts of rarc carths are separatcd. The activitics shown in
Pig. 3 wcre spallation products, obtnined by the bombardment of tontalum
with 200 Mev deuterons from the 184-inch cyclotron. Lanthanum was uscd
as a carrier for the roadioisotopes. A study of the radiation characteristics
and decays of the peak scmples has shown no cvidence of contamination.

D. Scparation of REuropium

Europium has bcen purificd prior to, and rccovered aftor bombardment
by a modification of McCoy's method.™ The curopium in 6 N hydrochloric
ncid solution was reduccd to the divalent statc by boiling with zinc
amalgam. Rarc ocarths other than curopium were precipitated by carbonate-
frce ommonia using cerium as a carricr. After contrifuging, the super-
natant solution was withdrawn, the curopium oxidized by ozonc, and thon
preceipitated by ammonia. The procodurc was repeated w1th both fractions
to cnsurc completc scparation.

8/16/49
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The Prcparation of Grem Amounts of Spectroscopically Purc Rarc
Earths Using Dowex 50

’

Eloments Purificd:. Pr, Nd, Eu, Gd, Dy.

Sterting Material: The best material commercially available in gram amounts.
Tho starting moterial usually contalned.«/99/ of tho
desircd constituent.

Procodurc by: R. €. Lilly, D. C. Stcwart. DBascd on original data givon
in JACS; 69, 2769-2879 (1947).

Timo for Purification: 2-3 wocks ' =

Equipmont roquired: Lorge column sctup (sce below)
automatic sampler
12 dozen 100 ml centrifuge tubcs
large beakers
sol'n bottles (12 liter sizc)

Yicld: ~s90%

Degrec of Purification: In the case of rarc carths from Ce through Gd,
samples can be obtainced which contain no other
rare corth lines. Above G4, the scparation is

loss complcte.

Advantages: - Large capacity allows preparation of 5 gms of material in onc run.

Description of Apparatus Uscd:e-

Ae Column ’ A ‘

(1) The column is constructed of Pyrcx tubing, 4-6 cm. i.d. and from
50-75 cm in length. The lowcr cnd of the tubc is rounded out
slightly and fitted with o picecc of capillary tubing 3 cm long,
7 mm oede, 2nd 1 mm i.ds 4 small well is loft in the large tubo
just above the start of the capillary to hold a glass wool plug.

(2) The upper cnd of the column is cquipped with a rubber stopper
which has been fittod with o 5 om picec of 10-12 mm glass tubing
and hollowecd out undernecath to giwve o dome-shaped spacc whose. top
is flush with the cnd of the glass tubing. This type of stopper
proevents the accumulation of air at the top of the column.

(3) The glass tube cxtonding up from the stoppor is connccted to a
reservoir bottle by o length of tygon tubing. Provision is mde
for roising or lower the roservoir to regulate the flow rate.

B. Automatic Scmpling licchanism

(1) The usﬁal automatic sampler, providing holes for 60 smnll tubcs,
is revisod by substituting a lucitc top dise cquipped with 30 holes
large cnough for a 100 ml centrifuge tube. Since thosc samplers
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have 60 stops in 6nc comnletc rcvolution, the column is set up
so that cach tubc takes up two turns of the whocl and is under
~ the column for 1/50 of a cyclc.

(2) The sampler is also modificd by the inclusion of a large aluminum
separator between the two discs so thot the largo contrifuge tubes
are supporited necar the top and will not fall out of position.

Goneral Opcrations and Informotion: - '

. oo F .
A. Preparation of NH4 o resin.

(1) Usc 250-500 mosh Dowox 50 . Heat three times at 100°C with 1 1/2
volumes of 4 M NH,Cl. Waosh 8 times with 2 1/2 volumes of distilled
H,0. Aftor c“ch wash discard the supernatant and any fine material
sispended in it. :

(2) Dcns1ty of Dowex 50 = 1.5 gmsj@l drv) givon for rosin
4 gms/ml we :
g s/%l ary)

Apparcnt density in column
gms /ml wot)

from experimental
results

,_\s :’J

= Q.
O
Thus ~ 40% of the column volume is resin.

* Also referred to as "Halcite" and "Ionex". The cffectivo Molccular weight
is 184.

B. Prcparation of Ammonium Citrate Stock Sol'n.

(1) Combinc the following:
12 gms Bokers C.P. prenol
600 gms Yzvrck Reagent grade citric acid
116 ml Roagent grado NH4OH

(2) Dilute to 12 litors with H,0, mixing well.

. - ’
(3) Romowve a smnll sample and test the acidity with a pH meter. It
should be betwoen pH 3.00 and 3.10. If it is not, add NH,OH or
H0104. . .

(4) Citric acid ddata.
Molccular w01p2t of monohydrutc 192
Kl 8.2 x 10 = 1.77 x 10 °; K5 = 3,9 x 10

C. Adsérption of Rarc BEarths on Dowex 50.

-7

U'lll

(1) Dissolve the mtcrial to be purificd in the least possible amount
- of HC10, and dilutc to 50 ml. If tho sol'n doos not rempin clear
on dilubion, add scveral milliliters of conc. HCl and hect the
sample further.

P-18-188
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Transfer the sol'm, having o volymg of 50 ml, uo a 250 ml glass-
stoppered bottle. 4dd enough Bu™ "~ 2895 or HC1l soln

to give a total of ~s 500,000 ¢/m of Du 8 f/ countor. Mix the solfn
well and pipette out 100)\ Dry cond count.

Air dry some of the resin propared as in (&) above, and weigh
out 10 gms for cach grom of rarc carth oxide which has boen
dissolved.

Add this resin to the sol'n from step (2). Paraffin tho bottle

and shoke it mechanically for 1-2 hours. Allow tho resin to

scttle; remove 100 A of the supernatant soln, dry, and count. Com-
parc with the count obtained in step (2) to determine the percentoge
adsorbed. If it is less than 95%, add morc HClO or morc rcsin,

or both, and shakc again.

YWhen the count shows cnough of the matorial to have been adsorbed,
draw off the supcrnatant. Wash the resin with 50 ml of H,0 and

~discard the wash. Thon wash with 50 ml of pH2 amnonium:citratec

saln (proparcd: by adding conc HC1l to some of the soln preparcd
in (B)), and discard this wash. The resin is now rcady to be
slurricd onto the preparcd resin bed.

Plece o small Pyrox slass wool pluz in the woll abowe the capillary
tube and wet it with H,0. Add a slurry of thc resin in gzo

. preparcd as in (4) abo%c, filling the tube to a height o

o~ 20 ecm for Pr, Nd
~ 40 em for Sm, BEu
at least 60 cm for Gd nnd higher rarc carths.

After making surc thot the glass wool plug has not beom misploced,
allow the rosin to scttle for several hours and form a well-packed
bed. ,

Tronsfoer the "hot™ resin containing the adsorbed rare carth material
as prepared in C abovo to the top of the column by slurrying it

.on with a small amount of .pH 2 ammonium citrate sol'n. Ibke surc

that the resin scettle s out in o level band.

Carefully f£ill the column with H,0 and put the rubber stopper in
place so thot all of the air bub%los arc forced up into the glass
tube in the middle of the stopper and flnally out through the
rescrvoir bottle.

Fill the roservoir bottle with the pH 3.05 ammonium citratc sol'n
and allow the liquid to fill tho tygon tubing leading to the column.
Clamp the tubing until rcady for the flow to begin. (Cautionl) Do
not monipulate the tubing in such a woy that a partial vacuum is

~ever croated at the top of the column or the whole resin bed will

be sucked upward, and the glass wool plug will be dislodged.)



(6)

(7)

57 through 71-3 (page.4)

After the automntic sampler has been put in place, start the flow
and regulate it by raising or lowering the reservoir so that the

‘rate is from 4-5 sec/drop (75-90 ml/hr) for Pr and Nd to not faster

than 8 sec/drop (40 ml/hr) for Gd and higher rare earths. Thgse
rates, 40-90 ml/hr, correspond to figures of 0.033-0.075 ml/em® for
a5 cmi.d. column. :

Collect samples as desired. The progress of the rare earths through

" ~the column can be followed roughly by checking the position of

(8)

(9)

(10)

(1)

(12)

Remarks:

1)

the Bu tracer with o sensitive survey meter.

The material being purified is best detected by removing 1-2 ml
from each of several selected tubes, placing the samples in a
smnll beaker and adding a few crystals of oxalic acid. When
weighable amounts of rare earths come through, this test will
result in a turbidity or a sizeable white ppt., depending on
the omount of material. : . :

When 2ll of the desired material has been eluted, as shown by the
above test, and an additional volume has been run through as a
safety factor, stop the ammonium citrate flow and the sampler. -

Determine the beginning and end of the elution peak by testing

as above. Prepare samples for spectroscopic analysisg as desired,
either at both ends of the peak or at regular intervals throughout
its length. In each case pipette 50 )\ of the soln onto a Cu spectro-

.scope electrode and dry. :

On the basis of the spectroscopic analysis combine the bubes into
fractions according to purity. In each case, transfer the solns
and washings to a beaker of appropriate size and boil to ~s 1/3
the volume. Add oxalic acid (1 gm for each 25 ml of soln) which
hes been dissolved in H,0 and heated %o boiling, pouring it into
the boiling sample soln and stirring well. Digest the sample
over low hent with continued st%tirring for one hour. Allow the
ppt to settle, preferably overnight. :

Draw off the supernatant and concentrate the ppt by successive
centrifugings. Transfer the material to a Pt dish by slurrying

with H,0, dry it, and ignite to constant weight at 700° C.

In order to secure spectroscopically pure materianl it is important
thot special care be taken at all times to see that all equipment

is clean and that all reagents used are from fresh containers of
known purity. Since it is difficult to remove all traces of
dichromate clecning solution from glassware, the centrifuge tubes
and beakers used were cleaned with aqua regia instead of cleaning
soln and rinsed very thoroughly. During the run the sampler and
tubes were covered with a large shield to prevent dust from dropping
into the samples; and during subsequent steps all containers were
kept well coversd.

P-18-20 7
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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 lanthanum last. If the same eluting agent is used throughout,
the concentration vs time peaks become progressively broader and
further apart as the lighter rare earths ore approached. This
means that praeseodymium, for example, is relatively easy ‘o
purify, but will be spread through o number of fraoctions; whereas
the heavy rare earths are difficult to purify and are distributed
through fewsr tubes per peak.

(3) The Tompkins-linyer equations (JACS 69, 2859 (1947)) can be used
to calculate theoretical separation curves. They require that the
plates per centimeter be known for the resin, and that the "C" values
(number of free volumes of elutant at the peak) be known for the
individual rare earth elements, The experimental data +taken are
not completec enough to give very accurate figures, but it is
estimnted that the 250-500 mesh Dowex 50 used as described is
equivalent to ~ 16-20 plates per centimeter of column length.
Some "C" values are as follows: Eu £ 16; Sm ¥20; and Pr ¥ 55,

8/16/49
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CHEMICAL SEP.RALTIONS

Elemo.nt separated: Cerium Procedurc by: Newton
Target mterial: Thorium metal (<1-1 gm) Time for sep'n: 1 1/2 hours
Type of bbdt: 60" alphas Equipment required: Standard

Yield: £0%

Degrece of purification: 106 oxcept from other R.E.; probably 103-104 from
other R.E. :

Procedurc: The Th metal is dissolved in conc HCl plus a few drops of .2 M
(W, ),SiF, solution to clear up the black residuc. Tho HCl is diluted
to 2 ﬁ and an aliquot taken.

(1) 4dd 10 mg Ce, La and Y carriers, 8 ml conc. HNO
35 M HIO, solution. . Centrifugec.

(2) Add 11 ml of 15 N NaOH, ppt Cc (OH)S; Wash once with dil NaOH.

3 and _15—20 ml

(3) Dissolve ppt in 2 ml 6 ¥ HCl. Dil to 10 ml. Add 2 ml 27 N HF.
Ppt C'OFS, discard supcrnate. :

(4) 4dd 1 ml sat H,BO, and 8 ml conc. HNO,. Vhen dissolved add 1/4
gm KBrOs. Ppt iogo.to by adding 20 ml HIO, soltn. '

(5) Dissolve ppt in 1 drop conc HC1l and 3 drops H,0, and repeat
iodato pptn. o )

(6) Dissolve iodate in 1 drop HCl and add & ml cone. HNO and 10 mg
Zr carrior. Add HIO, to ppt Zr(103)4’ let stand 5 min. Centrifuge.

(7) Add 10 ml 15 N NaOH, ppt Ce (OH)S.

(8) Dissolve Co(OH), in 1 ml 6 N HCl. Add HySO, to reduce all I0; to
I. Add NH,OH %o ppt Co(0HT,.

(9) Dissolve Co(OH), in 1 ml 6 MHCl. Dil to 15 ml H,0, boil. Add
156 ml s_at-HzcrOﬁ with stirring. Cool in icc bath just 10 min.

(10) Pilter, wash threce times with 5 ml H, 0, threc times with 5 ml
: EtOH, threc times with 5 ml Et,0. Dry by evac. 2 min., release,
‘2 min., rclease, 3 min., weigh“as 002(6204)5-10H20. '

Remarkss

This method has been doscribed previously (Phys. Rov. 75 17 (1949)).

Preparation of carrier solution: Dissolvo 31.0 gms Ce~(1\103)3Q6H20 in
water and dilute to onc liter. :

Standardization: Take 5 ml carricr. .dd 20 ml H,0. Heat to boiling

oo

and 233 5 ml saburated oxalic acid. Cool in an icc bath for just 10 minutes.

P-18=277
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Filter through o fine sintered glass cruciblc., Wash and dry with 5 ml
Hzo, 3-5 ml portions 95% EtOH, 3-5 ml portions Et,0. ZEvacuate 2 minutes,
releasc to air,cvacuave 2 min., rclease, cvocuate, rcloase (cvacuate throoe
minutes). Yoigh as 002(0204)5o10H20.

The method is quite empirical. The Rare Barth ppts arc woighed as
the following compositions when dried in the above standard mannecr.

La2(0204)3#8H20
002(0204)3310Hzo
Pry (€50, )5 ;QHzO
Y,(C,0,),*TH,0

Eu,, (C,0, ) *10H,0

8/23/49
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Yield:

58~2

CIEMICAL SEPARATIONS

Element separated: Cerium Procedure by: Goeckermann
Target material: w1l g Bi metal Time for sep'm: few hours
Type of bbdt: 184" all particles - Equipment required: Centri-

fuge, tubes, .lusteroid
cmwml%Stm&,M{tmk,
ozone generator.

Ce approx. 30%

Degree of purification: Ce decontamination factor > 104 from fission &
spallation products. '

Advantages: Good for separating small amounts of Ce & Eu activity from
large amts of non-RE activities.

Procedure:

Cerium and europium were purified together and then Separated

from the other rare earthse.

(1)

(@)

(s)
(¢)

(5)

(6)
(7)
(8)
()
(20)
)

(12)

Remarks:

To aliquot of HNO, soln of térget add 20 mg Ce, Bu, and Y. IMake
2N in HCl with Zr, Cb, and Sr present and precipitate RE fluorides.

Dissolve. and reprecipitate RE fluorldes from 2 N HNO with Zr
and Cb rresent.

Scavenge twice with B:'LZS3 and RuS from 0.5 N HC1.
Precipitate RE hydroxides twice with I\THS(COS-2 freg) and Sr present.
Precipitate RE fluorides from'ZE HC1 twice with Zr and Cb prgsent.
Scavenge with B1285 and RuS from 0.3N HC1..

Precipitate RE hydroxides with NH3 three times with Sr present;
Precipitate 3E oxalates from dilute_HCl..

Precipitate RE fluorides from HNOs.

Repeat (7).

Displace air with O and Co, free N s> reduce with Zn amalgam,
precipitate Y(OH), and Ce(0§ w1th NH, . Dissolve and reduce

again, reprecipitite hydrox1desa

DissolVé”hydroxides, precipitate Ce (I0 ) twice, then Ce (PO

three times. Precipitate CeF_, from HC% metathesize to e(Oﬁ)

dissolve in HCl, precipitate 8e(OH) with NH,. Dissolve in HC
leizh as Ce2(0204)3‘10H20(25 84 mp per 10 mg Ce)e.

In these bbdts, the amount of Y activity produced was > lO3 times

the RE activity. 1-2 mg of holdback carriers or scavengers are used.

