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Chemical Procedures Used in Bombardment Work at Berkeley UCRL-~432
W. Tayne Meinke
Department of Chemistry, Radiation Laboratory
University of Califor nia

In the Nuclear Chemistry Group of the University of California
Radiation Iaboratory, chemists have for the past several years been
using many chemical procedures, separating at one tims or another about
75 of the 96 elements in the periodic table. These procedures vary from
simple single step processes requiring less than a minute to tedious week
long separations.

With new high energy accelerators either being plamned or being
built in many places,it has seemed worth while to compile the procedures
used at Berkeley. DMany times these procedures can be .used exactly as .
written but ﬁore often they will serve only as a starting point from which
the individuai can develop o procedure more suitable to his particular
problem. Their great advantage is that they have actually been used in
bombardment work for separating a particular element from all bther elements
present. |

This compilation begins with some general remarks applicable to chemi~
cal separations from targets that have been bombarded with high energy
particles. The remeining pages are indexed by atomic number and procedure
number, e.g., 40-1 is the first procedure for zirconium. Procedﬁres for
elements 90 and above are excluded pending declassification.

A brief explamation of the headings used is probably in order.
The yiela and degrze of purific;tion listed for each separation have in
meny cases been determined experimentally while in other cases they are only
the best guess of the chemist. These wvalues are included aé a general guide
to the person unfamiliar with the chemistry of a perticular 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 %o the time required to perform the opera-
tions listed; for fission work it does not include time for solution of
the target. Any special equipment required for the procedure has been
noted.

The portion of the heading reading "Procedure by" should actually
read "Procedure used by". It is not feasible in & report of this kind
to acknowledge all the sources of information that have gone into the
formulation of these procedures. Many are adaptations of the fission

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

l. RADIOCHEMICAL STUDIES: THE FISSION PRODUCTS, Volume 9, Div., IV

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

presenteé in standard books on analysis.

The type of bombardment for which each separation has been used is
also noted in the heading. Where no energies are indicated, one may |
assume the procedure applicable to full energy bombardments. The fuyll
energy particles of the accelerators used are:

184" cyolotron: 388 Mev alphas, 348 ligv protons, 194 Mev deuterons

60" cyclotron: 37 Mev alphas, 9.5 Mev protons, 19 Mev deuterons

Linear accelerator: 32 Mev protons

37" cyclotron: 16 lev protons

The purpose of this compilation was to make for our laboratory a
working file to which new procedures might be added ns they are developed.
The procedures were written up by the chemists using them and edited by
the author. When there were variations in target material, time for
separétion, or type of bombardment, separate procedures which may differ
only slightly were included. This was done in order that each procedure

might be as complete as possible within itself. P-18-294
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‘The euthor wishes to express his sincere thanks to the following
chemists who have made this compilation possible: N. E. Ballou, George
W. Barton, Roger E.'Batiel, Daniel P. Brooks, Stanley V. Castner, T. C.
Chu, Wm. W. Crane, Richard W. Fink, Robert L. Folger, Al‘Ghiorso, Robert
H. Goeckermann, 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.
McDonell, 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. Stewért, Kenneth Streef, Jr., Stanley G. Thompson, Geoffrey Wilkinson
and Richard Wolfe;

It is a pleasure to thank Dr. I. ferlman for his advice and assis-
tance in the preparation of this compilation. The careful work of Miss
Virginia Hempel in typing the manuscript is also greatly appreciated.

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

—

For the m.s., it is necessary to have the material in almost carrier-free
form-from .2 ug to 100 ug being the range of stable carrier allowed. Purity 15
not essential, as far as decontamination is concerned, since the mass spectro-
graph.does this. It is necessary torget the sample in a small volume, with a
minimum of carrier and a minimum of accompanying salts.

To accomplish this for most elements is quite difficult, but methods that
can be used are sugrested. An ion-eichange column gives the ideal producte.
Nearly all other methods depend on the.cérrying properties of homologues
for initial separation from thé target,vWith subsequent separation of the
carrier. For example, Ba may be carried on Pb, and left in soln by ppt PbS.
Tri-positive ions may be carried on Fe(OH)S, and the Fe extracted with ether,
leaving a carrier free solution.

A very good separation of Bi may be obtained by plating the Bi activity
(chemically) on Ni foil, dissolving the Ni in HWO,, and carrying the Bi away |
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 solution. .

Electroplating offers many unexploited possibilities, but should certainly
not be lost sight of, simply because it has not been used. For many metals,

it is possibly the best available method.

De G. Karraker

7/12/49
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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.
Following chemical separation of chlorine and the 11 elements chromium
through selenium, an analysis of the radiocactivities in each fraction showed
the presence of a btotal of 40 isotopes.

Bombardment Procedure:

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

The duration of a bombardment was usually one hour. The beam attainable
was about one microampere, but ceostly experience proved that the dissipa-
tion of the effective power caused volatilization of the target. Cutting

he beam intensity to 30% eliminated this loss of arsenic as proved by weigh-
ings made before and after bombardment.

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

Chemical Separations:

The separation of the isotopes produced by spallation into elemental
fractions was accomplished by chemical procedures. First the target was
dissolved in nitric acid. Second, inactive carrier ions were added, corres-
ponding to those elements we are concerned with., Finally, separations
were conducted by distillotions, 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 and 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 to one is
required. In the case that the isotope of one element deccays by electron-~
capture and the other by beta emission, then for the latter a separation
factor of only five is required, due to the relative differences in counting
efficiencies. Correspondingly, the elemental fraction of the electron-
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, other5§onsiderations must be applied.,
For example in the iron fraction only 47 day Fe =~ is observed, while the
longest gallium period is 3.ggdays. Thus whereas gallium isotopes are formed
in far greater yield than Fe ~, no chemical sep%§ation is necessary, since
all gallium isotopes will be dead before the Fe ™ has decayed appreciably.

- P~18-150
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General - 2 (page 2)

The quantity of a radioelement present is of the order of 10_15 mole.
Thus, while this amount would undergo distillation and extraction just as
milligram amounts of ‘the element, most precipitations could not occur since
solubility products would not be exceeded. Therefore milligram amounts of
the e¢lements are added to funotion as carriers., The exchange of the radio-
active isotopes with ions of the added carriers is believed to be complete
in hot acid solution. No evidence such as cross contamination or widely
varying specific osectivity indicated that this was not the case. Another
rcason for carriers is to minimize adsorption on precipitates.

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

1. The Germanium, Arsenic, Selenium Group.

These three elements may be distilled from 9 N hydrobromic acid and
bromine as the bromides. An alternative is to sublimc the arsenic before
dissolution in nitric acid. Vhen this is done arsenic and radioselenium
separate from the other radioclements. Germanium moy subsequently be separ-
ated from the residue by distillation with hydrochloric acid.

This group may also be procipitated by hydrogen sulfide in aocid 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 thc organic
layer with more hydrochloric acid removes other groups which extract to a
lossoer extent. .

3. Chromium, Manganese, Cobalt, Nickel, Copper, and Zinc.

This group can be separated from the first by the use of ammonium
sulfide. The sulfides arc usually dissolwed in concentrated nitric acid
in the presence of solid potassium chlorate, and subsequent procedures
scparate tho clements one at & time.

8/11/49
-18-149
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Diagram of Scparation Procedures.

Arsenic metal

Dissolve in HNOS, Cl

distil Clz. _*}Coflect in Héo
Add carriérs. Evap. Reduce, ppt., AgCl.
exXcess HNOS,reduco

with NH,OH,KI.

T ' ]
Add HZS hot. Se + 1
Reppt.
it
As 83 + GeS, + CuS
Dissdlve in NH40H
R -2 !
AsS3 s GeS _ Cus
Add"HC1, C1 5‘, distil. Dissolve with
HNOS, ppt CuSCN
| Tl
GeCI4
Reduce C1,, Add H_S, ppt. As,S
2 275
ppt. Gesz.
Reduce volume, oxidize, odd
6§1m1,cﬂwr
i - L
GaCl,_,PecCl Evaporatc excess HCl, add NH4OH,HZS.
add H,0, KbH -
] L I T
Gaoz' Fe(OH)3 Cr(OH),,MnS,CoS,NisS,
Adjuist pHS, ZnS. Bisgolve in fuming
Ga(OH)3 , , : HN03,0105 . hoa?;
cr,0.7%, Co**, §i*t, " 10,
DiiuZe to 1 NH, cool, Reppt.
H,0, other.
272
| ' L .
H CrO8 -+ Add NH@OH, demege
Scrub HéO, add HOH, Pb
PoCro, »
4 . N
co' ", 2n'" Acidify, Ni demeg,
add Zn reagent. Reppt.
f ’ 1
Evap., add NH,SCN Zan(SCN)4(?)
amyl alecohol - . Reppt.
{ I
Co(SCN)2
Add KOH

. i
Co(OH)z, dissolve HAc, add KCl, KNO,.

P-18-158 K500 (10, )g



00100703 49
- General 3

Exerpts from Thesis on Characteristics of Bismuth Fission with

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

Introduction:

The yields of nuclides resulting from 190 Mev deuteron fission of
bismuth were determined by studying the activities of 27 slements from
Z =20+t Z =63 ---~ Ca, Cr, Fe, Ni, Cu, Zn, Ga, As, Se, Br, Rb, Sr, ¥,
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-moduleted 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 waggnecessary to use an inbternal monitor--in this case 67 hr
f  -emitting ! "---in each bggbardment and measure all yields relative to
it. The absolute yield of lMo™ " _was 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 cm 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 Procedures:

The irradiated portion of the bismuth was dissolved in 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 sclutions had been prepared, by weighing out some suitable
compound to contain 10 mg/ml of the element. (A few of these carrier solutions
have been standardized and found to be accurate within 10%4.) One. or two ml
of this solution of an element was added to the aliquot of the bismuth solution
as carrier for the radioactive isotopes present, precautions to insure exchange
of active and inactive atoms taken in some cases, and the element purified
from 211 others which would interfere in the radioactivity measurements.
Rediocactive isotopes of most of the elements up to astatine are probebly pro-
duced to some extent but the predominant fission products are in the calcium
(20) to europium(63) region and the predominant spallation products are in
the hafnium(72 ) to astatine (85) region. From the determined fission cross
section it is estimated that the yield of spallation products is several
times 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 taredms 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. lbst 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
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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 alphe 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 producté of high-energy deuterons and alpha
particles of the 184" cyclotron: Y, ,.2r, 1@, 3¢, Ru,

Pd 47Ag, Cd, 4 In, 50Sn, Sbsgand40 Te.4er, ég Tc were no%5
1nvestlgated, and rgodlum proveé too d1f§1cu1t to remove from the complex
mixture. IHowever, 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 separation of a given element followed by
several renur¢;1catlon steps. A Lknown weight of carrier (usually twenty
milligrams in the form of a solution of a readily soluble salt) was always
added to the gross mixture of activities before chemical separations were
made. This procedure insures against the adsorption of any tracer activity
on foreign precipitates. The following procedure was found to work satis-
feotorily for the separation of those elements listed in table I except for
Zr, Cb and Tc.

The dimensions of the metallic antimony targets were about 1 mm x 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 contominating activities. In many instances, the procedures
were not suitable to the determination of periods of the order of one-hour
half-life, due to the %ime 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 elemewks is
not seriously impaired.

8/11/49
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Exerpts from Thosis on Rad10~ct1v1t1es Produced in.the letlnum Group by
Bombordment of Uranium with 400 Mev Helium lons

(UCRL~123) - Richard D. Wolfe

Abstract:

The purpose of the investigation was to determine the yield of
radioactivities of the platinum group metals (ruthenium, rhodium, palladium,
osmium, iridium, and platinum) produced when natural uranium is bombarded
with 400 Ilev 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.ss number may change from a fission-yield curve to a spallatlon-yleld
curve. In addition, the first three lie in a region which should indicate
whether the center of the curve has a dip (as does the slow-neutron fission-
yield curve), or a single maximum indicating symmetrical fission (as in
the case of bismuth and thorium).

Rediochemistry of the Platinum Elements

‘The chemistry of the six platinum eloments Rh, Pd and
Ir, Pt is notoriously complex. Their separa%lon, purlflcatlon, ang
quant1%ative¢determination is o classical »roblem of long standing. The
electron configuration of the first three partially fills the 44 orbit, with
the possibility of adding 10, 9, and 8 clectrons respectively for ruthenium,
rhodium, and palladium in order to f£ill out the 5s and 5p orbits and form
the stuble noble-gos configuration of . ,Xe. Similarly, osmium, iridium,

and platinum partially £ill the 54 orb1%, and can add 10, 9, and 8 electrons
respectively, filling the 6s and 6p orbits to attain the noble gas structure
of _.Bn. Because of this electron structure,all six elements enter into

a vast number of coordination complexes, with almost any radical or element,
charged or neutral, which can furnish an unpaired electron. Their chemistry
is thus characterized 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 thom quantitatively out of
solution.

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

4, Anclysis of Platinum Metals, Bur. of Standards Sci. Paper No. 532
Ti936); Jour. of Res. 3, 993 (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., Ed. 8, 1417 (1936), 9, 420 (1937);
Am. Ifineral 22, 1016 (1937); licrochem. 24, 20 (1938),

these schcomes are gencrally inapplicable, without extensive modification,
to fission product procedures, In the first ploce, the classic methods
oim ot separating the platinum metals from orcs or naturally occurring

. sources, where contominating substances are relatively fow, and are fairly

P-18-208
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well knovm as to type. Secondly, these schemes aim at quantitaﬁive deter-
mination of the platinum elements, entailing precise, time consuming,
cumbersome, and involved chemical procedures.

The fission product procedure for these elements has a different aim.
Llthough 100% recovery of the six elemenbts sought is not reguired provided
their chemical yield can be ascertained, decontaménation factors from other
radioactive elements must often be as large as 10 and sometimes larger,
since activities in osmium, iridium, and platinum are very low compared to
activities of contaminants. In addition, separation must be mode 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 observa-
tion of the shorter-lived periods.

“7ith 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 extant. Thet 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 dis%tilling osmium
tetroxide seemed adaptable to the requirements. Thus the separation of
iridium, rhodium, and platinum comprised the chief problems.