8/24 /49
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CHEMICAL SEPLRATIONS

Eloment scparated: Samarium Procedure by: Ballou, Newton

Target material: Thorium metal (.1-1 ‘gm) Time for scp'n: ~y 2 hours
Typc of bbdt: 60" alphas Equipment required:  Purified

tank N2(02 & CO, freec)
Yield: 5-25%
Degree of purification: undetermined

Procedure: The Th metal is dissolved in conc HC1 + a fow drops of .2 M
(WH,),SiF,. solution to clear up the black residuc. The HC1 is diluted
to % N and an aliquot taken.
(1) .dd 10 mg o™ and Eu+3 carricr + 10 mg Sm'l.3 carricr, 5 ml conc.
'~ HNO, and 4 ml 27 M HF; dilute to 35 ml, contrifugo and wash with~v 10
nal ﬁzo + scveral drops HF. -

(2) Dissolve ppt in 1 ml sat H BO, + 3 ml conc HNO,, dilute to n0*20 ml,

' add 2 ml 27 M HF, contrifuge dnd wash as in (1‘3

(3) Slurry ppt of (2) with 1 ml sat H,BO solution and dissolve in
8 ml conc HNO,. .\dd 0.2 gm KBroQ, + 30 ml 0.35 M KIO, sol'n; cool
and stir 2 minutes. Contrifuge %. wash with Hz_(')'. (épt contains
Ce and Ths) _ '

(4) Add 12 ml 19 I HaOH %o supn, cool and contrifuge. Dissolvo pph in
conc. HCL + HZSOS’ dilute to 30 ml, add conc. NH4OH, centrifuge
and wash.

(5) Dissolve ppt in 3 ml 6 N HC1,dilute, add 5 mg La holdback carrier,
and reppt with NH4OH;- centrifuge and wash.

(6) Dissolve the Sm('OH)3 & Bu(OK), with & minimum of ¢ N 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 3 to 4 ml Na
amalgam (0.3%) (Note 1). ‘

.(7) Shake for 5-10 seconds (Note 2) and transfer the Hg layer to a
second separatory fumnel containing ~s 30 ml water. Shake and
then transfer to a third funnel also containing rv 30 ml water
(Note 3). Shake and transfer to a fourth funnel containing
rns 20 m1 2 N HCl. Sheke until H, evolution ceases (Note 4)

(8) Collect the Hg in a recovery bottle and -pass the water layer into
a centrifuge tube. Add 5 mg lLa holdback carrier and precipitate
with concentrated NH4OH. ' o

(9) Repeat - . . steps (6-8) twice (Note 5).

(10) Dissolve the Sm(OH), and Eu(OH), with 1 ml 6 N HCl and transfer

%o & 50 ml constricted neck centrifuge tube (BKH:: 20972)
containing 0.5 gm amalgamsted Zn.

P-18-271 : '



62-1 (page 2)

(11) Dilute to ~J8 ml, and heat the mixture with stirring using as
a stirring rod a drawn out tube through which is passing a -
stream of carbon-dioxide free and oxygen free nitrogen (Note 6).

(12) Using the same tube as a stirring rod, place the centrifuge tube
in an ice bath and add carbonate-free NH, OH %o precipitate the
Sm(OH),. Close the tube with & tight fl%tlng rubber stopper
and centrlfuge.

(13) Decant into another tube and test for Bu by passing in ozone.
Continue extracting EBu from the Sm as described above untll
no more . Eu appears in the centrifugate.

(14) Add 1 mg more Eu to the Sm(OH) and repeat steps (10-13). (Save .
all Bu residues.)

(15) Dissolve the final Sm(OH), with & minimum of 6 N HCl (not over 1 ml),
dilute to ns 15 ml, heat with stirring, and add 10-15 ml hot
saturated oxalic acid with stirring. Filter through a filter
circle on a Hirsch funnel, and wash twice with dllute oxalic acid,
once with water, and once with alcohol. Ignite the sample and

"mount for counting.

Notes

1. The Na should be cleaned with ether and be allowed to dry before adding
to the Hg. The amalgamation of the Na proceeds with considerable heat =
evolution, causing some volatilization of the Hg. Consequently, the
preparation of the amalgam should be done in the hood under nitrogen.
The residue which is also formed can be removed by filtering the amalgam
through & small hole in a 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 water and air but decomposes
readily in acid solutions.

2. Shaking much longef causes complete destruction of the Na. This should
be avoided. On the other hand, sufficient time must be allowed for the
Sm to amalgamate completely.

3. No Sm is lost in the water washihgs. Hence these may be discarded.

4. Sm (and Eu) are completely removed by 2 N HCl. None of the other rare
‘earth fission products are extracted in this step. If the yield of
Sm appears low, add more amslgam 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 frgm the tank is passed through a tube containing Cu
heated to ~» 400" C. CO, is removed by passing the N, through an Ascarite
tube. Reduced Eu is redadily oxidized by oxygen and ﬁence oxygen must
be excluded. Carbon dioxide forms insoluble carbonates and must also
be avoided, ' '

P=18«270
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See: L. Vinsberg, Paper 195 Radiochemical otudles The Fission Products,
Volume 9, Div. IV, of the National Nuclear Energy Series, MCGraw-Hlll
Publishing Co. (1950).

This mothod has been described previously (Physe Reve 75 17 (1949)).

8 /23/49
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CHEMICAL SEPARATIONS

Element separated: Buropium - Procedure by: Newton
Target mterial: Thorium (metal) . Time for sep'™m: 4 hrs.
Type of bbdt: 60" a's Equipment required: Tank N,

Yield:

(02 and CO, free)

40%

_Degree of purification: 106 except from R. E.; lO4 from R. E.

Procedure:

The Th metal is dissolved in conc HCl + a few dro;s of 2 U

(NH, ),SiF, solution to clear up the black residue. The HCl is diluted

to

(1)

(2)

(3)

(4)

2

(6)

(7)
(8)

(9)
(10)

(11)

P-18-i75

ﬁ ané an aliguot taken.

To aliquot add 10 mg Eu+++ and 10 mg Co™** carriers. Add 8 ml

conc HNO, and 20 ml 0.35 M HIO; soln. Ppt Th(103)4. Discard ppt.

To centrifugate add 19 M NaOH ppt Ce (OH), and Eu(OH),. Centrifuge
\ . ) 3 3
and wash ppt once with Hzo.

Dissolve ppt in 8 ml conc HNO,, add 2 ml Zr and 20 ml HIO; ppt
Zr(IOS)4. Centrifuge and diséard ppt.

Add 19 M NaOH to ppt Eu(OH)5 and Ce(OH)S. Discard supernate. Wash

pps once with Hzo.

Dissolve hydrozides in 1 ml 6 N HCl, Add 10 mg each Ba ond Sr
carriers, Pass in COZ free NHS’ ppt hydroxides.

Repeat (5).

Dissolve ppt in 1 ml HCl. Add Cb and Zr carrier and 3 ml 27 NHF.
Pps CGFE + EuF,, W¥azh prts once. '

Dissolve ppt in 1 ml 6 N ECl and 1 ml sat HSBO
Wiz s Ppb RE(OH)S.

3% Dilute, pass in

Dissolve RE(OH-)3 in 1 ml 6 N HCl. Pass in M, ppt RE(OH)S.

Dissolve RE(OH)3 in 1 ml 6 N HCl., Add 0.5 gm Zn(Hg)., Dilute to
5 ml, pass in pure N through stirring rod. Heat, stirring with
rod through which gis is passing. Place in ice bath and pass in
NH, to ppt Ce (OH). Stopper tube and centrifuge. Pipette off

. supernate, to another tube.

Dissolve ppt in 1 ml 6 N HCl, dilute and repeat (10).
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(12) To combined supernates of 10 and 11 add 1 drop NaOCl (6%) or

(13)

Remarks :

(1)

)

N, gas must be O

pass in ozone. Ppt Eu(OH),. Centrifuge. Dissolve in 6 N
HCl and repeat 10, 11, and 12. -

Dissolve Eu(OH), from (12) in 1 ml 6 N HCl. Dilute to 10 ml.
Heat. Add 10 m! saturated H €,0, and place in ice bath 10 mins
Filter on weighed filter paper and wash three times with 5 ml Hzo,
three times with 5 ml EtOH and three times with 5 ml Etzo.
Evacuate and weigh.

o
5 and C02 free.

Save all Eu residues, aotive or not. Eu is extremely rare and
hard to get. '

- This method has heen described previously in Phys. Rev. 75, 17 (1929).

8/11/49
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Preparation of Buropium Carrier

'~ 1.5 gms of europium oxalate originally prepared by MeCoy was purified.
There are both a and 8 activities associated with this Eu and it is necessary
to separate it in order to obtain a good carrier solution.

The process was:
(1) EuGo)ienited and dissolved in Hel.

(2) NH4OH passed in to ppt Eu(OH)S.

R

(3) Bu(0H), dissolved in 10 ml'16 X HNO,,zr' carrier added.

(4) HIO'3 added to ppt Zr(IOs )4 carrying all Th impurities.
(5) 19 N NaOH added to ppt B2 (OH) . '

(6) Eu(OH), dissolved in 6 N HCl. Ba*" added and H,50, added while

hot ‘cosppt BaSO,, carrying Ra and MgTh activitiés.

(7) Eu(OH)3 pptd with NH OH, washed and dissolved in dilute HC1.

(8) Zn(Hg) added to reduce Eu with N, bubbling through solution. Then
NH, passed into ppt R. E. and Ac hydroxides. Ppt redissolved in

- acidiand recycled since some Eu not reduced.

(9) Eu'" oxidized with ¥aOCl and ppt'd as hydroxide, washed and dissolved
in HCl as carrier,

Standardization of Carrier

Take 2 ml carrier solution, heat and ppt oxalate with H C 0,. Cool 10
min in ice bath, filter. Wash three times with 5 ml H,O, three %unes with 5 ml
EtOH and three times with 5 ml Et,0. Dry by evacuation, Weigh as the oxalate.
Ignite to oxide and weigh as the Gxide.

Eu2(0204)3-10 H,0 (24.6 mg per 10 mg Eu).

A. S. Newton

pATAT
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CHEMICAL SEPARAT IONS

Element separated: Europium Procedure by: Goeckermann

Target material: ~ 1 g Bi metal ‘ Time for septn: few hours
Type of bbdt: 184" all particles Equipment required: Centri-

Yield:

fuge, tubes, lusteroid cones,
HBS tank, NH tank, ozone
geénerator.

Eu approx. 15%

Degree of purification: Eu decontamination factor > 104 from non-RE fission
and spallation products.

Advantages: Good for separating smll amounts of Ce & Eu activity from
large ambs of non-RE activities.

Procedure:

Cerium and europium were purified together and then separated

" from the other rare earths.

(1)
(2)

(3)
(4)

(5)
(6)
(7)
(8)
(9)
(10)

(11)

(12)

8/24/49

VWleigh as Eu (C ) «10

To aliquot of HNO, soln of target add 20 mg Ce, BEu and Y. lMake

2N in HC1 with Zr, Cb, and Sr present and precipitate RE fluorides.

Dissolve and reprecipitate RE fluorides from 2N HNOs with
Zr and Cb present.

Scavenge twice with BiZS3 and RuS3 from 0.5 ¥ IHC1.
Precipitate RE hydrox1des twice with NH, (CO -2
present.

free) and Sr
Precipitate RE fluorides from 2N HCl twice with Zr and Cb present.
Scavenge Wlth B:LZS3 and RuS from 0.3N HCI. |
Precipitate RE hydroxides with NH5 three times with Sr present.
Precipitate RE oxalates from dilute HC1.

Precipitate RE fluorides from HNOs.

- Repeat (7).

D1Sp1ace air with O and CO free N s reduce with Zn amalgam,
precipitate. Y(OH) and Ce(Oﬁ) with? NH. Dissolve and reduce
again, repreclpltate hydroaldes. ' :

Eu - Oxidize supernatants from hydroxide Dreclpltatlons with ozone,

preclgétate Eu(CH), with NH,. Dissolve in HCl, add Ce, recduce

to Eu ~ and precipitate Ce(bH)3 Repeat separation cycle three

times. Precipltate Eu (C 0 ) like Y, (¢ 04)5 and treat similarly.
ﬁ %4 6 mg per 10 mg"Bu). Sce (58-2) for

corium soparatlon from tho samg target. In thesc bbdts, the amount

“of Y activity prpducod wass 10° timos tho RE activity. 1-2 mg of

holdback carriers or scavcngors arc usocd, P~18-263
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CHEMICAL SEPARATIONS

Element separated: Hafnium g Procedure by: Hicks,
' ' Wilkinson

Target material: Lu Time for sep'n: 1/2 hr.-1 hr.

203

Type of bbdt: 60" or 184" Equipment required:
lusteroid tubes

Yield: Very good

Degree of purification: wvery good

Procedure:

(1) Dissolve Lu in dNO s 2dd carriers (see remarks), transfer to
"~ lusteroid, Eeat in wauer bath and add § cc conc. HF. '

4

(2) Digest LuFé, centrifuge, add several mg la to ppt IaF,, digest,

centrifuge. 5
(3) Make 3 N in HNO, and HF (sol'n at room temp, singe BaHfF, will not

dlssolve if precipitated hot.) and add enough Ba'' in the cold

%o ppthaHfF VWash with water.
(4) Dissolve in HN03-H3BO5 mixture (8-10 M HNO, saturated with H BOS)
precipitate_HfOz with NH4OH, centrifuge and wash.

Remerks: About 20 mg samples of Lu 0 heve been bombarded. Holdback carriers
added in (1) can include & mg portions of as many elements forming
soluble fluorides as thought necessary by the conditions of the
bombardment. Zr can be used as carrier for Hf.

A

The BaHfFé precipitation described here is specific for Hf and Zr.

6/25/49
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Element

Target material:

CHEIICAL SEPARATIONS

separated: Hafnium

Ta, HfOz,

bbdt: 60" or 184"

T2-2

Hicks,
Wilkinson

Procedure by:

Time for sep'm: 1/2 hr.-1 hr.

‘Equipment required:

Platinum dish
lusteroid tubes

-

transfer to lusteroid tube

¢«

to ppt LaF,, centrifuge,

and HF, making sure solution is at room

Wash with

saturated with

Type of
Yield: very good
Degree of purification: very good
Procedure:
(1) Dissolve W, Te, and Hf0, in HF and HNO
and add carriers. (See“remarks.)
' m
(2) Heat in hot water bath, add several la
repeat Lan ppte
(3) Make supn 3 ¥ in HNO,
temperature for BaHf§ will not dissolve if precipitated hot.
Add enough Ba'' to comnletely preclpltate BaHfF
dilute HF and then water
(4) Dissolve BaHfF in HNO,-H,BO, mixture (8-10 Y HNO

Remarks:

6/25/49

P=18u12:

HSBO )s Dreclﬂltabe Hfds w1th NH OH, centrifuge and wash with water.

Gram amounts of W and Ta are usually bombarded. HfO2

about 20 or 30 mg samples.

is bombarded in

Add any holdback carriers (of elements forming soluble fluorides

and Zr) necessary here in mg amounts.

for HTf.

Zr can be used as carrier

J

- The BaHfF6 precipitation described here is specific for Hf and Zr.
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CHEMICAL SEPARATIONS

Element separated: Tantalum _ ' Procedure by: Hicks,
' B ' Wilkinson
Target material: Lu203 ‘ Time for sepf'n: 1/? hr-1 hr.

Type of bbdt: 60" or 184" Bquipment required:
: lusteroid tubes

Yield: wvery good

Degree of purificati6n: very good

Procedure:

(1) Dissolve Lu20 in HNQ,, transfer to lusteroid tube and add Ta carrier.
(Tazo5 may ppé but will dissolve in HF) '

\

(2) Heat sol'n in water bath, add 5 c¢c conc. HF, digest for 2 - 3 minutes
until Ta205 dissolves and flocculent WFs procipitates.

(3) Centrifuge, add several mg La' ', digest flouride as above and
centrifuge. ‘ :

(4) Make basic with WH,OH to ppt Ta,0..

6/25/49
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 CHEMICAL SEPARATIONS

Element separated: Tantalum

Target material: W’Ta,Hf

Type of bbdt: 60" or 184"

Yield: wvery good
Degree of purification: very gooa

Procedure:

T3~2

Procedure by: Hicks,
Wilkinson

Time for sep'n: 1/2 hr.-1 hr.

Equipment required:
Pt dish, lusteroid tubes

(1) Dissolve W, Ta or HfO, in HF and HNO, 'in Pt dish.

(2) Transfer solution to lusteroid tube and add any holdback carriers
necessary. (Zr works well as carfier for Hf). Ilkke solution
3N in INO, and HF. Add enough Ba ~ to ppt white BaHi’F6 comple tely,

centrifuge, and repeat.

(3) Saturate solution with solid KF or KHF, to ppt K, TaF, (white),
centrifuge, and wash with conc. KF solgn.