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

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

. B . e

identiecally 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 (1908), 153, 60 (1911); Bull Soc.
Chim. (4) 3, 906 (1908), (4) 9, 710, 771 (1911); Ann. Chim. Phys. (9),
7, 277 (191I7), (9) 19, 5, 145 (1923); A. Gutbeier and D. Hoyermann,
Zeit. Anorg. Chem. 89, 340 (1914).

~——

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

The method is mrticularly clegant since it. separabtes in one step from the
bulk of uronium in the solution, and from all of the non-platinum group
fission products except silver, Subsequent separation of rhodium from
iridium was achieved by adapting the method of Gilehrist and Wichers ,

——— -

7. Gilchrist, R., ond E. Wichers, Jour. Am. Chem. Soc. 57, 2565 (1935).

e

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

P-18-209
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Based on the use of ethyl acetate to extract platinums, & 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. Butyl acetate was found
preferable to ethyl acetate because of lower water solubility.

The target for each bombardment consisted of a small strip of uronium
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 a
probe into the vacuum chamber 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 encumber the chemistry
with too much inactive material. It was found desirable to clean the
target in nitric acid and keep it in an evacuated 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 & known amount of
standardized carrier at the start (ca 20 mg for each element), and by determin-
ing the weight of each element recovered. Osmium, iridium, platinum, ruthen-
ium, and rhodium were determined as the elements by precipitation with
magnesium, Palladium was determined as Pd(CéH N 02) » the palladium compound
of dimethylglyoxime., Barium is determined a$s %nélz.ﬁz

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 carrisr lost during chemical separations,
this being also a measure of the amount of radioactivity lost.

In general the degree of chem cal purification necessary depends on
the yield and countlng 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. With the desired element in
solution under conditions which will precipitate one or more of the possible
contaminants, small amounts of carriers for the interfering elements are
added and repeated precipitations made.

In order %o remove the majority of the solids from the solution, the
copper 1s precipitated from a 1 N HCl solution free of oxidizing agents.
Sulfide precipitations can be used as a volume reduction step since most
of the elements 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 be
removed.

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

P-18-192
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"SEPARATION FROCEDURE

Copper Foil

Dissolve in HNO

5’
distill Cl2
¥ Cl, collecet in
add carriers in Hzé and KOH. Ppt
iy HC1 and HZS AgCE and reppt
Supe rnate ) CuS - dissolve conc.

NH,OH and H,S HNO, - HCl to get
|8 2 rid of HNO,. Reduce
Cu SCN ppt,reppt as

supnt. . CuSCN

scaéenge and ppt Ca

as Caczo ,reppt with sulfides
additional scavenge : treat with 1 N HC1
$ extract sulfides
ppt ZnS from hot dissolve fuming HNO, -
acetic acid - reppt add supnt from HAc =~
as Zan(SCN)4 boil, make 12 ~ 14 N
_ HNO3 - ppt MnO,
supernate
1N HNO5 ‘ Mhoz
Hzo2 sxtract ' reppt Mnoz
Cr wash with H20
Fe (OH)S,Tl(OH)s,Sc(OfI)s
L enm |
- NH OH-}
extract Fe o OH-1H, 01 ' o
} ] Cr~ finally as
_ : T BaCr0
pH 2.5 Fo Co” "-Ni 4
extract Se 4 extract into H,0
‘I‘T.Al make 6 N HCl and
B and re-extract Co as KLo(NO,), from hot 3 N Hic

re-extract ppt Ti reppt

Se as KTi(IO5)4 ]
1.6 .I_\T_ HI\TO;,)
Ni as NiDMG from acetic
acid soln. dissolve in

conc HCl reppt and weigh
as NiDMz

8,/16 /49

P-18-193
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General. 7

Fission and Spallation of Uranium with High Energy Particles - R. Folger

‘ General Remarks:

(1)

(2)

(3)

(4)

{5)

(6)

(7)

8/15/49

P~18-200

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 HC1 (NO " excluded.) After
solution, these elements may be distilled”from aqua regia by add'n
of HNO, and heating. '

When looking for Ag, Ge, Sr,, the tafget should be dissolved in
conc. HNO,.

3
Ppting uranium by passing in NH, removes a large group of elements
in the form of ammonis complexe§ (Co, Ni, Cu, Ag, Cd, Pd)

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

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

Scavenges arc useful both to mechanically adsorb ngrmally insoluble
compounds present in trace quantities and tO/ggrEQi contaminants.
Good scavenging agents easily pftd'completely,are Fe(OH)s, AgCl

from 4 N HI\TOS, CuS from 0.5 NH.

Where chemical considerations permit it is usually helpful to add
carriers for all elements sought directly to the original target
soln. The aliquot taken for a particular element is then measured
by the chemical yield of that element. In the case of Ag this
procedure is necessary because trace quantities of this element are
rapidly adsorbed by glass.,
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General=8

Exerpts from Papei on "The Fission of Thorium with Alpha Particles"

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

Experimental 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.
Hamilton) on the Crocker Laboratory cyclotron, a 3 1/?-inch diameter
thorium backing plate 1/8 inch thick was used. After bombardment a
radiocautograph of the disk was made to determine the active aren. 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 ocould be determined. The milling removed
about 95 percent of the total beta- and gamma-activity from the target.

In addition to this, three shortecr 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 technigue used in determining the fission yields was the standard
chemical technique as used on the Plutonium Project. The bombarded sample
was dissolved in either hydrochloric or nitric acid, a small amount of
ammonium flucsilicate being added as a catalysts. The solution was diluted
to a known volume and stored in Lusteroid btubes inside a glass tube %o
prevent loss of activity by adsorption on glass and evaporation of the
solution. Aliquots were token for debermination of each desired element.
In each fraction, carrier was added for the clement to be separated, and
the clement chemically separated and decontaminated from other activities.
The element was then precipitated in o 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~upe.

In all bombardments the 300-hr. Bal4o was separated in order to offer
o rough check on the bombardment. The chemical methods used in the
isolation werc modifications of those developed for the fission products
by the Plutonium Project.

8/16/49

P-18-191
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Procedures for Filtering, Drying, Weighing and
Mounting Precipitates

Amos S. Newton

The following procedures arc useful in methods where a suitable aliquot
of the bombarded ma’erial is taken so that the entire precipitate of the element
desired can be counsad. This is the mos+t accurate procedurc for determining
chemical yields ond allows maximum usec of the original bombarded materials
A lmown amount of earrier is added to the aliquot of the original solution,
the element chemicnlly purified, and precipitated in a suitable form.

Precipitateos which are crystalline or in other easily filtercd forms
can be filtered on a Hirsch funnel (Coors size 00 or O0CA are suitable).‘
A tared piecc of filter pape- 1 3/16" diameter (a half dollar can be used
as a form for custing filter paper) is placed in the bottom and the preci-
pitate transferred to the paper.and distributed cvenly on the paper with o
transfer pipett:, being careful not to allow the precipitate to run off the
edges of the paper. Any washing liquids can be transferred to the filter
paper in the ssme manner.

Precipitates are dried by evacuation or in the 110° oven. In goneral
those precipicates which form hydrates arc driecd by cvacuation using a standard
procedurc for a given precipitate which has been shown to give the desired
hydrate. Oven drying or longer evacuation of such precipitates should be
avoided as the commosition will be different. The filter paper should be
treated with the same reagents, washed, and dried in the same manner as the
final precipitate, and woeighed in order to get the tared weight of the mper.

Since filter paper takes up water rapidly after drying, it will gain
woight rapidly on the balancc unless means are taken to avoid atmospheric
contact., A suitable weighing container for these filter papers can be made
by grinding the lips of two thin 50 mm watch sglasscs flat with 200 mesh
carborundum against a flot piecc of glass, being carsful to rotate pressurc
points during grinding to keep the ground area perfectly flat. These are
then fitted together to form a small chamber. The uptalke of water by a filter

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

should be completed within 2 minutes after taking the paper from the vacuum
desiccator or owen. It is both unnecessary and undesirable to put the watch
glass weighing chamber in the oven or desiccator. If it is left in equilibrium
with the balancc casc at all times weights will be more reproducible. Also

of coursc onc 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 centor of
o standard 2 1/2" x 3 1/2" cardboard card. It is hcld in place by a picoe
of 2 1/2" x 2" scotch tape in which a ccllophanc window 1 3/16" diameter
has been made, being carcful to place the window dizcctly over the sample.
The collophanc has a thickness of only ~v 2.6 mg/cm~ compared to nJ9.6 mg/bm
for thin scotch tape and ~u 13 mg/em” for the 2" wide material.

P-18-196
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The scotch tapc with cellophanc windows can be preparcd ahoad of time
as follows., A picce of scotch tape 2 1/2" long is cut from a 2" wide roll
and placed sticky side down on a piecc of plate glass. The hole 1 3/16"
diameter is thon cut with a large cork borer (one can be made from the holder
for 50 ml centrifuge comes if a suitable picce of brass tubing cannot be
found). The conter hole is lifted out, the outside scction lifted up and
placed over a picec of cellophanc 1 3/8" diameter so that the ccllophanc
is even all around the holc., When one corner of this sample cover is
stuck to a bottle for storage, it will kocp for about 2 wocks before tho
stickiness of the scotch tape is lost, probably duc to drying out of the
adhesive.

Preeipitatos which arc ignited (8n, Zr) arc filterced on ashless filter
paper and ignited in a porcelain crucible. The material is then carefully
transferrod to a tarcd paper, carcfully sproad and woighed. The paper is then
moistened with a fow drops of dilutc collodion in cther %o hold the ppt in
placc. It is thon mounted like any other precipitate. Only that material
which is mounted is weighed as the chemical yicld determination is made on
the mtorial which is counted.

Examples of Drying and Weighing Methods

Ppts dricd at 110°

Element Ppt. Timc (min.) drying ieigh as
Ag AgCl 10 AgCl
Br AgBr 10 AgBr
I Agl 10 AgI
Mo AgyMo0, 15 Ag,Xo0, |
Pd Pd (dimcthyl glyoxime) 10 ' Pd(C8N4O4H17)
Cs CsClO4 10 CsClO4
Te Te (metal) 10 Te
Ru Ru (mctal) 10 . _ Ru
cd CdNH,PO,.H,0 10 CANH, PO, +1L,0
Ppts dried by cvacuation
Element Ppt. Time Evacuation Teigh as
Sr Srczo4 (2 mine,rclecasc, 5 min.) SrCZO4.HZO
Ba BaCl, (2 min.,rclcase, 5 min.) BaClz;HZO
Rare earths R'E'2(0204)5 (2 mini,releage,.Z ?in., ) La2(0204)3;8H20
release, 3 min. 002(0204)3'10Hé0
,Prz(czo4)3'.9ﬁzo
Yz(CZO4)3.7HéO
. Buy (0204)3.10H20

8/16/49

P~18-194
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CHEMICAL SEPARAT JONS
Element separated: Sodium Proccdure by: D. B. Stewart
Target material: Aluminum alloy Time for sep!n: nJ 8 hrs.
95% Al, 2.25% Mg, 0.25% Cr(+Fe & Cu) .
Type of bbdt: 184" deuterons Equipment required: Centri-

fuge cone, beaker

Yield: ) 60%

Derpree of purification: 1O4 from Al, others unknown

Procedure::

(1)

(2)

(3)

(4)

8/24/49

P~18-26Y

Dissolve aluminum in 6 N HCl. -Add 50 mg Na and 10 - 20 py gy
carriers. -

Prccipitate AlL(OH), with slight excess of NH,OH. Centrifuge,
pour off supernatert. Dissolve first precipitate in HC1 and
repeat, adding the 2nd supernatant %o the original.

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

Acigify filtrate with HCl or HNO, and evaporate to dryness.

NH, salts can be guickly destroyed by boiling with a 1:4 HCl-HNO5
mixture. Residue is mixture of NaCl and Na2804.
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CHEMICAL SEPARATIONS

Element separated: MNpgnesium

Target material: Aluminum alloy
95% Al, 2.25% g, 0.25% Cr(+Fc & Cu)
Type of bbdt: 184" deuterons

Yield: 90-100%

Degree of purification: lO4 from Al and Cu

Procedure:

(1)

Cu carriers.
()

(3) Boil filtrate to expel H,S.

than 50 ml (or %o give Eul mg 1

Dissolve aluminum in minimum dilute HC1.
Dilute to about 0.3N - HCl.

Saturate solution with HZS to precipitate CuS.
precipitate with 0.1 N -"HC1l containing a little HyS

12-1

Procedure by: D¢ B. Stewart

Time for sep'n: 4 hrs.

Equipment required: Beakers,

filter funnels

Add 25 mg lg and 5 ng

Filter. Wash

Volume of sol'n should be greater
/2 ml solution).

Add 2-5 g

tartaric acid, or slight excess over the amount required to

complex the aluminum.

Neutralize with NH

4OH and make just

acid with 1 drop of HCl. Warm slightly.

(4) _

- stirring, unti
solution.
Mg (NH4)2PO x

8/24/49

P-18-266

Add 2 g (NH ,) HP04/1OO'ml solution and NH,OH dropwise with
neutral, and then 10 ml conc. NH,0E/100 ml
Iet stand 1 hr. or morc %o allow formation of
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15~1
CHEMICAL SEPARATIONS
Element separated: Phosphorous Procedure by: Batzel
Target material: O | Time for sep'n: 2 hrs.
Type of bbdt: All 184" and 60" Equipment required: Standard

Yield: 604

Degree of purification: Factor of 100 from all activities prosent oxcept
vonadium. Probably factor of 50 from V.

Procedurc:

(1) Dpissolve target in HNO,. Add 5 mg P as POI,-3 and ncutralize
most of froc ccid with NH,OH. .

(2) Nhkg 1 N in HNO and add ammonium molybdate to the warm solution
(50 C) (add 6 @l of molybdate for every 4 mg of P).

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

(4) Dissolve with NH,OH citratec solution and add HC1l until tho ppt
that forms disso%vcs with difficulty. Add 5 mg vonadium holdback
carrier.

(5) Bubble SO, through the solubion to roduse VO,  to VO''. "Add 2 ml
of cold MgCl, mixturc - allow to settle 5 minutes and add conc

NE,OH until Solution is 1/4 of original volumec. Allow to settle
for 15 min. Contrifuge and wash precipitate with 1:4 NHAOH:HZO.

(6) Add 5 mg vanadium holdback carrier and repeat step (5).
(7) Dissolve ppt in 1 X HNO,.
(8) Repcat (2) and (3).