‘Remarks: - W and Ta usually bombarded in gram amounts, Hf usﬁally in lots

of 20-30 mg.

Thié KéTaF7 pptn specifiec for Ta and will not carry down Cb,

6/25/49
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CHEMICAL SEPARATIONS -

Element separated: Tungsten o : Procedure by: Hicks,

' : Vilkinson
Target material: funtalum ' Time for sep'm: 1/2 hr.
Type of bbdt: 60" or 184" Equipment required:

' Sep., funnel
Pt dish
Yield: « 100%
Degree of purification: Separates 105 C/h completely from Ta and spallation

Procedure:

(1)

(2)

(1)

Remarks:

6/25/49
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complex all HF as HBF4-in tha% order.

products.

Dissolve To in HF and minimum of HNO .« Add 20-30 mg W carrier
(Vo less).

Destroy all HNb with hydroxylamine or hydrazine. lMike about 2N

in HCl, add 0.1 gm solid SnCl,_, 0.5 gm.NH4SCN, and HSB O3 to

Heat until a bright apple green complex appears, transfer to a
sep., fumnel, and extract twice with at least equal volume ethyl
acetate.

Wlash organic layer twice with equal volume 2 N HCI, and evaporate
organic layer to dryness.

Take up the blue residue with 6 ¥ HC1 and 1 drop 30% H,0, (or
conc HNO,) and 1 drop aerosol. Bright yellow WO preclpltates
after digestion on o hot water bath.

Centrifuge and wash 710, with 6 N acid. Then dissolve in 1 cc
6 N NH,OH, centrifuge and discard any ppt. Ferric hydroxide
scavengcs (with 1/2-1 mg Fe'*") may now bé used for further
purity but usually are not necessary.

Add 5 cc conc. HNO, and 1 drop of aerosol, digest on a hot water
bath, centrifuge and wash Wog-formed with 6.§ acid.

WFG boils at 19° C so don't boil target sol'n any more than necessary.
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CHEMICAL SEPARATIONS

Element separated: Rhenium ' Procedure by: Hicks,
: Wilkinson
Target material: Ta, W Time -for sep'™m: 1/2 hr.
Type of bbdt: 60" or 184" : Equipment required:
Pt dish

lustercid test tubes
Yield: v 100%
Degree of purification: very good

Adventages: Fast and easy with good purification

Procedure:

(1) Dissolve W and Ta in HF with a minimum of HNO5 in platinum disk,
and Re carrier added. . '

(2) H,S is passed into the boiling solution for 15 minutes precipitating
black Re287. Centrifuge and wash in a lusteroid test tube.

(3) Dissolve Re,S, in 3 c¢c 1 1M NaOH and 1 drop 30% H,0, and transfer
to glass centrifuge cors. :

(4) Scavenge twice or three times with Fe (0H), (W1 mg 12D

(5) Reprecipitate Re S, from strong'HCl solution (add 10 cc¢ cone. HCL),
centrifuge and wdsh. ' '

(6) This procedure gives excellent purity, but for additional purity,
the sulfide can be transferred to a still with HéSO and the
volatile oxide distilled in a current of air and ca%ehing the

~distillate in concentrated NaCH,

6/25/49
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CHEMICAL SEPARATIONS

- Element separated: Osmium '~ Procedure by: Folger & Hicks
Target material: Vi 4 g uranium metal Time for sep'n: v»h 2 1/2 hr.

Type of bbdt: 184" all high energy particles Equipment required: Glass

stills ("Ruthenium Stills").
centrifuge, cones, ice bath,
reflux condenser.

Yield: v 30%

-Degree of

purification: v 104-105 from other fission products.

Advantages: Fairly rapid, simple method of obbtaining 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:

(1)

(2)
(3)

(&)
(5)

(6)
(7)

(8)

(9)

P=18-13%

HAVE NO NOS- PRESENT BEFORE STEP 3.
Use W20 mg. Os carrier and dissolve target in conc. HC1l under
reflux. Addn 5 mg Ge carrier and boil with conc. HC1 (G6014 is
driven off.). :

Add I~ and 103' (slight x's "~ 1.”) and boil to remove I,.
Add conc. HNO, (Sol'n is already U\ 10 N in H'. Add HNO, %o make
itV 6 N in o “) and distill in-an air stream. Catch 8504 in

6 N NaOH in an ice bath. (Gives orange sol'n).

Pass in H,S to ppt 0sS (Elack). Acidify with conc. HCl to ¢«n 1 N
and centr%fuge. Wash (Use Aerosol and heat to aid coagulation.
Addition of KNO; might help).

Dissolve sulfide in conoc. HNO, and redistill (distillation should
proceed from 8-10 N HNO, in ah air stream)., Catch 0s0, in 6 N
NeOH in an ice bath, :

Repeat 4. (The wash may be made with t» 1 N HCl if desired).

Dissolve the sulfide in conc. HC10,. Add Mo holdback (¢n 5 mg)
and 2 cc conc. H,PO, (complexes Mb%. Distill in an air stream,

catching OsO4 in56 ﬁ NeOH in an ice bath.

Repeat 6 and 7.

Meke slightly acid with HCl. Reduce with Mg metal to some lower
oxidation state of Os (to prevent loss of 0s0,). Boil. Add Mg

and HCl as needed to completely ppt Os metal. BExcess Mg may be

removed by washing with warm 2-6 N HCl., Weigh as Os metal.



Remarks:
(1)

(2)

(3)

(4)

8/4/49
Pﬁg -13%
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CAUTION 050, is exfremely toxicl

4
In step 4 an atitempt is made Yo remove most of the €1~ from the
sulfide so that upon dissolving and distilling, GeCl4 will not be
carried over, This should no longer be necessary in step 6.

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.

If Iodine is a likely contaminant, repeat step 2.
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CHELICAL SEFARATIONS

Elément separaﬁedq Osgéum ' Proceflure by: Chu
Target mafeﬁiﬁl: Rhenium | | Pime fof sep‘nibd 20 min.
Type of bbdt: 60" Iquipment requireds

Distilling flask
Yield: ~ 100%
Degree'of purification: Factor of 100 from other activities present.
Ldvantazes: Simple |
Procedure:
(1)’ Pour ﬁhe Re pouwder inté the distilling flask.
(2) Add 10 ﬁg Os carrier and close the flask.

{(3) Imsert the outlet tube of fhe flask into ice cold 6 N NaCH soln
(10 c¢)

(4) Introduce 3 cc conc HNO3 through the inlet tube of the f{lask.

(5) Supply o little air through the inlet tube and heat the flask
gently for the solution of Re and the distillation of 05_04 for
about 10 min. : v v

(6) Neutralize and then acidify the NaOH soln with 6 N HCl.

(7) Add 3 oc 10% sodium thiosulfate and heat in water bath.

(8) Filter and count as the brown osmium sulfide.

Remarks :

For iridium separation from same target see (77-4).

§/1 7/49
Pebegss .



77-1
Solution of Iridium metal
Place Ir in giass borlb tube of 10 ce. wolume cooled in liquid NZ'

Add' 5 cc cone. HC1 and 0.5 gm NaClOs. Seal tubevwith other end in

7

liquid Nz and allow to warm to room temperature. Heat in furnace SOOOC for
3 hours. Ir metal is dissolved ‘o the deep red Ir016=.
Approximate tube dimensions:

k- o

1
;\\\\\\‘\\\\\\\\\X\

" At
15mm K : VATV TNy —
heavy _ :
walled - 8 or 9mm heavy
tubing

\ . A walled tubing
\\\\\\\\\\\\\\RKWSEﬁs

F oty y

Caution: Place tube in iron pipe plugged at both ends upon removal from

liquid Nz; Danger of tube exploding during the heating.

Remarks: See E. Wickers, W. G. 3chleect & C. L. Gordon

J. Nat. Bur. Stand. Research 33, 363 (1944)

Hicks and 7ilkinson

P=18=27
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CHEMICAL STPARATIONS

Element separated: Iridium Procedure by: Thompson &
Rasmussen

Target material: Iridium foil ' Time for sep'n: 1 hr.

Type of bbdt: 184" protons (any energy) Enquipment required: Small

porcelain crucible.
transfer pipettes, centrifuge
tubes

Yield: WW50% (depending on step 3)
Degree of purification: At least factor of 100.

Advantages: A simple, reasonably fast procedurc for solution and separation
with a target metal (Ir) oxtremely resistant to dissolution in aqua
regia.

Procedurc:

(1) DMeke a melt of KOH and KNO, (approx. 50-50, not critical) in a
small porcelain crucible, geating strongly over a Fisher burner.

(2) To this hot flux add the target Ir metal, continuing to heat

' (and adding KOH if volume of flux gets too small) until the metal
is completely dissolved. (For a small strip of 1 mil foil this
should take no longer than 5-10 min.)

(3) Allow flux %o cool, then leach for w5 min. with cone. HC1l, adding
Au and Pt carriers in small amount. (Ir gives strong blue colored
sol'™) .

" (4) Extract twice with othyl acetate to remove Au.

(6) Add a little SnCl, solution in HCl %o the aqueous phase until a
dark red coloration (H,PtCl,) indicates the reduction of Pt from
+4 to +2 state is complete.  (See remarks.)

(6)i Extract the red coloration (Pt) into ethyl acetate. Thash organio
layer twice with equal volume of 3N HCl.

'After complete removal of Au and Pt, Ir can be extracted as follows:

(7) Reoxidize the aqueous phase from above by add%fion of a small
amount of 30% H, 04 (Reappearance of blue Ir = coloration.)

(8) Add a little NH, SCN solution. (Blue changes to beautiful pink.)
A precipitate of (Ir)_(SCN)_ forms slowly. (The rate of pptn is
slow encugn that one ﬁay mo¥e use of the fact that the pink compound
is extractable into ethyl acetate.)

P=18~114.
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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 allowed to stand. '

The pink compound ppts from the ethyl acetate on standing.

A

Remarks:

As most Ir foil contains about V1% Pt impurity, it is well to provide
a step for extraction of Au activities, whethér or not the Au is desired
for later work, even if it is simply a proton bombarded Ir foil,

On SnCl, reduction the strong blue coloration of Ir(+6?) disappeafs,
permitting the red of reduced HthCl4 to be seen.

By spending morc time leaching the melt in (3) and by using several
portions of leaching agent the chemical yields might be made almost
quantitative. '

| 7/2%/49
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CHEMICAL SEPARATIONS

Element scparated: Iridium Procedure by: Giolfe

Terget mterial:  Uranium metal (~+ 1 gm) Time for sep'n: ~sl l/@ days
when scparated with
Pt and Rh

Type of bbdt: 388 llev alphas Equipment required: Special

distilling flask,
centrifuge, scp. funnels

Yield: 3-5%

Degree of purification: 4t least 104 from 2ll fission products except
rhodium. '

Procedure:

(1) Cut out the central'portion of the target ond boil with conc HC1
to dissolve it and to expel Ge.

(2) 4dd 5mg I and 10, " and boil the solution agrin to expel iodine.

(3) Add 20 mg Os, Ir, Pt and Au carriers plus 20 mg Bz, Ruy FRh and
Pd carriers. Withdraw a 20% aliquot for later determinations of
Ba, Ru, and Rh.

.(4) Place the remnining solution in o special all-glass distilling
flask having o thistle tube entry and an air entry. Add concentrated -
HNO, through the thistle tube, and distill 0sO, into 6 N NwOH in
an Yee bath. (Save for Os determination (76~ 1%

(5) Place the residue from the Os distillation in a beakcr, add 10
ml 70% HClO and boil the solution to fumes of HCIO to expel Ru.

(6) Dilute the solution, add 5 mg more Ru carricr, and 5 mg more I and
‘ 10, and repeat the fumlng.

A

(7) Add onc ml dilute HC1l, dilute the solution to 4 N and extract twice
with equal volume butyl acetate to docontaminate ~from Hg ﬁnd from
Au.

(8) Dllute the solution to ~/ 0.5 X in H, add 5 ml dimethylglyoxime
solution (1% in alcohol) and fllter off the pwlladlum rpt.

(9) Add conc HCL to supn to make ~/5N. Add SnCl dropw1sc until the
. - 2
cherryred of Pt is apparent.

(10) Extract the Pt with threc equal portions of butyl acetate.

(11) Fume the aqueous layer with HC10, to prepare for the pyridine
extroction of Rh and Ir. (CAUTION: Sime the solution contains
organic matcerial (dimethylglyoxime and butyl acctato), care must
be token to avoid an explosion. Following tho method of T Noyes
and Bray for dostroying organic material with HC1O0, add HNO, to
the solution, evaporate on o steam bath for ono-hﬂ%f hour, %hcn

I3

P~18=249
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heat gently to fumes of HC10,. Add an additional 10 ml of HC1O
and fume thc solution strong%y for several minutos.to destroy %he
chloride complex of Rh and Ir. :

(12) Codl'thc solution, dilute to 4 N and add 20 ml pyridine.

'(13) Boil the solution for five minutes, place in a seporatory funnel,
and add 19 N NoOH to separate the free-base pyridine layer (the
high concentration of NaOH is merely to keep the volume low.)

(14) Wash tho dark blue pyridine layer threc times with equal volumes
of dilute HCl, soparating the layers cach time with 6 N NaOH.

a (15) Add a fow drops of 6 N NaOH to the pyridine layer and evaporate
the pyridine off.

(16). Pass H,S into the boiling alkoline solution for several minutes,
while The solution is acidified dropwise with HCl. Sulfides of Rh
.and Ir ppt.

(17) Dissolve the ppt in a little aqua regia, and fume strongly with

conec sto4 to convert completely to thoe sulfate complex.

(i8) Dilutc the solution with water twenty to one, boil and ppt Rh metal
" by adding TiCl3 dropwise until o very slight excess is prescnt.

(19) Dilute the supn (containing Ir) to 0.5 N in HE'; cool in ice and
ppt Ti with cupferron. Filter off,

(20) Add 5 mg Pd and Pt carriers and ppt the Pd dmg. Discard.

(21) Hecat the supernatant to boiling and neutralize to the brom cresol
purple ond-point with NaHCO, solution, adding bromate to -oxidize
. the iridium up to the plus four state. Hydrated Iroz is precipitated
loaving Pt in solution. . .

(22) Dissolve the ppt in a little conc HCl, and add a fow mg of Rh carricr.

(23) Fumc with H,S0, and repeat the Rh pptn with TiCl, (steps 18-21).
Although thS TiCl, pptn of Ra lgaves only about 8.1% of the Rh in
solution, Rh activity may be 10~ times as high as that of Ir
and hence a single scparaotion may still leave several times as much
Rh activity in solution as Ir activity.) :

(24) After the Rh pptn, ppt metallic Ir from the HCl solution of the
Iroz'by addition of powdecred magncsium.

(25) Weigh the Ir to determine chemical yield and count.
Remarks s

Rh, Ir, and Pt should be scparated from one bomba rdment loaving Os, Ru
and Pd for a sccond bombardment unless several pcople arc cooperating on

the procedurc. :

The yicld of activity of Os, Ir, and Pt is very low in comparison with
P=18«248
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that of the other platinum metals and many other fission products formed
in the bombardmont. This fact necessitates, for Ir and Pt, rigorous and
repeated decontamination procedures which result in low chemical yields.

For other platinum metal-fission product separations sce:

Platinum; 78~3
Osmium; 76-1
Ruthcnium; 44-2
Rhodium; 45-~1
Polladium;46-5

This procedure should be practiced scveral times before actually applyine
it to a bombordment, since in several of theo steps the conditions for
scparation are quite critical. For this rcason and for its poor chemical
yield, this procedure is not considered o good procedurc. To date, howcver,
it is the best procedure thot has been worked out for making the required
scparations. It is on accepbtable procedure from which some radioactivity
data may be obtained and can scrve as a starting point for work on other,

better procedurcs.

(8/@7/49
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CHEMICAL SEPARY IOHS

Elemenﬁ separated: Iridium _ Procedure by: Chu

Target matericl: hénium B . Time for sep'n ;1 hour

Type of bbdt: 6o" - ‘ Equipment. required: distilling
' ‘flask :

Yield: 70%

. A -
Degree of purification: Tactor of 100 from other activities present

Adventnges: Simple

Procedure:
(1) Pour thé Re powder into the distilling flask.
(2) Add 10 mg Os carrier and close_the'flask.

(3) 1Insert the outlet tube of the flask into ice cold 6 N NaOH soln
(10 cc). '

(4) Introduce 3 cc conc HNO, through the inlet tube of the flask.
(5) Supply a little air through the inlet tube and heat the flask
gently for the solution of Re and the distillation of 0sO, for

about 10 nmin. 4

(6) Add 10 mg Ir carrier to the Os-removed "target" soln and evaporate
to dryness. ' :

(7) Toke up the residue with 3 cc HZO and add 5~6 cc conc. formic acid.
(8) Heat in bdiling Hzo bath for 10-15 min.