(9) Weigh as ammonium phosphomolybdate.
Ref. Scott!s Standard Methods of Chemical Analysis, Vol. I, page 694.

I. M. Kolthoff & Saondell, E.B., Textbook of Quantitative Inorganic

Analysis, page 368.
Remrks:

Vanodium ¢o ppbs with phosphorus if it is in Vﬁs stato. It should be

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

8/24/49

P-18-261
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17-1
CHEMICAL SEPARATIQHS
Element separated: Chlorine Procedure by: Batzel
Target materialk Copper ‘ Time for scp'n: 30 minutes
Type of bbdt: All - Equipment required: standard

Yield: 60%

3

Degree of purification: 10

Procedure:

(1) Dissolve the copper in concentrated HNO, containing 5 mg of chlorine
carrier (1-2 ml concentrated HNO5 for 071-0.3 grams copper foil)

(2) Distill the chlorine into a centrifuge tube containing 2 cc of water,
2-3 drops of concentrated HNO,, and sufficient AgNO, to precipitate
. 3 3
the chlorine as AgCl.

(3) Heat almost to boiling, centrifure the precipitate and wash with
S cc of 2N HNOS. :

(4) Dissolve the AgCl in 3 cc of 5 N NH,OH and add a drop of holdback
, carriers from standard 10 mg/hl—éolns, for Cu, Ni, Co, 2n, Fe(add
es nitrates or sulfates) and then cdd 2 drops of 0.5 N KI.

(5) Centrifuge and wash the precipitate with 2 cc of 5 N NH,OH. Add
the wash to the supernate and add excess AgNO3 to precipitate the
excess iodide (5 drops of 0.5 N AgNOS).

(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 twlIce with 3 ml portions of 2 N HNO,. The preci-
pitate can be plated directly or dissolved in NH4OH and an aliquot
taken..

Remarks: If an appreciable amount of copper is to be dissolved the heat of

recaction may drive the chlorime 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. 1In case bromine is present it may be removed by making
the solution 0.5 M in HI\TO3 before precipitation, adding 5 mg of Br
carrier, 0.25 grams of ammonium persulfate and beciling, 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

P-18-58
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19-1
CHEMICAL SEPARATIONS
Element separated: Potassium Procedure by: Brooks
Target material: LiCl Time for sep™m: 1 hr.
Type of bbdt: alpha 20-60 Mev EBquipment required: Small

centrifuge tubes, 725%
perchloric acid

Yield: AQuantitative is possible
Degree of purification: Radio chemically pure possibiy.

Advantages: Simplicity and speed.

Procedure:
(1) Dissolve LiCl in about 3 co water add KCI carrier (v« 20 mg)

(2). Add w~ 5 cc of 72% HClo4 and cool in ice.

(3) Centrifuge.
(4) The KClO, may be recrystallized as many times as desired

by heating it to v 90°C with 1 cc of 72% HClO and then
cooling in ice.

Remarks: 4 recrystallizations can be made in 1 hour of chemistry.
About l/?p i Zlost per recrystellization by doing it this fast.
A trace of P°° sometimes was not removed by this chemistry.

NH,* salts interfere. Separation from Na is good. No Rb or Cs

contamination was found.

6/16/49

P-18-3
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19-2
CHEMICAL SEPARATIONS N
Element separated: Potassium : Procédure by: Brooks
Target material: LiCl Time for septn: 40 nmin.
or less
Type of bbdt: alpha 20-60 Mev Equipment required: Napthol

yellow S reagent
Yield: 50% or more depending on speed required.
Degree of purification: Radiochemically pure is possible.

Advantages: Fast and simple

Procedure:
(1) Dissolve LiCl in w5 cc of H20
(2) Add 10 cc of Napthol-yellow=S (5% solution) cool and centrifuge.
(3) Recrystallize from about 5 cc of NYS 5% in ice.

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

(5) Scavenge with Fe(OH)s.

Remarks: NH4+ salts interfere

6/16/49 ,

P=18-2
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20-1
CHEMICAL SEPARATIONS
Element separated; Calcium : Procedure by: Goeckermann
Target material: wvnlg Bi metal  Time for sep'n: Few hrs.
Type of bbdt: 184" bbdt all particles Eqﬁipment required: Centrie-

fuge

Yicld: v 20%

Degree of purification: 30 ¢/m of Cavseparated from yNa millicurie of
fission and spallation products.

Advantages: Separates Ca from all other elements.

V4
Procedure:

(1)

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

(6)
(7)
(8)

©)

(10)
(11)
(12)

6/27/49

P=18=25

To aliquot of HNO, solfn of Bi, add 20 mg Ca and 10 mg ecach of
Ru, Cb, Fe, & La.” Make 0.5 N in HC1l & ppt with H,S.

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

Boil out st & ppt with NH3.

Add 10 mg Fe & Y to supn & repeat NH3 pptn.

Boil down to w& 5 ml, add 10 mg Ba & Sr, & ppt with cold fuming
HNO .«

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

Add Sr alone & repeat two times more.

Boil down to W 5 ml, add 5 ml sat (NH4)2C204, & make basic with

NHS'

Dissolve CaC,0, ppt in HNO,, destroy €,0 ~ with KC10,, & make basic

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

Repeat step (5)

Boil supn.down to wh & ml, make basic with NH,, heat, add 5 ml sat
(NH;) ¢,0, slowly. Stir 2 min, filter, wash Phree times with 5 ml
H,0, %hree times with 5 ml 95% E#0OH, three times with 5 ml ether.
Dy in vacuum dessicator -~ 2 min. evac, release, 5 min evac.
Weigh as CaCy0, (32 mg per 10 mg Ca).
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20~2
CHEMICAL SEPARATIONS
Element separated: 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: 105 1' -

Advantages: Pure fraction with good yield,

Procedure:

(1)

(2)

(3)

(4)
(5)

(6)
(7)

(8)

Remarks:

(1)

8/4/49

P~18«133

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

Precipitate the sulfides with H_S. Add holdback carriers and scave
enge with another sulfide precivitation. Repeat.

Boil to remove the H.,S and make acid with oxalic acid. Add 5 ml
of 4% (WH )g°z°4 and allow precipitate to settle for 10 minutes in

a steam bgt

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

Dissolve the precipitate in 6 N HNO, and add & crystal of KC10, to
remove oxalate ions.

Make ammonical and scavenge 2 times with Fe(OH)s.

‘Make acid with oxalic acid and add 3 cc of 4% (NH4)20204. Allow

to settle for 10 minutes on a steam bath.

Centrifuge, wash, filter, and dry at 100° C. The precipitate is

weighed as Ca0204.HéO. c

Sec Scott's Standard Methods of Chemical Analysis, Page 2i0—211,
Vol. I, Fifth Edition, 1939.
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20-3
CHEMICAL SEPARATI ONS
Element separated: Calecium Procedure by: Stewart-Softky
Target material: Copper (up to 10 g) Time for septn: 4 hrs.
Type of bbdt: Neutrons 184" ' Equipment required:

200 ml stainless steel beaker
Pt stirrer electrode

D. C. source

200 ml centrifuge cone

Yiold: 60 - 80%

Dogree of purification: lO6 from Cu

Procedurc:

(1)

(2)

(3)

(4)

(5)

8/24/49

P~18-265

Dissolve Cu in minimum dilute HNO, in a staiﬁless steel beaker,
add 10 mg Ca carrier as nitrate ond 2-3 drops of conc. Hésoé.
Dilute to 100-150 ml.

Electrodeposit copper at 2-3 volts using the beaker as the
cathode 2nd a rotating platinum anode. ZXeep the stainless
stecl beaker in an ice bath during the electrolysis.

When solution is watcr-white remove the anodc and transfer the

solution quickiy to a 200 ml centrifuge cone. Neoutralize with

NH4OH and make just acid with HNOs. Tlarm in & hot water bath.

Add 20 g crystalline ammonium oxalate and stir solution for 30

minutes, lmweping it warm. Transfer to an ice bath and continue
stirring for another 30 minutes.

Iet settle, and finally centrifuge. Pipet off the supernatant.

Wosh Caf, 0, with hot water containing a little (NH,),C,0, until
2 . 4727274

wash solution is colorless.
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21-1
CHEMICAL SEPARATIONS
Element scparated: Scandium Procedure by: Batzel
Target materiél: Copper . Time for sep'n: 1 1/2 hr.
Type of bbdt: All 60" and 184" Equipment required: Standafd

Yield: 60%
Degree of purification: Factor of 100 from other activitics prescnt.
Procedure:

(1) Dissolve copper in minimum amount of HNQ,. Boil to remove excess.
Add 5 mg of Sc and other carriers. Adjust to 1 N in HCl and treat
with HyS (Cus out).

(2) Boil to remove H,S, add NH,OH and NH4C1 till ammonical. Centrifuge
and wash ppt witﬁ hot NH@C% solution.

(3) Dissolve ppt in HCl and make 6 N_ in HCl.. Extract Fe 3 times with
equal volume c¢thyl acetate. Add~3 mg of Fe carrier and again
extract Fe.

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

(6) Extract into 1 N HCl with two 3 ml portions.

(6) Ppt the Sc as hydroxide with NaOH. Yash with H,0. Repeat tho
extraction with fresh TTA.

(7) The scandium can be weighed as Sc

0z after precipitation as Sc(OH)S
and ignition.

2

8/15/49

P-18~203
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231
CHEINICAL SEPARAT IONS
Element separated: Vanadium Procedure by: Batzel
Target material: Copper foil (v~ 1 gm.) Time for sep'n: A 2 hours
Type of bbdt: 184-inch, all. Equipment required: Standard

Yield: Fair (undetermined)

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

Procedure:

(1)
(2)

(3)

(4)

(5)

(6)

(7)

(8)

(e)

(10)

Remarks:

8/29/49

Dissolve target in minimum amount of conc. HNOB, add carriers, Zn
through Cl, boil off HNOz, and mke 1 N in HCIl.

Add H,S, centrifuge off copper. Wash copper with 1 N HCl ard re-
saturate with HBS' Add wash to supernate.

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 conce. Hﬁosg cautiously add
KCIO3 and boil for one minute.

Centrifuge off MnO

Thsh mmoé with 6 N HNO,, ond add wash to
supernate .

2.

Boilodown Yo remove HNO3 and HCl, and make 1 N in HNO,. Cool to
5-10" C, and add an equal volume of diethyl other. Add 5 drops
of 30% HZO and immediately stir vigorously to extract chromium,
Draw off ether layer, and wash water layer with one-half volume of
ether, stirring vigorously to extract any chromium left. Draw

off ether layer and add to original ether layer.

Almost neutralize the water layer with NaOH and pour jinto 10 ml

of o hot solution of 1 N NaOH. (A small amount of Fe '« must

be present.) Centrifugé off hydroxides of Ni, Co, Fe, Ti, Sc, and
Ca, Vash precipitate with 4 ml. of hot 1 N NaQOH. -Add wash to
supernate. -

Scavenge by adding 1 drop of Fo©** carrier (10 mg./ml.) and
500~ Ti ~ (10 mg./ml.) to the hot solution. Centrifuge and wash
precipitate with 4 ml. of hot 1 N NaOH.

Boil down to 6 ml. DMake slightly acid with acetic acid ond add
5 ml. of 10% Pb(Ac) Centrifuge off Pb(V0,),, and wash with

slightly acidic, diute Pb(Ac)z. Add wash %ozsupernate (containing
Zn )n

Make 2 N with HNOS, precipitate Pb as the sulfide by adding HZS'
Centrifuge and wash precipitate with 2 ¥ HNOB. Add wash to supernatec.
Boil to remove HZS‘ \

Neutralize with NaQH, make slightly acid with HAc and reprecipitote
vanadium as lead vanadate. Yeigh.

Reference: Scotts Standard lMethods of Chemical Analysis, p. 1036.
' P-18~296
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24-1
CHEMICAL SEFARATIONS

parated: Chromium Procedure by: H. Hopkins, Jr.

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

Type of bbdt: 190 Mev D' : Equipment required: standard
Yield: 60%

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

Procedure:
(1)
(2)

(3)

(4)

(5)

(6)

Remarks:

Dissolve As in HNOS. Add 10 mg Cr carrier and evaporate to Y32 cc.

Add 1 cc fuming HNO, and several crystals KClOS. B 0il several
minutes, adding more KClOs.

Cool, add KOH and water to about 25 cc of 1 ¥ H'. Chill in ice salt
bath to near freezing, add 10 cc cold ether. Add 1 dp H202 and
extract deep blue color into ether.

Add a second portion of ether and HéO . Wash the cold ether layers
with four quarter volumes of water containing 1 drop conc. HNOS.

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

Add Ba dropwise to precipitate BaCrO4.

Procedure should be practiced so success of the oxidation and

extraction can be recognized.

6/27/49

P-18-22
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24-2
CHEMICAL SEPARATIONS
Eleﬁent separated: Chfomium Procedure by: Goeckermann
Terget material: approx. 1 g Bi metel Time for sep'n: 1-2 hrs.
Type of bbdt: 184" all particles Equipment required: Centri-

o
fuge, cones, 110  oven.

Yield: Approx. 50%

Degree of purification: Fow ¢/m separated from several million counts of
fission and spallation products.

Advantages: Fair yield ¢f pure Cr.

Procedure:

(1)

(2)
)
(¢)
(5)
(6)
(7)
(8)

(9)

Remarks:

6/27/49

P=18~19

To aliquot of HNOé soln+8f target add 10 mg Cr as Cr, 0 ©. Add HCl
& HCOOH to reduce %o Cr ~. Ppt Bi, S, & Sb,S, scavenger from 1 N

» 273 273 -
HC1l soln. : 4

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

Oxidize in 10 ml 0.5 N NaOH with H,0,, scavenge with Fe(OH);, &
destroy Héoz. '

Meke slightly acid with 5 X H,S0, & wash with ether.

Adg H202 & extract HSCrO into about eqﬁal volume of ether.

8

Re-oxidize & re-extract aqueous phase.
Evaporate ether over HZO & repeat HSCrO8 extrn.

Evap ether over H,0, oxidize with H,0, in alkaline soln, scavenge

. - 2 . 272

with Fe (OH)S.

Acidify with 6 N HNO,, add 1 ml 6 ¥ HAe & 2ml 6N NHéAc, heat, add
several ml 50 1 Ba soln. PFilter, wash with hot H,.0°& EtOH, dry
10 min. at 110" C. 'eigh as BaCro, (48.7 mg per 10°mg Cr). '

H30r08 extrn tricky, oasy to lose Cr by reduction before extraction.
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24-3
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%
< o : 2 1.9
Degrec of purification: 107=10
Advantages: Very specific -~ no interfering ions.