(9) Centrifuge the pptd Ir. Reprecipitation may be used for further
purity but usually is not necessary.

Remarks: For osmium separntion from sme target see (76-2).

8/17/49
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CHEIfICAL SEPARATIONS

Element separated: Platinum Procedure by: Wilkinson,Hicks
Target material: Pt, Ir, Au, Hg Time for sep'n: 1 hr.- 4 hrs.
Type of bbdt: 60", 184" bombardments ‘Equipment required:

. sep. funncl

Yield: v\ 100%

Degree .of purification: Dccontam%nates well from Au, Ir, & Hg

Advantages:

Carrier free Pt can be obtained pure.

Procedure:

(1)

(2)

(3)

(4

(5)

Remgrks:

6 /25/45

Pw]8«17

Dissolve targets (except Ir) in HCl with minimum of HNO3 (For Ir
see 77-1).

Add Au, Hg, Pt & Ir carriers as needed. Extract the solution with
at least cqual volume ethyl acetate twice to get rid of Au (chloride
concentration need only be above 1 N), with gold added for the
second extraction.

Destroy 2ll nitrate with hydroxylamine, or hydrazine, then.add 0.1

gme - SnCl,. Centrifuge out any ppt (Hg Cl% The red color is
C o

PtCl4 which is extracted into ethyl aceta

Organic layer is washed twice with equal volume 6 N HC1, then
evaporated to drynesse.

Residue is taken up in 2 N HCl, Pt metal is precipitated with
magnesium metal in form of powder or dust. (Don't use Zn since
forms slow dissolving sponge.)

See G. Wilkinson, Phys. Rev., 73 252 (1948). Aléo,see G. Wilkinson,
Phys. Rev. 75, 1019 (1949) ‘ .
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CHOMICAL SEPARATIONS

Element separated: Platiqgg ' Procedure by: Thompson &
' Rasmussen

Target material: Iridium foil - Time for sep'n: 1/2 hr.

Type of bbdt: 184" protons (any energy) Equipment required:

small porcelain crucible
transfer pipettes
centrifuge tube’

Yield: «A 70% depending upon stop (3)
Degree of purification: at least factor of 100

Advantages: A simple,,reasonably.fast procedure for solution and scparation
with a target metal (Ir) extromely resistant to dissolution in aqua
regia.

" Procedure:

(1) Make a melt of KOH and KNO, (v 50-50, not critical) in a small
porcelain curcible, heating strongly over a Fisher burner.

(2) To this hot flux add the target Ir metal, continuing to hoat
(and adding KOH if volume of flux gets too smll) until the
metal is completely dissolved. (for a small strip of 1 mil foil
this should take no longer than 5-10 min.) '

(3) Allow flux to cool, then leach for w»5 min. with conc. IHCL,
adding Au and Pt carriers in small amount. (Ir gives strong
bluc colored sol'n)

(4) Bxtract twice with cthyl acetate to remove Au.

(5) Add a little SnCl, solution in HC1l to the aqueous phase until a
dark red coloratidn (H,PtCl,K ) indicates the rcduction of Pt from
+4 to +2 state is compiete Sec remarks.) :

(6) Extract the red cblpration (Pt) into ethyl acctate. Wash organic
layer twice with equal volume of 3N HCl.

(7) Plate organic layer & flame.

Remarks:

As most Ir foil contains about WA 1% Pt inpurity, it is well to provide
a step for cxtraction of Au activities, whether or not the Au is
desired for later work, even if it is’'simply a proton bombarded Ir.

On SnCl, reduction the strong blue coloration of Ir(+6?) disappears, .

" permitting the red of reduced HthCI4 to be seen.

P-18~1L7
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By spending more time leaching the melt in (3) and by using several
portions of leaching agent the chemical yields might be made almost
gquantitative.
For Au sep'n from same target sce (79-4).

For Ir sep'n from same target sce (77-2).

Tl if present should be checked for interference with this procedurec.

7/27/49
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CHEMICAL SEBARATIONS

Eloment scparatcd: Plotinum | Proccdurc by: Wolfc
Target material: Uranium metal (~vl gm) Time for scp'n: ~s1 1/2 days

when sceparated with Ir & Rh.

Typc of bbdt: 388 Mev alphas Equipment roquircd: Special
distilling flask, centrifuge,
scp. funncls, standard

Yicld: ~v 5 % -

Degree of purification: At least 104 from oll fission products. " No impuritios
detected in rodioactivitices.

Proccdurc:

(1) Cut out the central portion of the target and boil with concontrated
. HC1l to dissolve it and to expel Ge.

(2) Add 5 mg T and 105“ and boil the solution again to cxpel iodinc.

(3) 4dq 20 mg Os, Ir, Pt, and Au carricrs plus 20 mg Ba, Ru, Rh and
P4 carricrs. . Withdraw a 20% aliquot for later detcrminations of .
Ba, Ru and Rh.

(4) Placc the romaining solution in a special all-glass distilling
flask having o thistle tube entry and an air cntry. Add concentrated
HNC through the thistlc tubc, and distill 0s0, into 6 N No.OH in
an fce bath. . (Save for Os dotermination (76- 13)

(5) Place tho residuc from the Os distillation in o beaker, add 10 ml
70% HC10, and boil the solution to fumos of HC1O, to cxpel Ru.

(6)v Dilutc the solution, 2dd 5 mg morc Bu ecarrior, and 5 mg morc I and
IOS and repeat the fuming.

(7) Add onc ml dilute HCl, dilute the solution to 4 N and extract
twice with cqual volumc butyl acetate to deccontaminate from Hg
and from Au.

(8) Dilute the solution to ms0.5 ¥ in H', 2dd 5 ml dimethylglyoximo
solution (1% in alcohol) and Filter off the palladium ppt.

(9) Add conc HC1 to L5upn to mke ~s 5 N. Add SnCl, dropwiso until the
cherryred of Pt* is apparcnt.

(10) Extract the Pt with thrce cqual portions of butyl acetate.

(11) TWosh the platinum out of the organic layer with 6 N NoOH, acidify
to 5 N HCl and recextract into butyl acctate. Repeat eyclc.

(12) Wash Pt from orgaonic layor into 6 N NoOH and ppt PtS from this
mlk"llnc solutlon grodually acidificd to 6 N.-

(13) DlSSOlVO the sulfide ppt in aqua reogia, make alkaline and scavenge
P-18-180 ' :
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twice with 5 mg pptns of La(OH)S.

(14) Buffer tho supn with ncotate and scavenge threc timos with
~ 1 mg pptns of Mo and Pd with 8-hydroxy quinoline.

(15) Make solution acid and ppt platinum motal with powdered magnosium.
Weigh the metal to determine chomical yield and plate.

Remnrks:

Rh, Ir ond Pt should be scparatcd from onc bombardment leaving Os, Ru
and Pd for o sccond bombardment unless scveral pecople arc cooporsting on
the proccdurc.

The yield of activity of Os, Ir, and Pt is very low in comporison
with thaot of the other platinum metals and many other fission products
formcd in the bombardment. This fact nccessitates, for Ir and Pt, rigorous
and repeated decontamine tion procedures vhich result in low chomicol yiclds.

For other platinum metal~-fission product scparations scc:
Iridium: 77-3
Osmium: 76-1
Ruthoenium: 44~2
Rhodium; 45-~1
Palledium; 46-5

8/16/49
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CHEMICAL SEPARATIONS

Element separated: Gold . Procedure by: Wilkinson, Hicks
Target material: Pt, Ir, Hg, Au | Time for sep'n: 1/2 hr - 4 hrs.
Type of bbdt: 60" or 184" cyclotron Equipment required: sep.

: ' funnel
Yield: ) 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)
(5)

_Remarks:

6/25/45
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Dissolve Pt, Au, or Hg in aqua regia,
To dissolve Ir metal: (see 77-1).
(AuCl3 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 with equal volume 6 N HC1.
Evaporate ethyl acetate layer to dryness & take up residue ihvl N
HC1. -

3

Bubble in SO, to reduce Au'° to Au in the hot.

See: G. Wilkinson, Phys. Rev. 73, 252 (1948)
See also: G. Wilkinson, Phys. Rev. 75, 1019 (1949)
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CHEMICAL SEPARATIONS

Element separated: Gold | Procedure by: R. W. Fink
Target material: Tracer mercury Time for sep'n: WM 10 min.

Type of bbdt: Iliilking experimert
Yield: Can be quantitative if several extractions made.
Degree of purification: at least 103 from Hg activity present.

.Procedure:

(1) Take Hp tracer in 4 ml of Y1 3 N HCl and extract with 500 hof
isoamyl acetate. (The presence of at least O.1 N Cl is required
for a sepn from Hg) - Au into the organic layer. :

(2) Wash the organic layer with equal volume sat NH4Cl s0l'n Yo insure
sep'n from Hge.

(3) Plate organic layer for Au sample.

Remarks: T if présentvwill follow Au in the solvent extraction.

7/12/49
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CHEMICAL SEPARATIONS

Element separated: Cold (quick’brocedure) Procedure by: Thompson &

Rasmussen

Terget material: Gold in leaf form (.004 mil) Time for sep'n: 4-10 min.

Type of bbdt: 184" High energy protons. Equipment required
o Centrifuge tube. Micro~-
pipettes
Yield: «m» 100%
Degreé of purification: Adequate separation fromng and spallation products,

at least factor of 50.

Advantages:

Procedure:

(1)

Extreme speed .and simplicity combined with reasonable purification.

Dissolve Au in warm 6N aqua regia (2N HNO, 43 HC1) in centrifuge
tube. Work in small ¥olume (1-2 ml.)™ = .

(2) Agq hold-back carriers for Hg, Pt, Ir, and Os (»l mg each).

(3) Add (1 to 1/2 ml.) ethyl acetate. Agitate, mixing phases with
transfer pipette. (Yellow color of gold quantitatively extracts
into organlc phase.)

(4) Vash the separated ethyl acetate phase once or twice with 6 ¥
aqua regia. (Any wash of high chloride conocentration serves %o _
remove Hg, although Tl if present may not be entirely washed out.)

(5) The solution of Au in ethyl acetate may now be rapidly evaporated
on a plate for counting or subjected to further specific gold
chemistry. :

Remarks: A further procedure of very spe01f1c gold chemistry, according to
¥ilkinson, but of lower yield 507 is as follows: Precipitation of
Au as the metal by SOZ reductlon, bubbling SO, through a warm 2N HNO3
solution of the . ' dissolved gold.” The ppted Au can be

redissolved in aqua regia & extracted with ethyl acetate for counting.

Getting the Au from ethyl acetate into 2 N HNO, preliminary to the SO
ppt'n can be done in several ways, such as, (a% evaporaticn of ethyl
acetate - Au sol'n (Use hot plate for ethyl acetate is flammable) and
taking residue up with ZJ'HNOS, or (b) adding 1 N KOH to ethyl acetate -
Au sol'n, taking Au back intc agueous phase (and also introducing

loss by formation of some insoluble Au oxide), then separating the
phases and making the aqueous about ZE;a01d by adding HI\]’O:5

7/2 7/49
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CHEMICAL SIZPARATIONS

Elemont separated: Gold Procedurc by: Thompson &
" Rasmussen.
Target material: Iridium foil Time for. sep™: 20 min-1/2 hr,

Type of bbdt: 184" (any encrgy)
Yicld: W\70%, depending on leach
Degree of purification: at least iOO

Advantages: A simple, rcasonably fast procedurc for solution and separation
with a target motal (Ir) oxtremely resistant to dissolution in agua regia.

Procedure:

(1) Moke 2 melt of XKOH and KNO, (w50-50; not 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 KOH if volume of flux gets too small) until the metal
is completely dissolved. (for a small strip of 1 mil foil this
should take no longer than 5-10 min.)

(3) Allow flux to cool, then leach for v25 min. with conc. HCl, adding

“Au-and Pt carriers in small amount. (Ir gives strong blue colored

sol'n) :

(4) Extract twice with ethyl acetate to remove Au.

(5) Combine organic layers and wash twice with equal voluno 3N HCI.

(6) Plate organic layer and flame.

Remarks
As most Ir foil contains abouttJﬂIV Py impurity, it is well to provide
a step for extraction of fAu activities, whether or not the Au is desired

for later work, cven if it is simply a proton bombarded Ir.

On SnCl, rcduction the strong blue coloration of Ir(+6?) dlsappears,
permitting the red of reduced H PtCl to be secn.

By spending more time leaching the melt in (3) and by using several
portions of leaching agent the chemical yields might bo mads almost
quontitative.

For Ir scp'n from same target sce (77-2).

For Pt sep'n from same target sgé\(78-2).

Tl if present should be checked for interfercncc with this procédure.

',‘7/57/49
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Element separated: lercury

Target material: - Platinium

80~1

CHIMICAL SEPARATIONS

Procedure by: R. Y. Fink &
D. G. Karraker

Time for sep'n: 60 minutes

Type of bbdt: 65 lev arpaftioles for Bquipment required: Standard
3 hours '

Yield: . 70%

Degree of purification: Excellent - factor of at least 100 from activities

Procedure:

(1)

(2)

(3)

(4)..

present.

Pt target dissolved in 4 cc aqua regia in a'porcelain crucible, 50 p
gr Au and Hg carriers added. Sol'n evaporated to expell HNOS.

Extracted 5 times with 1/5 volume of isoamyl acetate in presence’

"of at least 0.1-N HCl. The isoamyl acetate layer contains gold

free from mercury.

The aqueous layef has excess SnCl, added to ppt Hg,Cl . The Pt is
reduced to a beautiful red Pt color. The ppt is washed until free -
of this color. ' . ’

r

The ppt is dissolved in dil. aqua regia and used as the mercury
fraction.

Remarks: (a) Recycling will improve purity, although this method has been

- 7/14/49

P=18=87

shown to give excellent radiochemical purity.



80-2

CHEMICAL SEPARATIONS

Element separated: Mercury v Procedure by: R. W, Fink’
Target material: Gold Time for sep'n: 70 min.
~Type of bbdt: 60 Mev protons Equipment required: Standard

Yield: Near 80-90%

Derree of

Procedure:

(1)

(2)

(3)

purification: Excellent - factor of 100 from activities present.
kg

The gold target is dissolved by heating in 4 cc hot, conc. agua regia.
Pt and Hg carrier (50 ug) are added. Five or more extractions with
iscamylacetate, 3 cc each portion are made. The Gold will be found

in the organic layer.

The aqueous layer is boiled to near drwvness with conc. HC1l to expell

HENQ,, and excess SnCl, added %o ppt. Hg,Cl_,, which is then washed
++ 272

until free from red P% color.

The Hg201 ppt is then redissolved in 2 cc dil. aque regia, and

" used as the mercury fraction.

Remarks:

(a)

7/12/49 |
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The isoamyl acetate extraction. of gold from mercury is quantitative
in presence of 0.1 N or more chloride. This is the method used to
milk gold daughters from the mercury fraction.



80-3

CHEMICAL SEPARATIONS

R.YW. Fink &

Element separated: Meroury Procedure by:
' T S. G. Thompson
Target material: Gold or platinum- | Time for sep'n: from 1l to &

min.

Typé of bbdt: Protons on gold or a-particles Equipment required:
on Pt, but not vice versa mercury volatilizer (see
' astatine boiler)

Yield: Enough aotivity to work with but by no meeans quantitative. For more
yield heat longer.

Degree of purification: Exfremely pure.
]
Advanta~es: For short Hg half-lives when quick samples are de51red for

countlng. Definitive purity.

Procedure:

(1) The,target is introduced into the chamber of the }Jfercury vaporizer.
A thin Pt collecting plate. is put on the bottom of the water-cooled

- cold-finger with duco cement. )

(2) The Hg is then vaporized by a bunsen flame, and is collected in
high specific activity on the plate.

Remarks:

(a) Caution must bekexércised not to open the vaporizer until it has
thoroughly cooled, lest the hands become covered with unwashable
mercury activity which spews forth when the vaporizer is hote

(b) The vapor pressure of Hg at only 400°C is 1074 1 mm of Hg, over
‘ 2 atm.; while that of nolten gold at 1292° ¢ is only 0.001 mm.
Hence, at 1000° K, a complete separation is attained.