Procedure:

(1) Dissolve the copper in the minimun amount of concentrated HNO,.
Boil almost to dryness, add carriers (Zn and below) and meke I N
in HCIL.

(2) Precipitate the copper as sulfide, make the sﬁpernate alkaline
with NH4OH end 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 make 1 N in HNO,.

(4) Cool in an ice bath to 5° C and add 0.5 cc of 30% H,0,. Bxtract
the blue peroxychromic acid with ethyl cther. (two 4 ml portions).

(5) Wash the ether layer with three 4 ml portions of water acidified
with a drop of HNOz.

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

(7) The Cr may be »recipitated and weighed as BaCr04.

Remarks:

(1) The Mn is usually removegl(step 3) so that an estimate can be 51
made of the amount of Cr”" formed by decay of the 42 minute Mn" ,

8/4 /49

P-18-134
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244

CHEMICAL SEPARATIONS

Element separatéd: Chromium Procedure by: D B. Stewart

)

Target material: Aluminum alloy
95% Al, 2,25% lig, 0.25% Cr(+Fe & Cu)

Tire for sep'n: V1 hr.
Type of bbdt: 184" deuterons Equipment requirced: Standard
Yield: 60-80%
4
Dogree of purification: 1C° from Al, othcrs unknown

Procedurec:

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

(2) Oxidize Cr to dichromate by boiling with 1 g ammonium persulfate
and 2-3 drops of 2% AgNO3 solution. ,

(3) Remove Al, Mg, Fe by precipitation with excess NH,0H. Centrifuge,
& decant supernatant. Dissolve precipitate in HC% 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 prceipitate CuS and reduce chromiun to
Cr “. Centrifuge or filter off the CuS,

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

Moke solution basic with NH,O0H. A gelatinous groen precipitate
of_Cr(OH)3 forms on boiling off the cxcoss NHge

8/24/49

P-18-268
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25-1
‘ CEEIICAL SEPARATIONS
Element separated: Ianganese Procedure by: W. C. Orr
Target material: Cr, Mn, Fe, Co, Ni, Cu, Time for sepfn: 2 hrs.
Zn, Gg, 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 Mhdz and Nhss yields.
Recycling should give increased purification.

Advantages: Simplicity.

Procedure:
(1) Target is dissolved inwe 30 ml conc. HNO,. (HC1 used for Cr).

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

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

(4) Boil to expel oxides of nitrogen.

(5) Solid KC1l0, is added SLOWLY! Wait after adding each increment
for the evolution of Cl0,, etce Continue until ppttn of MnOz is
complete. Boil conbinuously.

(6) Filter through a medium sintered glass filter on which a layer
of "Supercel' has been laid down. Wash with oonc. HNO; «

(7) MnO, is dissolved directly on the filter by conc. HNO, to which
30% H,0, is added dropwise. Solution may be drawn through the

filter iInto a clean filtering flask and transferred to a clean
100 ml beaker.

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

(9) The solution is boiled to decompose H,0,. Conc. HNO, is added
272 3
to restore vol. tow 30 ml.

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

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

Pu187 (conttd.)



(12)

(13)

Remerks:

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 252
and lOO5 should 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 should include not less than three
precipitations of MhO?.

In cases where step (9) preceded step (8) good separation was not
always achieved, presumably because the active impurity was not
in the same oxidation state as the added carrier at the beginning
of M‘no2 precipitation.

Presence of sulfate is to be avoided bhecause 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 ppttd by KClO4 as in this procedure.

6/24/49

P~18-8
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DETERITINATION OF Mn CONCENTRAT ION

256-2

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 starting mixtures, and assuming that after separation from
other elements the remaining menganese was in all cases contained in 50.0 ml

of solution, take 1.0 ml of the latter 50.0 ml by plpet and transfer to a
50 ml vol. flask.

Add abouti0 ml of 3 N HINOS.

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 there 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 my.

Dilute 2.0 ml of the standard carrier solubtion 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

Pul8~6
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25-3
CHEMICAL SEPARATIONS
Element separated: Menganesse Procedure by: H. Hopkins, Jre
Target material: As | Time for septn: 1 hr.
Type of bbdt: 190 lev D" Equipment required: stgndard

Yield: W\ 60%
Degree of purification: A factor of 50 from other activities.
Procedure:
(1) Dissolve As in minimum HNO3 & HCl, add &5 mg Mn and 1 mg othér carriers.

(2) ke alkaline with NH OH, pass in H S for 1 minute, centrifuge, wash
with H 0.

(3) Dissolve with hot fuming nitric acid and add solid KC10, to boiling
solution to ppt. Lmoz, add fuming HNO5 and KCIO until pptn is
comple te, )

(4) Centrifuge and wash with H, 0, Dissolve with 1 dp dilute HCl and 1 dp
H,0,.
272

(5) Mke to 5 ml volume, 3 N HCl and add 5 mg As.

2

(6) Pass H,$ into hot solution to ppt As,S..

(7) Repeat pptn of As,S,. Make supnt alkaline, pass in H,S to precipitate
: MaS., Dissolve as before and ppt. Mho from a sclution containing
additional holdback carriers.

6/27/49

Pml18m21
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25=4
CHEMICAL SEPARATIONS
Elemcnt sceparated: y@ngancso ., Procedurc by: Stewart-Softky
Target material: Copper foil (ca. 300 mg.) Time for septn: 1-2 hrs for

12 samples

Tvpe of bbdt: 60" or 184" deuterons Equipment requircd:
100 ml beakers
filter funnels
40 ml centrifuge conos

Yield: 90-100%
Degree of purification: Excellent,factor of approx. 106

isdvantages: Simplicity & rapidity. (large number of samples can be run
simultancously).

Proccdure:
(1) Dissolve copper in minimum 6N HNOS. idd 1 mg In carrier as nitratoe.

(2) Dilute to 1-2 N HNO, add about 100 mg of KBrO, and boil for 5-10
minutes, or until 1 moz is woll coagulated,

Tilter through Whatman 742 filter paper. Wash precipitate with
61 {\O until no Cu blue shows in final wash.

{43 Dissolve MnO, through filter paper into a 40 ml centrifuge cone:
with conc, HCl. Add 2 mg Cu carrier. Make solution strongly
anmonical.

{(5) Add a fow cry:tals of (ud 1.8
a hot water bat nmo D 063

and boil off cxcess persulfate in

f ates almost immediately.

§

‘1
-

(3) Contrifuge, decant supcrnatant, and wash preclpltato with dilutoe
FH, Q{ .

7/28/49

P~-18- 83
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! 25-5
CHEMICAL SEPARATIONS
Element separated: DManganese Procedure by: Batzel
Target material: Copper Time for sep'n: 30 min.
Type of bbdt: All 184" and 60" Equipment required: standard

Yield: 75%
Degree of purification: 105
Advantages: FPure fraction and is not time coﬁsuming.

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 IMn and meke 1 N in HCI1.

(2) Precipitate the copper sulfide. lake the supernate alkaline
with NH4OH and precipitate the sulfides including ln with HéS.