Tl if present will follow the Hg in this procedure

7/12/45
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80-4

. CHEMICAL SEPARAT IONS

Element sepérated: Mercury Procedure by: Prohaska
Target material: Au s Time for sep'™m: Two or more
’ days
Type of bbdt: Neutron canture ' Equipmeﬁt required: separatory
’ in pile v funnels, + ordinary beakers,

flask, etec.
Yield: ? probably 60-80%
Degree of purification: n+ 95-98%
Adventages: Will separate 5-10 mg of Hg from 100 g of Au.
Procedure:

(1) Dissolve sample (assume 100 gms of Au) in 250 ml hot conc. HC1
and minimum HNO3 under (air cooled) reflux condenser.

(2) Vhen gsample comple tely dissolved, dilubte %o 500 ml (approx’
6 MH ). Extract with four successive 200 ml portions of ether.

(3) Add NeOH to H,O0 portion until pH = 1. Add H,S and ppt Au,S; + HgS.

Centrifuge. ®

(4) Dissolve HgS + Au,S, in (minimum) 6 N HC1l + drons conc. HNO,,
volume of solution Sshould be less than 100 ml at this point.

(5) Extract with successive 50 ml portions of ether until no yellow
color of AuCl4' observable in HéO portion.

(6) Extract with 2 additional 50 ml portions of ether.
(7) Again reduce pH to ¥ 1 with NeOH and ppt HeS with HyS. ~
(8) Repeat the solution and extraction procedures
Remarks: | |
In the three ether extractions, an estimated 20%-30% of the HgCl
would be extracted along with the AuCl,. 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
fur ther solution and extraction. ' ' '

A

8/24/49
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81-1

CHEMICAL SEPARATIONS

Element separated: Thallium - Procedure by: Brooks

Target material: HgNO, - Time for sep'n: 5 min.

Type of bbdtb: Linac 2 min. of 30 lMev Equipment required: 40 cec
protons test tube

Yield: 20%

4Dégree of purification:’ good

Advantages: TFast -

Procedurs: _
(1) Dissolve target.in 20 cc sat. XI ‘(hot)
(2) Add 2 cc of H,0 containing 20 mg Tl NO,. Shake well.

(3) Pour off'HgI4= soltn, dry ppt and count.

Remarks: HgNO, decomposes somewhat even in a 2 min. bombardment.
Don‘% vse it in a oyclotron! The Linac targets are not
in a vacuum. '

6/16/49
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CHIMICAL SIPARATIONS

‘

Element separated: Thallium Procedure by: Orth & lleinke
Target material: Gold foil ' Time for sep'n: v 30 min.
Type of bbdt: = 60" ¢ bbdt. . Equipment required: Standard

Yield: v~ 90%

Degree of purification: At least factor of 10 from other activities present.

Procedure:

(1)

(2)
(3)
(4)

Remarks:

Dissolve Au target in aqua regia (1:9 HNO; to HC1) add (5 me. T1Y
carrier and 5 mg Hm++ carrier. v

Add NH,OH-HC1, ppt Au metal & reduce to He, ", ',

Neutrallze with Na,CO, (keep cooll) ppt Hg,CO4e.
TO'sup;n add sat. soln of KI or few drops of HI, precipitating TlI.

The 90% yield can readily be obtained if the Tl id plated from the -

sol'n of (3)s  If the Tl is ppt as T1I yleld may be only ~» 755,

7/12/49
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81-3

CHEMICAL SEPARATIONS

Element separated: Thallium L Procedure by: Neumarm
Parent material: Lead Time for sepfn: 10 mins
Milking experiment Equipment required: no

. special equipment:
Yield: ~~v 56%
Degree of purification: ¢ 0.01% Pb contamination
Advantages: Extreme 1y good Pb-Tl separation

Procedure:

(1) Pb to be milked kept in 10 ml of 6 N HCl solution. T1 carrier
may be added if desired, but is not necessary. Add 3 or 4 drops
of KMnO, solution to insure oxidation of T1 to T1%"*.Stir solution
until loss of brown color.

(2) Add 10 ml of KCl saturated diethyl ether. (The ether can be
conveniently prepared by shaking with conc. HC1l and allowing the
two layers to stand in contact until ether is needed). Stir about
3 min. Centrifuge. Remove ether layer containing the T1

(3) Extract a second'time by same method. Combine ether 1ayers.

(4) Wash ether with 10 ml port1on of 6 N HCl. Centrifuge. Transfer
ether to new tube, 5

(5) Eveporate ether with jet of air to convenient volume. If entire
sample is to be counted, the remaining ether can be evaporated on
counting plate. If only an aliquot is desired, evaporate %o
dryness and take up residue in desired volume of water. Addition
of a drop HNO3 and heating will help in obtaining complete solution.

Remarks :

11" does not extract.  Addition of KM‘nO4 to insure oxidation to Tlf++
is impor tant.

Since the time for separation is quite long For a milking procedure,
the steps prior %o final separation should be done at the same relatlve
time intervals in ‘each mllklng.

Two extractions give > 99% yield. The washlng w1th HC1l rgmoves ~4%
of Tl. The owerall yield of Tl is reproducitle. 3 'yr Tl can be.
used converiently as a tracer to detcrmine chemical yield.

8)&2/49

P-18-145



82-1

CHEMICAL SEPARATIOQNS

Element separated: Lead Procedure by: Karraker
Térget material: Thallium Time for sep'™m: A 1l hour
Type of bbdt: 60-80 Mev D" or B Equipment required: . No

- special equipment

Yield: s 95%

Degree of

purification: Good, factor of at least 100,

Advantages: One-step is usually sufficient purification.

Procedure:

(1)

(2)

(3)

Remarks:

7/14 /49
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Dissolve Tl target in 6 I H,SO, the smallest amount possible.
Add 5 mg Pb carrier, also 5 mg Hg carrier as hold-back.

Evaporate solution over a hot plate, with an air- jet blowing on
the top of the solution, till fumes of 602 appear and the solution
is quite concentrated.

Dilute careful1y with 2 volumes of H,O. PbSO4, white ppt, appears.
Wash ppt with TTH2$O then with H,0. If désired, this may be
dissolved in NH Ac and reppted as Pbéro » However, it is uswally
sufficiently pure w1thout further steps. :

Add conc H,S0, to water, not water to acid#!?



82-2

CHEMICAL SEPARATIONS

Eloment separated: Lead ' Procedurc by: Neumann
Paront material: FBismuth (20 mg or less " Time for scp'n: 5 min for
‘carrier) separation, 15 min. for
purification
Milking experimcnﬂ ’ Equipment required: no

special equipment
Yieid:‘ ~J 85%
Degroc of purifieation: €0.05% Bi contamination
Procedurc:

Bi purificd, final step boing precipitation as BiOCl (obtainable by
method listed in steps 1-3.) (Can dissolve Bi from Ni foil of 83-1
‘and procced with BiOCl pptn and step (1) below.)

(1) " Dissolve in few drops conc. HNO Add 10 mg Pb carricr (preferably
- Pb(NO,),. Add 3 drops conc. He?. Dilute to~ 8 ml.

(2) Aad NH dropwise until permanent precipitate just forms, and thon
HNO5 dropwisc unbil solution just clears.

(3) 4t desired time for milking dilute to 45 ml and heat in water bath
for a few minutes. Fine crystals of BiOCl should form. Centrifuge,
oand retain BiOCl for future milkings.

(4) To the supcrnatent add a drop of NHs. If the solution reomains
- clear you have obtained o good secparation.

(5) 4dd 2-3 ml of MNa Cr,0, solution to causc preeipitation of PbCro, .
Contrifuge, and slscazd supernatent.

(6) Dissolve PbCr0, by addition of 2 mil 4 N HC1 and ono drop 307
HZOZ Heat in“water bath to dostroy cxcess 2 2

(7) £dd 20 mg inactive Bi carrier and repeat BiOCl separation by above
mcthods. Ropeat prcclpltutlon of PbCrO

(8) Dissolve PbCr0, as in step (6)

(9) Dilube to any desired volume ond mount aliguots for counting. The
-results are reproducible, and chemical yield determinations arc
not necessary. If the latter arc desired, proceed with stcp 10:

(10) 14dd 5 ml conc H,S0,. Ewaporate to fumes of SO,. Resulting vo lume

will be 2-3 ml. Cgol. Dilute carefully to ~ 20 ml. Cool. Filter,
dry, and weigh PbSO,. ' : \

P~18-147 .
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Remarks:

Any single prcclpltatlon of BiOCl under thcse conditions gives a

‘ ylold of 98-99% Bi, with 8% of the Pb retained with the Bi. Onc Bi
scavenge of the separvtod Pb should be sufficient purification from
the parcent.

In calculating the life of the parent from consecutive mllklngs of
thce some Bi solution correction should be made for the 8% of the daughter
rctained with the parcnt.

Purification of Pb as PbSO4 gives varying yields, and determination of
chemical yicld by woeighing™is necessary. :

Where the Pb fractions will be furthor milked for T1 (81-3) stop at
step (8).

8/12/49
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82-3

CHEMICAL SEPARATIONS

Elenent separated: ILead | | . " Procedure by: ZKarraker
Parent material:  Polonium " Time for sep'n: 5 min.
Milking Experiment . Equipment required: Staondord

Yicld: 95-100%
Degrece: of purification: factor of lO6 from Po with two washes.
Procecdurc:

Po is in 20% tributyl phosphate in dibutyl cther mixturc. To milk
solution:

(1) Extract with equal volﬁme of -6 W HCl. Bi & Pb go into water phase.

(2). Wosh HCl extract twice with 1/10 its volume of tributyl phosphate
solvent. -Add the first portion to the Po solt'n, then discard 2nd
portion. : . , : ‘

(3) Add 1/2 mg Bi and 1/2 mg Pb carricr, (pptn made from ~ 4 cc volumes. )

(4) To separate Bi and Pb, the proccdurc is almost identical with that
of Noumonn. (82-2).

(5) Thallium daughtcrs of the Pb may be separated by oxidation and
oxtraction with ether. (81-3). -

8/12/49
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83-1

CHEMICAL SEPARATIONS
Element separated: Bismuth . Procedure by: Neumann

Target material: Pb Time for sep'n: 15 min from
: solution of target up to
‘plating step

.~ Type of bhd%: protons or deuterons Equipment required: no special
184" or 60" equipment

Yield: see remirks

Degree of purification: Good separation from Pb and Tl at least factor of 104.
Interference from noble metals.

Advantages: DRapid separation when looking for short half-lives. Prepares
carrierless samples for pulse analysis, or high specific activity
samples for mass spectrograph or f-ray spectrometer.

Procedures

(1) Dissolve Pb target in 6 N HNO,.. Keep volume as small as possible.
Add water if' necessary o givé complete solution.

(2) Add 8 N NaOH dropwise until formation of.Pb(OH)z. Add HNO, drop-
wise until solution just clears,

(3) Place Ni foil in solution. Bi will electrochemically replace Ni
on foil. Keep solution warm, and stir continucusly to obtain
highest yields. See remarks.

(4) « counting and pulse analysis can be done directly from Ni foil
after washing well and drying. Ni foil should be given protect-
ive coating (label shellac is satisfactory) on one side so that
activity plates on only the unprotected sids.

(6) To prepare sample for mass spectrograph or B-ray spectrometer,
remove Ni foil from solution when desired amount of activity is
obtained and wash well, Dissolve Ni foil in HNO,. Add 50 p grams
Bi carrier and 20 mg La carrier., Precipitate La?OH) and Bi(CH)
by addition of NH_. ‘lash precipitate with water and'l drop'NHs.
Dissolve in few drops HCl, dilute to 0.3 N HC1l, and pass Eés into
sclution. Bi,S, 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 to~ 85°C, and stirred §low1y with mechanical 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 will also not be made if it is produced

in bombardment. -

8/12/49
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83-2

CHEMIC.LL SEPARATIONS

Elcment scparated: Bismuth Proccdurc by: Harraker
Parcnt material: Polonium Timo for scp'n: 5 min.
Milking exporiment _ | Equipment required: Standard

Yicld: 95~100%
Degroe of'purification: Factor of 106 from Po with two washecs
Proccdure:

Polonium is in 20% +tributyl phosphatc, 80% dibutyl ethor mixture} To
milk solution:

(1) Extract with equal volume of 6 N HCl. Bi and Pb go into acid
phasc. : :

(2) Wash HCl extract twice with 1/10 its volume of tributyl phosphate
.solvent. Add the first portion to the Po soln, discard the
second portions.

(3) 4dd 1/2 mg Bi and 1/2 mg Pb carrier (pptns made from ~t 4 cc volumos).

(4) To sceparate Bi and Pb, the proceduro is almost identical with that
used by Neumann (82-2).

(5) Thallium daughters of the load may be separated by oxidation and
" cxtraction with cther (81-3). ,

8/12/49 -
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CHEMICAL SEPATATIONS

N

Tlement separ arated: Di smuth Procedurc hy: *e1inke

- . ‘. m e 228 - /2

Parent materinl: Tracer Pa and daughterg Time for sepfinirs 1 1/2 hours

'Hlking experiment © Equipment required:
Centrifuge, stirrers,
tank H,S

Yield: ~» 60%

~ . o . . 3 : .
vzrree of purification: Factor of at least 1C7 from Pa and at lesst 100
from sther activities. Factor of at lezst & from Pb.

Jisadvaniages: . Gives a thick plate - rather bed for alpha pulse anclysis.

Procedure: Turified tracer Pa in benyene - [TA solution (prodedure 21-1 .
vith DIPK and TTA extractions only).

(1) Stir organic layer 10 min with eoual wolume ¢ N HCl (daughtor
into acid layer - most of Pa remains with orpanic layer).

(2) ash the acid layer three times with double volume .4 if TPA in
benzene, stirring 5 min each. (Removes Pu ).

(3) Dilute neid layer to ~ 2 N and add v 1/2 mg Bi carrier, Bubble in
H,8 gas to ppt Bi and Pb sulfides. Centrifupge.

(¢) Agein odd 1/2 mg Bi carrier and repeat sulfide pptn. Centriiuge
and comblne ppts of (3) and (4).

{6) Dbissolve sulfide ppts in few drops hot conc. HCl. Dilute to at
least 1 N acid and reppt sulfides by bubbling in st' Centrifuge.

(6) Repeat step (5), four times.

(7) Dissolve sulfide ppt in few drops conc HC1,dilute to~6 cc and
boil to rid solution of H S.

2
(8) Add 1 mg Pb carrier and ppt PbSO, by adding some SO (HZSO R
(MH, )ZSO » etc.) Discard prepicitate.
9) Repeat step (8) three times.
(10} Add H,S to supn from last pptn and centrifuge out the Bi,S, formed.

(11) Dissolve the Bi_,S, in hot eonec. HC1l, dilute to known volume and
plate aliquot for counting. Cqutlon Do not flame the B101
plate or much of +the activity may be lost.

Pelial37
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Remorks:
In step (8) if the acidity is greater than 2 N the Bi will not ppt.
See Prescott and Johnson's Qualitative Chemical Apalysis (1933)

p 157 for notes on Pbsoé.

In some experiments no Bi'=Pb sepn is required and the solution of
step (7) can be plated directly. '

8/9/49
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84~1

CHEMICAL SEPARATIONS /
Element separated: Polonium . Procedure by: Xarraker
Target material: Lead Time for sepm: 1 1/2 - 2 hrs.

Type of bbdt: 380 Mev He

Yield:

+ Equipment required: $0, tank -

80-90%

- Degree of purification: Very good ~ less than 1% impurity.

Advantages: Po is separated in a carrier-free state.(!)

-
Procedure:

(1)
(2)

'.(5)

(5)

(6)

(7)

(8)
(s)

Remarks:

3.
Heat over a burner until the solution is evaporated %o conc. HNO

(fuming). Pb(NOS) ppts and may be centrifuged off. Extract
twice with equal volume amyl acetate. This removes Tl, Hg, & Au.

Dissolve target in 6 N HNO

Add 1-2 mg Bi & Tl holdback, then fume with HC1 (over a burner)
till HNO, is destroyed. It will be necessary to take the solution
down to 4 very small volume, add about & or so portions of conc.
HC1 %o accomplish this. Dilute the solution by adding 2 volumes
of H,0. )
2
Add (y 1 mg Te carrier. Ppt Te with a few drops of conc onCI soln.
Centrifuge the Te off. This ppt carries Po and At.

Dissolve Te in 1 drop conc. HNO,, then add l/? cc conc. HCIL.

Pass in SO, from tank into eol'n in a hot water-bath. Te ppts,
carrying A% The sol'n now is about 6 N in HC1 (constant boiling
mixture ), and contains the Po.

Centrifuge off Te. It may be necessary %o use Aerosol to coagulate
or transfer sol'n to several test tubes to eliminate Te.

Extract sol'™n with an equal volume of 20% tributylphosphate in
dibutyl ether. Po goes into the organic layer. ¥ash organic
layer twice with 6 N HCl to thoroughly decontaminate from Bi.

Sample may be prepared by pleting a drop of organic sol'n, or by
extracting Po back out with conc HNO,. Then dilute the HNOs, and
chemically plate Po on a small plece of clean Ag.

Step (3) 1s very slow and tedious, but cannot be avoided, since Pb

metal can be dissolved only in HNO,. It should be noted the Pb is
almost untouched in conc. HI0,, dué +to the extreme insolubility of
Pb(NO ), in fuming ENO,. Abolit 80% of the Po can be chemically plated
6} Agsln 10 min. . ' : .

7/14/49 |
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CHEMICAL SEPARATIONS
Element separaﬁed: Polonium . Procedure by: Karraker
Target material: Bismuth Time for sep'n: 40 min to
' 1 1/2 hrs.
Type of bbdt: 180 Mev D°, or 350 Mev H' Equipment required: Standard

Yield: 80-90%
Degree of purification: less than 1% impurity in sample

Advantages: Po separabted in carrier-free state.

Procedure:

Procedure in general is the same as with Pb, except for inability to
ppt Bi as the nitrate. So step (2) in Pb procedure is eliminated.
It is necessary to dissolwe Bi metal in HNO,, but if Bi,0, is used,
this can be dissolved in HCl, and necessity for destroylng'HNO3 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

CHEMICAL SEPARATIONS

s <3, A

Element scparated: Polonium . ~ Procedurc by: Barton
Milkings from At | . Time for sep'n: 40 min.
Yield: ~v 90% ~ Equipment required: test tubes

Degree of purification: At least factor of 10
fAdvantages: Simplicity.

Procedure:

(1) Astatine fraction dissolved in 1-5 ml organic solvent (benzeno,
carbon tet., di-isopropyl ether, etc.)

(2) Yash with 1/2 ml of 2 N H,50,, 0.25 N FoS0, soln. (to kecp At in
zero state.)

(3) Viash H,80,~FeS0, layor twice with di-isopropyl other.

(4) Extract the Po from the H,80 -FeS0, layer with 20% tributyl phos-
phate, 80% dibutyl cther Sixture. '

(5) Evaporate organic layer on plate with heat lamp., Do not flame
or Po will be lost.

| 1  | ggﬁl/%g
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85«1
CHEMICAL SEPARATIONS

Element scparated: Astatine Procedure by: Barton

Target material: O (nll/2 gm) Time for septn: 15 min.:
(or thorium meta%

Type of bbdt: Any 184" or 60" Equipment requircd:. Test tube
Yield: Unknown,~ 10%

Degree of pur1f1cat1§n - Excellent, from all a emitters formed ~ at

least
greater than 10
Advantages: Simplicity:
Procedure:
3 » 3 1 - )
(1) Dissolve Bi,O, sample in 1/2-1 ml conc. HC1 or H,50, .
(2) Add small (& 0.5 ml sufficient) amount di-isopropyl ether, mix,

separate phasecs.
(3) Plate out organic phase and count or save for milkings.

(Use no more heat than heat lamp or 30 volts on an induction heater’
while working with the plate or At will be lost.)

Remarks:

Step 1. Do not use HNO3 unless you want a small-scale explosion.

Thorium metal can be dissolved 1?130nc. HC1 and .01 N (NH ) SlFé‘soln
(Vigorous reaction once started): ’ (See 90-4).

See also AECD 1952 (Chemical Propertles of Astatine; G. L. Johnson,
R. F. Leiniger, E. Segré.) '

(1) See Phys. Rev. 75,18 (1949).

q/-;»/do
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CHEMICAL SEPARATIONS

Element scparated: Emanation Procedure by: Ghiorso, lMeinke
Target material: Thorium metal (1 mil) Time for sep'n: 5-15 min.
Type of bbdt: 184" protons Equipment requircd:

Yield:

special emanation closed
system with traps

Small from metalsup to 50% from.
solutions

Degree of purification: Free from other « abtivity ~ does not scparate

from other rare gases.

Procedure:

(1) Metallic strips of Th which have becn bombarded with the full
energy proton beam are placed in a small closod flask and heated
to red heat with an induetion heater for a period of one or
two minutes.

(2) Argon carrier is then passed ﬁhrough the flask and through a
trap cooled with an ice bath.

"(3) The carrier and Em are then frozen out in anothergtrap cooled with

a liquid Nz bath.,

(4) The activity can be then introduced into a sealed counting chambor
and counted for alpha activity.

(5) The activity can be shown to be a rare gas by tfansferring it
back and forth from counter to trap using the liquid-N2 bath to
frecze out the activity and carrier.

Remarks:

The procedure described is simple but effective in purifying the Em..
If further purification is rcquircd additional traps may be used.

The same typc of apparatus may be used when: (a) separating Em from
a solution or (b) milking Em 1sotopes ‘from other clements, e.g., Fr
and At.

Care should be ‘taken to check scparation from At in these scparations
since in many cases, at lcast a small fraction of tho At present acts
much like a gas and may pass through the traps. A special trap %o
specifically remove At may be necessary in some cases.

2/49
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CHEMICAL SEPARATIONS

Element separated: Francium - Element 87 Procedure by: Hyde
Target material: Thorium metal fbii, Time for sep'n: 40 min. -
Typical target - 3 foils 1/2" x 1 3/4" 80 min.
X -005"v 4 .

Type of bbdt:zqésé" bbdg,yith 100 Yev protons  Bquipment required:
to make Fr°““ and Fr<°, 5§05lev proton centrifuge
bbdt to make 30 minute Fré stirrers

~

Yield: estimated 10-50%
Degree of purification: Clean separation from all elements except cesiunm

Procedure: x*

(1) Drop thorium metal strips into 10 ml of hot 6 N HCL. ™ Add a few
drops (WH,),SiF. sol'n to clear up black residue. Heat with
infra-red lamp until dissolved. Ewaporate down to 5 ml or less.

(2) Transfer to 50 ml centrifuge cone. Cool in ice bath. Add 15 ml
6 N HCl. Centrifuge off undissolved particles.

(3) To clear supernate add ¢ drops cesium carrier (20 mg Cs/ml) stir
and add 1 ml 1/8 M silicotungstic acid. Stir occasionally 1 to 4
minutes. Centrifuge down ppt of cesium silicotungstate. This
precipitation elimimates s 90% of total radiation.

(4) Wash ppt twice with 5 ml 6 N HCl. From here on can use eigE%r of
twgzgrocedures. Procedure A is a short one useful when Fr or
Fr is bei?glgtudied. Procedure B is recommended for preparing
30 minute Fr . ‘

Procedure A - For short-lived francium isotopes.

(1) A portion of or all of the silicotungstate ppt is evaporated in a
smoll circle in the center of a platinum plate. This plate is 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 asbestos washer
and covering the hole just above the sample plate is placed a second
platinum disc, scotch taped to o 1/8 inch aluminum disc. The aluminum

50 ml centrifuge cones

disc, platinum disc combination is cooled with a lump of dry ice while an

oxygen torch with o small flame is touched to the bottom of the scmple
_plate heating it strongly %o red heat for 5 seconds. The cooled col~
lector plate then bears a smooth deposit

* This procedure is modeled quite closely after the fission product procedure

for cesium described by Glendenin & Nelson in AECD 255G-C.
ok HNO3 interfers with the subsequent pptn of cesium silicotungstate.

For Th sol'n see Phys. Rev. 75 18 (1949).
P-18~31
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' *
of cesium as well as considorable silica and tungsten.

(2) This deposit is slurried off the plate with dilute 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 platinum dise for counting measurements. Usually such
samples are flamed again as described above. The resulting collector
plates are quite cven and clean of everything except cesiume. The
amount of cesium originally added determines the amount of solid
on the plates. .

Procedure Bv~ For further purification of 30 minute franecium.

(1) Dissolve silicotungstate ppt in 1 ml of 6 N NaOH. Add 2-3 drops'
ferric chloride carrier., (10 mg/ml) Stir.  Centrifuge down the
scavenger Fe(OH)S. :

(2) To clear hydroxide supernate in 50 ml cone add with caution 5 ml
of 70% perchloric acid. Put on safety glassos or face shield and
evaporate solution by swirling over a bunsen flame until dense

‘ white fumes appear. Continue gentle heating one minute. Cool.
Dilute to 10 ml. Stir. Contrifuge off silica ppt.

(3) Evaporate supernate to denge white fumes agein. Cool. Cautiously
add 15 ml absolute alcohol. = Cool in ice bath. Centrifuge.
Dispose of supernate immediately as it contains ethyl perchlorate
which is explosive when heated. Wash ppt twice with 5 ml absolute
alcohol. ' ' ' '

(4¢) Cesium perchlorate ppt may be dissolved in distilled water. This
is the final francium fraction. If plates are made it pays to
volatilize the froncium to a second plate by the technique
described in A(1) in order to get very smooth doposits.

A 30 minute bombardment of 3 thorium foils I{B" x 1 3/4" x .005"
worked up by Procedure B has produced 10 -10 c/h‘of 30 minute
francium 60 minutes after bombardment.

*¥% The volatility of cesium and of francium is believod to be caused
by a disproportionntion of the oxide to peroxide and metal. The
metal distillssthe peroxide decomposes to oxide and is ready for
2 new disproportionntion. -

Yields on the voldtilization step vary from 25% to 90% depending
on amount of solid present and other factors. With plates con-
taining only cesium, 75% hicher yields arc usually obtained.

wkx*  Alcohol is added because of the insolubility of cesium perchlorate
in this solvent. ‘

| 6-/28/49
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CHEMICAY, SEPARATIONS

Element separated: fkgpcium (carrier free) . Procedure by: J.M.Hollander
, 227 ' Time for sep'n: 1-2 hrs.
Parent §§$9r1&§é3 Ac 2111n equilibrium with Equipment required:
, ete. ' (1) Ion éxchange column,
: 2 cm long, 2 mm in diometer.
Mfilking Procedure v _ (2) Dowex-50 acid form resin.
: (3) Two Al'sample mounting"
Yield: 40-50% : o plates, 3 1/2" x 2 1/2",
with a 5/8" hole in the
center.

Degree of purification: A%t least a factor of 50 from Pb. Other purifications
not determined (a's not counted.)

Procedure:

(1) The Ac should be in 0.5 - 1.0 cc of 2. N HNO, solution. Allow this
solution %o pass throuvh the column, £ adsorb the Th, Ac, and
partially the Ra. :

(2) Elute with«v 4 cols of 2 N'HNO (to bring off any Ra which ha
adsorbed on the resin) at a flow rate of about 0.5 ml/min. /bm .

(3) Then elute with ~ 2 ccts of 4 N HNO, to bring off the Ac.
(4) Evap this 4 N Ac froction to dryness in a centrifuge cone, then
dissolve the residue in water. . Allow to stand oO-BO min.

(5) Add~ 5 mg Pb* ¥ carrier, Heat the soln, ppt PbS by passing in
HZS gas to this solution as it cools., _

(6) Centrifuge, reppt PbS from the supernate.
(7) Evaporate supernate to dryness onto a Pt disc.

(8) This disc is set upon an aluminum platc and centered above a 5/8"
hole in this plate. An asbestos washer is nlaced above, On top
of the asbestos washer and covering the hole just above the sample
plate is placed a second platinum.disc, scotch taped to a 1/@ 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 heat for 5 seconds.
The cooled collector plate should then contain most of the Fr.

8/11/49
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CHENICAL SIPARATIONS

Element separcted: Radium Procedure by: Ikinke
Target material: Thorium (~ 10 gm metal) Time for sep'n: ~/ 8 hrse.
Type of bbdt: 184" full energy particles ~ Equipment required: Standard

plus centrifuges .of;
250 ml capacity
50 ml capacity
15 ml capacity
Tank HC1

Yield: 25-50%

Degree of purification: At least 707 from Thorium, and at least lO4 from
other alpha activities present in hlgh yield.

Advantages: Can be used to separate Ra with Ba carrier from large amounts of
target material and (if coupled with column separation) to pgive Wlehfless
fraction of Ra. :

Procedure:

(1) Dissolve the thorium metal target in concentrated HNO3 with dgops
of .2 I (WH,),SiF, soln added to make the sol'n ~ .,O1°H SiF
(A large bedkér should be used to prevent bubbling over in %hc
vigorous reaction. The solution needs %o be heated to start the
reactibn but once started the rcaction proceeds vigorously.) ~
Cont inue adding conc. HNO, and (NH ) SiF, solution until target
completely dissolves (moy be an hour or %wo for 25 mil pieces of
Th.)

(2) Evaporate off most cf HNO, leaving Th(NO,), crystals. Caution:
Do not evaporate to dryness or the nitra%e will turn to ThO
which is harder than the orisinal Th metal to dissolve. If some
ThO2 is accidentally formed use the same combination of conce.
HNO,, (NH, ),SiF, and heat to. dissolve it. ThO, is considerably
easier to dlssoﬁve immediately after formlng tﬁan after prolonged
heating and standing. (Sce 90- 4),

(3) Add 6 mg Ba*t carrier to the crystals and dilute with water to
™~ 30 cc. Transfer to 250 ml centrifuge botile.

(4) Add ~ 16 cc cone. NH,OH (precipitating Th(OQ) ) dllute to 200 co
with water and digest for several minuvtes.

(5) Centrifuge and pour off supn (containing Ba and Ra plus other
activities.)

(6) Dissolve ppt (amounting to ~ 125 cc volume) in~ 16 cc conc. HNO, »
(7) Add 3 mg Bat® carrier, dilute to~ 30 cc.

(8) Add~ 20 cc conc. NH,OH ppting the Th(OH) dilute to ~ 200 cc with
water and digest for severql minutes.

P~18-143
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(9) Centrifuge and pour of# supn.
(10) Repeat steps 6 through 9.

(11) Combine the threce supernatants from Steps 5, 9 and 10. Ivaporete
combined solutions until ~r 200 cc. volume and transfer to 250
ml cent. bottle. ’

(12) Add 5 mg La:++ carrier and precipitatc the La(OH), plus Th (0H),
from any Th ~ romainimg by the addition of conc N 4OH. Discard
prb. '

(13) Evaporate the supn %o ~/ 40 cc and repeat step 12.

(14) Add Na_CO, solution to the supn to ppt BaCO5 (carries Ra) digest
for severdl minutes. Centrifuge.

(15) Dissolve BaCO, ppt in minimum of concs HCL (one or two cc's pro-
bably enough)’

(16) Place in ice bath. Add double or triple volume of ether and
bubble in HCl gas until water end organic layers become miscible
and the Ba ppts out as the Baclz. Centrifuge.

(17) Dissolve the ppt in minimum of H,0.

(18) Repest steps 16 and 17 twice (total of 3 BaCl, pptns). Coution:
HCl-ether mixtures spatter rcadily when warmeg.

(19) The BaCl, can he used for a counting or further purification can be
made using & resin column.

Remarks:

Usually about'SO £ms ggsTh metal can be bombarded at once in the
cyclotron to produce the Ra . Hence the large centrifuge is necessary
for the separation of the original Th(OH)4 pptns and purifications.

The Th(OH), ppt is very bulky-occupying more than half of the tube in
step 4. Howecver, with the Ba = carrier added and the two reprecipitotions
of the thorium it is believed much of the Ra is recovered in the supernates.

The amounts of WH, OH and IHNO, used should be calculated rathor
closely so as to allow %ittlo excess, otherwise when the supn's arc
evaporated to as 40 cc (step 13) the solution will be saturated with
NH4NO3 and interfere with the BaCO3 pptns.

In step 13 some of the yield is lost through the solubility of some of

the BaCO,. This might be recovered by destroying the HHEH, NO, and
reducing “the volums drastically before the carbonate precipitation.

P-18-142 ' ‘ |
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Originally Ba and Ca were added as holdback carricrs in the Th(OH),
ppts. Tho Ca, howcver, did not scparatc as well from the Ba as cxpectcd
in the later parts of the »rocedurc.

Then working up 50 gms of Th, 10 gms at a time, rcsiducs might be
combined and further recovery of Ba lost in the original procedurc might
be mde. Also the BaCO, ppt of step 14 (first 10 gms) can be dissolved in
conc. HNO, and uscd as Sarricr for the various steps of succceding 10 gm
portions - thus reducing the total amount of BEa in the final samplo.

10 grams is about the maximum amount of thorium practical to work up
at onc time by this procedurc using 250 ml centrifuge bottless

If carrier free Rq is nceded, BaCO, can be pptd from thc water soln
of the cnd of step 18. This BaCO, can ée dissolved in acid pH 1-2 and
absorbed on Dowex 50 resin. The gr, Ba & Ra can then be eluted in that
order by citrate at pH 7.5-8.0 (See E. R. Tompkins JABCD-1998). This
column procedure, however, has nct been included in the runs made to datc.

8/24/49

P=18-255



88~2

CHEMICAL SEPARATIONS

Element separated: Radium Procedure by: Folger
A
Target material: ~v3 g U metal ' Tims for sep'n: ~J 1-1'1/2 hr.
Type of bbdt: 184" high energy particles Equipment required: Centri-
fuge, cones (50 ml-2 ml),
ice bath.

Yield: 50-75%

Dogree of purification:. nJ 105 from other elements -- sufficient for mass
spectrograph or ion exchange column.

Adventages: Gives good yicld of Re-Ba with only ~ 75 pg ocarrier.

Procedure:

(1) Dissolve target in small amount cone. HNO, (heat if neggssary ).
Add 100 pg Ba (as Ba (WO, )2 carrier sol'n)“and 20 mg Sr = carrier
(as nitrate). . :

(2) Add fuming HNO, to make up VY 25 ml and chill in ice bath for
10 minutes. Céntrifuge out Sr(WOS)z (Carries Ba & Ra).

(3) Dissolve in H, O, transfer to 15 ml cone and buffer with HAc +
NH Ac (1 ml 6 N HAc and 2 ml 6 N NH,Ac or pi 5- 6)s Add NV 5 mg
Pband ppt PbCr0, by add'n of 1.5 M NaZCrO to hot sol'n. Tash
with hot HAc & Nﬁ Ac buffer (1 ml To 2°ml ds above ) containing
1 drop 1.5 II Na CrO .

(4) Dissolve ppt in hot 2 N HC1l, pass in H,S to reduce Cr207= to Cr+3

and dil to 0.2 N, ppt Pbs, scavenge with few mg CuS.

(5) Boil out H.S, make basic with NH and ppt SrCO by adding 2 mg Sr
and a few drops 2 M NaZCO ‘

(6) Dissolve SrCO, in 1 drop 6 N HC1, boil out co s buffer with 1/2
ml 6 N Hac and 1 ml 6 N NH Ac (pH 5-6). Transfer to 5 ml cone,
addéng not more than 1'ml H,0. Heat to near boiling, add minimum
Pb " to ppt PbCrO4 with 1 drop 1.5 M Na CrO Centrifuge.

(7) Dissolve PbCr0, in 1 drop conc. HCl. Transfer 4o 2 ml cone with
1 ml HCl-ether reagent. Chill 10 min. in ice bath and centrifuge
out BaCl,*2H,0. Wash with 1/2 ml HCl~ether rcagent.

(8) Dissolve in 1 drop H,0 and add 1 drop 0.5 N HéSO Centrifuge

out BaSO4 for mass spectrograph.

~or (8a) Dissolwve ir 1 drop H,0 and add 1 drop 0.5 I NaOE plus 1 drop 2 H
Na_CO,. Centrifuge §aco and dissolve in 0.1 N HCL for equilibra-
tion with reosin for column run.
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Remarks: If the target sol'n is obtained in large volume, buffer with
NH,Ac until uranium ppt's out. Centrifuge and ppt PbCr0, from
supernatdnt (20 mg or more may be required). Remove Pb %y dissolving
the chromate in 1-2 N HC1, passing in H,S, diluting to 0.2 N and
ppt'n PbS. After H,S has been boiled out, the sol'n may be made basic
and SrCO,.ppt'd to Feduce tho volume. Follow with Sr(NO5)2, PbCro,
and Baclz-ZHZO ppt'ns.

For mass spectrograph work, steps 5 & 6 may boe replaced by:
(5-6a) Boil oyt H,S. Buffer to pH 5-6 and ppt min. PbCr0, by add'n

of Pb'" and 1.5 M Ma,Cr0,. Contrifuge. Washwith 2 drops
6 M NE, Ac,

U=

To remove oxcess alknli salts add:

(9) - TFume BaSO, to dryness to remove any NH,Cl. Take up in 1 drop
0.5 N HZS 4 Centrifupe and rewash with 1 drop 0.5 E-HZSO .

- For resin column separétion of Sr, Ba, and Ra see E, R. Toxﬁpkins
- AECD-1998. Elute from resin with citrate at pH 7.5-8.0.

8/23/49

P=18=274



89-1

CHEMICAL SEPARATIONS

Element separated: Actinium 295 226 * Procedure by; Hyde
(Procedure designed for Ac & Ac™TT)
Target material:; - Thorium metal Time for sep'n: 24 hours

(Two 25 mil foils 1 1/2" square
" bombarded on cdge) About 25 grams Th.

Typc of bbdt: protons from 184" Equipment requircd: Dbeakers,
' : ‘ centrifuge cones, 250 ml
‘separatory funnel, resin
column,automatic sampler,
pH meter. :

Yield: Not known - ¢stimated 75%

Degree of purlflcat&on Complete separation from all other clements Ey factor
of at least 107,

Proccdure:

(1) Dissolve thorium in hot conc. HHOS. Add 1 drop 1 N HF occasionally
: to catalyze dissolution. -

(2) Evaporate solution nearly to crystallization. Cool. Transfer to
250 ml pear-shaped separatory funncl., One which’has been modified
to provide a side funnel as shown in figure 1 is recommendcd.

(3) Add 1-2 volumes penta ether (dibutoxytetracthylenc glycol)*. Stir.
Lot settle. Drain aqueous layer into origjnal beaker. Drain
pentaether layer into bottle for storage.

(4) Return aqueous layer to tunnel. Add solid ammonium
nitrate with stirring until solution is saturated.
Add 2-3 volumes penta ther., Stir. Droin aqueous into
50 ml centrifuge cone. Drain pentaether layer into
storage bottle, - - '

el

(5) Repeat pcntqether extraction once again.affer adding
0.5 ml conc. HNO3 to replacc that extracted by solwvent.

(6) Aqueous layer in 50 ml centrifuge conc ccntrlfuged to scparaty last
ccls of pcntaetber which are pipetted off. :

(7) Add NH,OH to ppt last amounts of thorium as Th(0H),. This serves
to carry the actinium out of the salted solution. “VWash twice with
HOc ! - :
2

* It is quite important that the solution be cool before the solvent is
added as pentacther is rapidly decomposed by hot nitric acid.

#% Pentacther is used to extract the bulk of thc thorium away. The thorium
serves as its own salting agent in the first pass which cxtracts the bulk of
i+t and 'reducocs the aqueous volumc greatly.v’Subscquent extractions must be
aided by NH NO salting. Pal8=45
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Dissolve mixed hydroxides in minimum amount HCl. Dilutc to 5 ml.
Adjust pH to 1.5 ~==- 2.5%%* check with Beckman pH meter using
1 drop gless clectrode. Add 10 ml 0,15 M TTA in benzene. Stir.
Recheck and if necessary readjust pH. Stir well 10-20 minutes.

Contrifuge. Pipot off benzene layer containing thorium.

To aqueous add 10 ml fresh TTA. Stir, check pH. Stir 10-20 minutcs.

‘Centrifuge. Pipet off bengzene layer.

To aqueous layer conbaining actinium, rarc carth and other activitics
add NH4OH to adjust pH to between 5.5-7, 0w,

Add 10 ml.TTA-benzene. Stir. Recheck pH. Contact 20 minutes.

Pipet benzene layer containing actinium and rare earths into clecan
50 wl centrifuge conc. Re-cxtract activity into 2.5 ml 0.1 N HC1
by 2 minutes of stirring. -

At this point the only likely impurities arc rarc-earth fission
productse. If theso do not interfore, this solution may be considered
the final solution. If separation from rarc carths is desircd tho
following rcsin scparation is recommended.

Add o few mg of ammonium form colloidal dowex 50 resin to the dilute
HCl solution. Ylarm tO!/\GOOC in water bath for 2-3 nminutes. Centri-
fuge.

If assay of supernate indicates nearly complete adsorption on resin,
pipot the resin on to the top of a short rosin column. Elute with
5% citrate solution of pH 3.8 - 4.0. Usc a mechanical sampler to
teke samples every 20 minutes.

The rarec carth and actinium peaks can not be predicted accurately
cnough to climinate the necessity of alpha and beta counts to deter-
minc their locotion. The rare carth fractions come off in the '
first samples as indicated by thczsgta counts. The actigigm peak is
located by th lglpha counts of Ac « The clution of Bi and its
associated Po daughter alpha activity in the early fractions
obscurcs the location of the actiniETspeak unless samples arc pulsc
analyzed or unless the 47-minutc Bi is allowed to decay before
counting.

My experience with a column 6 om x 2 mm of colloidal resin cluted
with pH 3.9 citrate at a rate of 1 drop per 2.5 minutes was that the
rare carth fraction came off within two hours and the actinium
fraction, wcll scparated from the rare ecarths, startcd to comc off
after 5 hours and was sprcad over 2-3 hours. Othors (Orth & Street)
report much morc rapid clution under csscntially the same conditions.

%% An equal volume of TTA-bonzene will cxtract thorium cssentially completely
from an agqucous solution of pH>1. Actinium cxtraction is O at pH 2.5 or
less, is 10% at pH 4 and rises sharply to cssentially complete cxtraction at
pH 5.5 or greater. Sec Hagemann AECD 1933.

7/6/49

P~18=46



89-2

CH ‘MICAL SZPATATIONS

Element separated: Actinium ‘Procedurc by: Meinke
Parent material: Tracer PaZSO ) ) Time for sep'n: 3-4 hrs.
Milking experiment BEquipment required:

Standard, centrifuge
Yield: ~ 40%
Degree of purification: Facbtor of at least 1O7 from Pa, U and Th.

Advantages: Can separate very smll amounts of Ac from large amoun§§6of
Pa, U and Th activigy, In one experiment separatcd 500 d/m Ac from
10 gotal d/h of Pa and about equivalent amounts of U and 30 minute

Th22 .

Procedure:

22290 iy 6_§;HNOS after DIPK extractions (procedure 91-1)

(1) Take 10 cc of Pa soln and add 1/4 mg La**" and 5 mg ce™* carriers.
(2) Add 10 drops of conc HF te ppt the fluorides. Centrifuge.

(3) Metathesize ppt to La and Ce hydroxides by adding several ml of
conc KOH soln. ' Centrifuge out the hydroxides and wash once with
5 ml alkaline water.

(4) Dissolve ppt in few drops 6 N HCl and dilute %o 5 cc.

5, Discérd'ppt.

(5) Add 1/4 mg Zr™ carrier and H.PO, to make 3 E‘Poé-
Steps 2 through 5 are repeated alternately or consecutively until
the desired degree of purification is obtained. For the purifications
noted above, 10 flucride pptus and 9 phosphate ppins were made.
After the 10th fluoride ppt had been metathesized to the hydroxide,
the following procedure. was useds

(6) Disgolve hydrozide'ppt in 10 M HNO,, mike .0l M Fe™*™ and oxidize
Ce to Ce yith solid sodium bismuthate (Warm to speed up

reaction. ) (Ce+ will now carry on the er(Poé)4 ppt.)
(7) Repeat step (5).
(8) Repeat (2) and (3).

(9) Dissolve ppt in few drops 6 N HC1l, dilute to known volume and
plate aliquot for counting.

P-18-138
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Remorks:

The fluoride cycles decontaminate primarily from *  Pa, 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 Pa by this procedure
since it is difficult ‘Yo again get the Pa into an extractable form
once fluoride ion has been added.

It has been found that the LaCl solution makes a more adherent and
thinner plate -than the IaF ppt The amount of La"  carricr used

in step (1) should be deteFmined by the amount of bulk that can be

tolerated on the final plate. ' _

8/9/49
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CHEMICAL SEPARATIONS

Element separated: Thorium Procedurc by: MNeinke
Target material: Tracer Pa scparated from Time for sep'n: Several hours.

60" bbdt of ionium.

Type of bbdt: (Milking expt.) Equipment required: Stirrers
' and TTA

Yield: As high as 507 possible.

Degrcc f purification: Decontaminate from 107 o/m Pa, 10° c/m U and
8 0° ¢/m Ac

Advantages: Gives carrier-frece Th, a thin plate for pulse analysis and
" good purification although not speed.

Procedure:

(1) Nitric acid uscd throughout. Make sample 6 N acid and TTA
extract (with .4M TTA in bonzenc) 5 times with double volume
of TTA -- stirriBg 5 minutes for cach extraction. (Removes Pa
into TTA ~ 70% or more per pass).

(2) Ewvaporate 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 benzcne) otlrrlny 15
minutes. (Th into TTA but not U or Ac.)

(3) Repeat TTA extn of (2) with fresh TTA and combine the extns.

(4) Wash TTA with equal volumec of pH 1.0 soln for 15 min. (U con-
tamination into acid.)

(5) Wash TTA with 6 ¥ acid (equal volume) and ‘stir 15 min. (Th into
acid).

(6) Repeat parts (2), (3), and (4). (Repeat wash as in (4) if
necessary for further U purlflcatlon )

(7) Plate ouvt the .25 M TTA on P% plates and flame.

Remarks: See curves of Hagemann for % extn into TTA vs pH for Th and Ac.
At pH of 1 Th should go into the TTA almost completely but U should
only go in less than 10% -- perhaps as little as 2%. Ac will not
go into TTA until about pH 3 or so and of course Pa gooes in up to
about 6 or 8N acid.

pH conditions for separating Th from U by TTA extns are quite
criticall

Equivalent and molecular weight of TTA is 222 gms.

8/24,/49
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CHEMICAL SEPARLTIONS

Element separated: UKy (Thorium) Proccdurc by: D. B. Stewart
Twrgot material: U0, (10,) 'sﬁzo in which Time for sep'n: 24 hrs.
l has come to cquilibrium - :

Bquipment reguirced: 40 ml
centrifuge conc

Yicld: 50,000 - 10,000 c/m from 20 g UNH.
Degrec of purification: factor of v 106 from U.

Ldvantages: Good yicld with small amount of inert carrier (Very voluminous
insoluble precipitate) (Uranium docs not precipitate at all)

Proccdurc:

(1) Dissolve 20 g U0, (NO )2.6H 0 in 20-30 ml 0.01 N HNO, in a 40 ml
centrifuge cone and warm s&lution to about 80%C in°a hot wator
bath. 4dd 0.5 mg - 1 mg Zr carricr as nltrqtc.

(2) Ldd 5 ml of 2 saturated solution of m-nitrobonzoic acid in wator
and continuc warming for about 1 hr. Lct stand overnight.

(3) Centrifuge, decant supernatant, and wash Zr(C H, NO COO) twice with

0.01 N HNO5 + m=Nitrobecnzoic acid.

Romarks:

Saturated solution of m-nltrobcnzolo acld made up by dissolving 400
- mg. of the matcrial in 100 m1 H,0. Heabt to 80°C. Allow to stand soveral
hours & filter to romove cxcess and impurities.

7/5%/49
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80-3

CHEMICAL SEPARAT IONS

Element separated: Thorium Procedurc by: Meinke

Porent matorial: Tracer Pa and daughtoers Time for sep'n: n/ 3/4 hre
(both a & K)

Milking oxperiment Equipment required: standard

Yicld: Only ~s 40-50% Th por cycle

Degroe of purifieation: 2-3% Ac carricd per cyclc - other clements decon~
taminated by factor of at lecast 100,

Advantages: Good proccdurc if Th present in VY same amount as other
activitics.

Procodurc:
Pa daughters in 6 N HCL after milking from Pa in TTA (91-1).

(1) To ~/10 cc daughter soln add 1/2-1 mg zr*% carrior and cenoygh
H,PO, to meke s 4 M in PO4'. Centrifuge ppt (carries Th™ ).

(2) Add to the ppt 3 mg Lo’ ' carrior and dilute with 1 ¥ HCl. Add
HF,digest and centrifuge. '

(3) Hetathosize the fluoride ppt to hydroxide by adding conc KOH.
Centrifuge. Wash once with alkaline water.

(4) Dissolve in HCl and repoat steps 1-3 rcducing amount. of La carricr.

(5) Plate as the LaCl, soln, flame and count.

3

Rema rks :

er(PO )4 ppt quitc specific for carrying Th+4 from other clcmonts
. in“the "héavy regisn. Yield lost in the L£1F3-La(OH')5 pptns.

Do not use this procedurc if moro purification neocded than given by
2 cycles since the Th yicld will be very low,

1aCl, soln when evaporated sticks to Pt plates much better than the
ppts encountercd in this nrocedurc,

8/12/49
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90-4

Solution of Thorium letal and Thorium Dioxide

P L

Thoriuwm mctal can be dissolved rapidly in conc HC1 but a considerable
amount of black inscluble residue is formed in the process. If a few drops
of (NH,),SiF, solution {(enough to make ~ O.3 M) arc added to the HCl before
solution is started the black residuc is dissolved, leaving only a small

- residue of thorium oxide (<1%) in the clear solution. ‘

Thorium metal can be dissolved in cone. HNO, with the addition of
'(NH4) SiF6 (or HF) to .01, The metal bocomes passive to theé_solution
frof Zime‘to time requiring further additions of acid and SiFG_.

If the excess HNO, is ovaporated off carc should be taken not to allow
the solution to go combletely to dryness or difficultlysoluble ThO2 will
be formed. ' :

If it is desired to dissolve ThO.,, the HNOs-(NHQ)ZSiF solution should
be used and the mixturé heated with s%irring fof¥ sevéral hours. ThO2 when
first formed is much more soluble than after prolonged heating.

Note: A bombardment of 50 mg 13% ionium (Th250) in thorium (Th252) mixture
in the dioxide form should be mentioned here. The hydroxide was pptd ond
heated in a Pt crucible until only the dioxide remained Ni% is dioxide was
then packed into a Pt "boat" 1" x 1/2" x .085" and wet/a few drops of
sodium silicate soln. The mixbture was then dried under a heat lamp, more
silicate added and again dried. The boat was then flamed over a Fisher
burner. '

It was found that a target prepared this way could withstand considerable
. mechanical shock and also the high target temperature produced by the 60"
cyclotron deutcron beam without breaking the silica crust.

It was also found that the target material could be rather easily
scraped out of the boat and mostly dissolved in 5 or 6 hours -- after several

additions of HNOSfSiFS" soln.

Newton, Hydec, HMeinke

8/15/49
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91-1

CHEMICAL SEPARATIONS

Element sepsrated: Protactinium Procedurc by: Ilkinke

Target moterial: ~7 .10 gms Th metal Time for sep'n: 1'1/?—2 hrs.

Time of bbdt: 60" D' bbdt and 184" Equipment required: Centri-
bbdt all particles fuge Kjeldahl flasks,

Yield:

dry ice and stirrers.

Roughly 10% through entiro chemistry -

Degree gf purification: Separate from all elements by a factor of at least
107, For further purification from Cb and Zr do morc DIPK washes.

Advantages: Gives carrier~free Pa on weightless plates for pulse analysis
and counting. Purification can be made more cxtensive by rcpeating
individual steps.

Procedure:

(1)

(2)

(3)

(4)

(5)
(6)

(7)

(8)

(9)

(10)

 p_18-259

Nitric acid used except where indicated otherwise. Dissolve Th
metal in conc. HNO, ~/ .01 M in (NH4) SiF. soln (25 oc ecid and
3 or 4 drops of l/g i SiF6 soln usuafly Sufficient to dissolve
10 gms Th.) -

Dilute o ~ 4 }\_T_ acid and Th*? ccn. less than 0.65 M (Greater ccn.
of Th salt interfers with pptn.)

Add to 40 cc Th(NOs) soln in 4 ¥ HNO, an oxccss of Mn(NOS)z.
(L/2 cc of 50% solh %ufficient.)

Add 1.5 cc KO, soln (40 mg/cc). (Pa carricd quantitatively
on 1.5 gm/liter ¥n0, ppt-)

Digest over water bath, centrifure and pour off supn.

To ppt. add few drops of 4% Elacid and dissolve in a few drops of
sat., soln of NH20H-HC1- - : :

Dilute to rcquired volume and repeat pptns. three times,roducing<
volume ecach time. F inal volumec is a few cc's. '

Make soln 6 N HNO_ or HCl.. Extract with 2-3 times volume of di-
isopropyl kotone (DIPK) shoking together for 1/2 min. in Kjeldahl
flasks and separating phasos by freezing aqueous layer with dry
ice ~ ccctono mixturc. (Fa into DIPK ~v 60% yicld/pass).

Wash DIPK laycr with 3 washs of an equal volume of soln 1 § HNOS

and 3N NH4NO3 in successive flasks.

Pa then washed into 2 successive portions of .1 E.HNOS'



91-1 (page 2)

(11) DIPK extn repeated once and .1 N solns combined and made 6 N HNO,, «

(12) Equal volume of TTA (.4 M in bonzene) stirred for 5 min. with
the 6 N acid - (Pa into TTA.)

(13) Organic layer washed once with equal volume 6 ¥ HNO, «
(14) The Benzenc-ITA plated out on platinum.

Remarks: The om't of F introduced by the .OL put (NH ) SiF, is not enough-
to complex an appreciable amount of the Pa’. Tracos o% Pa goppt
with good yield from 1 - 5 N HNO, soln less than .65 MTh™ on 1.5
gm/liter MnO, with good separatidn from macro am!t of "Th. A concentra-
tion factor of at least 10 can be obtained by these pptn cycles.

Any Th and fission product that extract into DIPK are washed out in
the acid-salt washes. 0.1 N HNO, used to wash Pa out of DIPK keeps
Pa from hydrolyzing to the collold state.

The Pa must never get very near a neutral pH or i% Wlll go -into the
non-extractable colloid.

TTA scparates Pa from all elements formed in bbdt except Zr, Cb, and
Hf. DIPK extracts only Pa and U at thesc cons. InO, carries Pa,

Zr, Cb and maybe some others, but does eliminate things like E_which
might solvent extract through the other chemical procedures.

8/24/49
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91-2

CHE:ICAL SEPARATIONS

Tlement separated: Protactinium . Procedure by: Meinks

Target material: Th(NOS)4 or thérium metal Time for sen'n: 2 minute
minimum average 15 min.
with metal

Type of bbdt: 60".& 184" - all particlee ’ Equipment required: stirrer
Yield: 40-80%

Degree of purificaticn: Factor of at least 100 from all elements present
except 2r, Cb, Hf, ..

Advantages: Fast, weightless plate & Pa, good for alpha pulse analysis.
Zr & Cb fission products coming through procedure make Geiger counting
of Pa.impossible without more chemistry.

Procedure:

(1) Dissolve Th metal in conc. HNO, av. 01 M in (NH ) SiF, soln. (25 cc.
' a01d and 3 or 4 drops of I/B‘M Si FG sol'™n suf%1c1eng to dissolve
10 gms Th.) Th(NOS)4 can be dissolved directly in 4 N HNO,.

(2) Dilute to «~ 4 I acid.

(3) Add equal volume of TTA (.4 I in benzene) and stir for 5 minutes.
(Pa, 2r, Cb into organic layer). '

-

(4) If want somewhat better nurification wash TTA layer with equal

volume of 4 N HNO,,. (¥ay lose up to half Pa yield in this wash.)

(5) Plate out benzene-TTA layer on platinum.

‘Remarks: TTA sepafates Pa fromall elements formed in bbdt except Zr, Ch, & Hf,
This me thod ueed for excitation function work where as many as
16 foils are worked up simultanecusly. Identical amounts of reagents are

added and each sample subjected to the same procédure, giving aporoximately
equal chemical yields for each foil (to within 5 or 10%).

v

6/22/49.
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91-3
CHEMICAL SEPARATIONS

Element separated: Protactinium (~v 2 mg) ~ Procedure by: Crane

Removal of macro amounts of Pa from rare Time for sep'n: Several days
earths, Mn, Zr, iron

Yield: ~v 80% Equipment required: anion
' ' exchange. resin, beakers,
hot plate, centrifuge

Advantages: Takes Pa out of colloidal state
Procedure:

(1) Add ten times as much 2r™? as you have Pa (~v 20 mg of Zr+4) mo ke
3 Min HF and allow to stand for severcl hours. Then add excess
Ba¥2 ion; Pa carries on the BaZrF6 prt. :

(2) Check floride solution for Pa activity. If carrying not complete
add 10 mg Zr ~ and digest at low temperature for a few hours.

g * Pa ppts and dissolve in conc. HNO3 + boric acid.

(4) Dilute and precipitate 2r + P2 as hydroxide with KOH. ‘

' (3) Combine BaZrF

(5) Redissolve ppt in conc. HCl. Boil this solution for a few hours
then make HC1 8 M ang absorb on anion exchange resin (Dow 4-1
used in 20 e¢m x. T em” column; flow rate ~ 1 drop/min). ¥ash resin
with 8 M HC1. \ : ‘ ‘

(6) Elute with 4 M HCl., Pa will come off in ~ 15 column volumns.
(Uranium requires ~» 45 column volumns).

Alternate step for £ ): I desired and solution of Pa does not
contain too much Zr = and other floride complex ions the Pa
liél directly on the resin from a 3 M HF soln,

solution may be absor
washed with conc HCl/éluted with 4 Echl.

(7) Final solutions of HCl are then concentrated,made 6 M HCl and
Pa extracted into equal volume diisopropyl ketone. :

(8) The Pa is taken back into . «1 volume 0.1 M HNO, solution and
: mide 4 M in HC1l to keep Pa from forming colloid.

8/17/49
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92~1

CHEMICAL SEPARATIONS
. 4

Element separated: Uranium Procedure by: Crane
" Target material: v~20 gmof Th metal Time for sep'n: Several hrs.
Type of bbdt: 184" bbdt Equipment required: Centri-

fuge, Kjeldahl flasks,
dry ice and stirrers.

Yield: wA 90%

Degree of purification: Segarate all elements in Th fission by
factor greater than 107,

Advantages:

Procedure:

(1)

(2)

(3)

(4)

(5)

(6)
(7)
(8)
(9)

(10)

Remarks:’

6/16/49

Gives carrier free Uranium.

Nitric acid used except where indicated otherwise. Dissolve
Th metal in conc. HNO, &_w~ .01 M in (NH ) SiF, (50 cc acid
and w6 drops 1/5 M SIF, ~ Solution uuualiy sufflclent to
dissolve 20 gram Th metal).

Evaporate to near dryness & redissolve in 1 M HNO3 and

saturate with NﬁﬁNOS

Ether extract uranium using 3 separate portions of ether

and combining; wash twice with .1 M HNO, + 10 M NH,NO,.

3 4 3°

Extract uranium back into water solution. Add La carrier
v 1 mg/ec solution

ppt hydroxide with NH,OH. (carries uranium)

Dissolve in 6 M HNO, and add zrtt scavenger («n 1 mg/ec),
dilute to 3 N acid.
Add iodic acid to ppt ZrO(IOS)'2 to scavenge solution.

Remove superpnatent - and ppﬁ Ia+3 as hydroxide.

Dissolve in 1 M HNO,. Saturate with NH NO and ether
extract using 3 separate portions of etﬁer end comblnlng

Wash twice with .1 M HI\TO3 + 10 M Nh4NO3 and re-extract
uranium into water.

USe one part ether, two parts salt solution in extraction.
Wash with equal 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 Zr0(10, ) , otherwise
much yield will be lost. For ether e:tlmcmlon of uranium seo:

A+ S. Newton, Phys. Rev. 75 209 (1949).



Oréanic Acid

CHEMICAL SEPARAT IONS

Determigation: Acid equiwalent, i.e,, - Procedure bys: Newton &

H & carboxyl - MeDonell '
Tdrget material: Alcohols (ethanol) -+ Time: 10 min.
Type of bbdt: 10 Mev p . Equipment required: bure tte
o ' ' glassware

ield; quantitative
Degree of precision: Iz

Procedure:

(1) Dilute 5 cc of irradiated sample to 20 cc with water or neutral
ethanol. :

(2) Add 3 drops 1% phenolphthalein indicator solution.:
(3) Titrate with 0.1 N NaOH to sharp phenolphthalein end point.

(4) Acid equivalents = vol. of alkoli x normality.

Remarks:

A blank should be run on the ethanol to insure neutrality. Other
substances besides. free H and carbexyl that titrate fast

with NaOH include sevoral phenols, lactones (inner esters), and
some esters. These must be determined by further analysis.

References: Standard Orpanic Analyses Texts

8/12/49
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Organic-carbonyl

CHEMICAT, SEPARALTIONS

Substance determined: Carbonyl' Procedure by: Newton &
. McDonell
Target material: Aleohols (cthonol) Time for sep'n: one day

Typo of bbdt: p (10 lev) ‘ Equipment required:
' B Pyrex test tubes
burettes, pipettes
stean bath

Yicld: Quantitativo precise to + 1%
Procedure:

(1) To 5 cc( )(plpette acigsacy) of irradiated alcohol add 3 cc
hydroxylamine roa% 5& (pipette accuracy) and 5 cc of buffered
indicator reagent (graduated eylinder). Treat a blank of 5 cc
absolute alcohol identically in all steps. Seal in a/@%mb tubc.

(2) Heat in steam bath 2 hours(4)¢ 41low stond to.coolvovernight.
(3) Breck the bomb tubc, rinse quantitatively into a flask with measured
' portions of 957 ethanol. Treat blank identically.

4) Titrotc sample to e precnis ue end point color o e blank

le %o the h bl d t 1 f the blank

(or titrate both sample a?g)?%i?b to same end point color) with
alcohollc 0.5 N NaOH soln.

(5) Cale. equivalent wt. of aceitaldehyde from the difference in titres
of blank and samnle, assuming the titration is o hydrogen detecrmina-
tion by the reaction:

=0 | _
- + _ +
HeC-Coipr + H,N OH —sens) Hsc-g-NOH + H + H0

H + OH =3 H,0 (8)(9)
Remarks:

(1) About 0.001 moles of carbonyl is maximum sample size for the
Specified reagent quantltles.

(2) Prepare 0.5 M hydroxylamlne solution by dissolving 35 g of hydroxyl-
amine hydrochloride in 160 cc of dist water and diluting to 1 liter
with 95% ethanol.

(3) Prepare buffercd indicator soln, 20 cc C.P. pyridine to 1.0 cc of

1 percent nlcoholic brom phenol blue indicator and diluting to
500 cc with 95% cthenol.

P~18-171



Orzgnic-carbonyl
(Page 2)

(4) Excessive heating (5 hrs.) cousés a breakdown of the hydroxylamine

(5)
()
(7)

(8)

(9)

8/11/49
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salt with inaccurate results.,

Alcoholic 0.5 N NaOH is prepared with 90% methanol rather than
ethanol, since the latter oxidizes in air, producing an aldehydec
which resinifies in base, colbring the soln. Standardize vs
standard HCl. -

The water content must be nearly identical in blank & sample, since
it affocts indicator color and buffer action of pyridine.

The ond point co}ors may be matched to an ﬂccuracy within a fraction
of a drop, i.c. - 0.02 ml. v

The pyridine buffer allows effective;titration of liberatod H' +

without interference from excess HSN OH.

RCHO + HONH,® + N_// N RCH = NOH + H,0 + fm//——\\
\—

] \\__F e o .
Ref. Bryant & Smith JACS 57, 57 (1935). :



- Organic - Esters

CHEMICAL SEPARATIONS

Determination: Saponification : Procedure by: Newton &
Equivalent (esters) _  MeDonell
Target material: alecohols (ethanol) Time for sep'n: 1 day
Type of bbdt: p (10 Mev) ' ‘ Equipment required;
. ' o glasswore
steam bath

Yield: Qualitative only

Procedure:

(1)
(@)
(3)

(4)

Remarks:

(1)

()

S 8/12 /49
o P-18-155

1)

Seal 5 cc irradinted sample + 2 cc NaOH soln

in Pyrex -glass
test tube.. :

Heat for 2 Hrs. with occasional agitation in a steam bath. Treat

‘o blank ethanol samplc identically.

Cool tubss, break and finse into beaker. Add excess st?§3?§§ acid.
Titrote with standard NaOH to phenolphthalein end point .

Difference in quantity NaOH between blonk and sample as determined
in the §3Y£5tions is cited as equivalent to maximum possible
ester.( ‘

NoOH solution made by diluting ZO'N agq. NaOH to 1 N with absolute
etha.nol .

Presence of aldehydes causes brown discoloration (condensation
resins) of irradintod samples and yellow in the blank. Considerable
dilution is necessary %o enable an accurate visual end point deter-
mination. '

Alkali consuming interferences include Cannizzaro reaction on
aldehydes. Poly functional compounds such as B-diketones and B-keto
esters undergo cleavage, etoc.

It is emphasized that this procedure compriscs merély a qualitative
test for the easily saponifiable esters (ethyl acetate, ethyl
formate, methyl acctate, etc.) expected in ethanol bombardments.
For accurate determination in the presence of aldehydes, or for’
difficulty saponifiable esters, considerable refinement in pro-
cedure is necessary. Ref. Shriner and Fuson "Systemetic Ident.

of Org. Cpds."John Wiley & Sons, New York, 1948. p. 128 and other
standard organic analysis texts.