(3) To the sulfides add concentrated 16 N HNO, carefully, to dissolve
and make the volume up to 4 cc with fuming HNO,. Add 2 or 3
crystals of KCl0, and boil gently for 2 minutcs to precipitate

3
10, .
(4) Wash the precipitate with Hy0 and dissolve in one drop of HNO,
and Hzoz. ,

(5) Again add holdback carriers and make 16 N in HNO,+ Precipitate
the RhOz with KClO3 as in step 4.

(6) The precipitate may be weighed as 10, and counted.

8/4/49

P-18-132
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26-1
CHEMICAL SEPARATIONS
Element separated: Iron ' Procedure by: H. Hopkins, Jr.
Target material: As Timo for septn: 1/2 hr.
Type of bbdt: 190 Mev D' Equipment required:' standard

Yield: wn60%

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

Procedure:

(1) Dissolve As in minimum HNO, + HCl, add 2 mg Fe, Ga, adjust o G'E Ic1,
extract twice with equal voiumes ethyl ether.

(2) Wash ether layer 5 times with 1/3 volumes 6 N HC1.

(3) Wash ether layer twice with l/@ portions H, 0 to remove Fe. lake 1'§
KOH and centrifuge off Fe(OH)

(4) Dissolve in minimum conc. HCI, dilute to 5 ml, add 1 mg Ga carrier,
and reppt. Fe(OH)3 with KOH.

(5) Repeat until‘superﬁatants (Gallium fractions) are inactive.

6/27/49 ' ¢

P~18-23
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; 26-2
CHENMICAL SEPARATIONS
Element separated: Iron ' Procedure by: Goeckermann
Target materialy Nl g Bi metal Time for sep'n: few hrs.
Type of bbdt: 184" all particlos Equipment required:

Centrifuge, cones
Yield: A 30%

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

Advdntages: Fair yield of pure Fe.
Procedure:

(1) Extract 15 ml,of 9 N HCl containing aliquot of HNO, sol'n of target
and 10 mg Fe'° with 15 ml isopropyl ether. “Tagh ether twelve times
with 10 ml portions of 7.5 N HCl. Bxtract Fe'~ into 10 ml H,0 and
evap dissolved ether.

(2) Scavenge with szs3 from HCl1 sol'n. -- repeat.

(3) Scavenge with TeS by H,S pptn.
(4) Ppt Fe (on)3 with NH, & dissolve in HC1.
(5) Fume twice with few ml HC10, after adding Ru.

(6) Ppt Fe(OH)5 with NH, -~ repeat.

3
(7) Secavenge with BaSO,.

(8) Scavenge with Agl (excess Ag).

(9) Scav. with Cb,0; by adding HNO, & KC10, to oxalate sol'n.
(10)* Scay, with 2r phenylarsonate (make precipitation by adding phenyl-
arsenic acid). '

(11) Ether ext re*d again, ppt as Fe(OH)3 with NH,, filter ¢ ignite to
Fe 0, to weigh.
273

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
periodic 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,

7/6/49

I=18«40 -
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26-3
CHEMICAL SEPARATIONS
Element separated: Iron Procedure by: Folger & Hicks
Target material: ) 4 g U metal foil Time for sep'n: few hrs.

Type of bbdt: 184" all high cenergy partiolos Equipment requircd:
Centrifuge cones, crucible,
open top oylindrical
separatory funnels, stirring
motor and glass stirring
rods.

Yield: W 30%

Degree of purification: Decontamination factor.f\lo4 from fission & spallation
products. = 10”7 from eclements 38 to 56.

Advantages: Fair yield of pure Fe.
Proccdurc:

(L) Add 10 mg Fe*3 4o aliquot of target sol'™m., 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 cgger twelve times
with 10 ml portions of 7.5 N HCl. Extract Fe =~ into 2,5-ml portions
HZO and evap dissolved cther.

(2) Scavenge with szs and TeS2 from 1 N HCl sol'n. -- repeat.

(3) Ppt Fc(OH)3 with NH, wash & dissolve in HC1.
(4) Add Ru and fume twice with few ml H0104.
(5) Ppt Fe(OH)S with NH, wash.

(6) Dissolve in HNO, and scavenge with BaSO4.
(7) Scavenge with Agl (excess. Ag).

(8) Ppt. Fc(OH)5 with NH% (to reduce volume) wash and dissolve in conc.
HNQ,, «
3

(9) Add Cb and scavenge with Cbzo5 by adding KBrO3 and HNO5 to oxalate
soln. -

(10) Mke 3N in HNO, and HF. 1Add Ba and scavenge with BaZrF, twice.

(11) Ppt Fe(OH)3 with NH Yash, Dissolve in 9 N HCI.

Sc

(12) Ether ext Fe+3again,re-extract into H.0,Ppt as Fe(OH), with NH

wash, filter & ignite to Fo,0, to welgh. (14.3 mg 78,0, = 10°mg Fe)

P-18~84
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26-3 (page 2)

Remarks: This rather involved proccdure wes designed to separate a very small
emount of Fo activity from a large amount of activity spread over the
periodic table. It can be simplified in most cages. There may be an
advantage in doing one of the oxtractions of Fe ~ out of the cther by
treating thc+ ther 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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26-4

CHEMICAL SEPARLTIONS

Element separated: Iron Proccdurc by: Stewart, Softky
Target material: Copper foils (300-500 mg Cu) Time for sep'n: 2-3 hrs.

Type of bbdt: Deuterons 60", 184" Equipment required: beakers,
filter funnel
40 ml centrifuge cones
separatory funncls

Yicld: 80-100%
Degreo of purification: factor ofaj‘lOG
Advantages: High purity. Small amount of carricr.

Procedurc:
\
(1) Dissolve copper in minimum 6N HNO, and dilute to 1-2 N HNO, «
Add 1 mg Fe and 1 mg Mn carricr as nitrate.

(2) Add obout 0.1 g KBrO, cnd boil for 5-10 minutes or until Mn0
is well cocgulated. “Filter through Vhatman :42 filter paper and
cateh filtrate in a 40 ml centrifuge cone. Yash precipitate
with 2§ I-INO3 until wash is colorless.

(3) Precipitate Fc(OH), with excess NH,OH, centrifuge, and docant
supcrnatant. Dissdlve precipitate in HCl and rcpeat until super-
notont is colorless. 4dd 2-3 mg Cu.carrier as chloride and
repeat twice more.

(4) Dissolve final Fc(OH), in 1 drop of HCl and transfer to o scpara-
tory funncl with 6 W HCl. 4Add an cqual volume of di-cthyl cther
pre-saturatod with 6N HC1 and extract the Fe. Draw aqucous layor
into a 2nd scparatory fumncl and repeat. Do a 3rd extraction
after adding 1 mg Fe carricr as chloride.

(5) Collect the cther layers in a 40 ml centrifuge cone with a small
anount of watcr. DBvaporate off the solvent in a hot water bath.
Rocover Fo as Fo(OH)3 by preeipitation with NH,OH.

Remarks:

It was found that unless specific separation for Mn is done, tho
contamination in the iron fraction is appreciable. (Step 2).

Dircet cvaporation of an FeCl_ solution gives considerable loss, so it
is better to ppt the iron and“re-dissolve in some acid other than HC1.
(Step 5). )

7/28/49

P~18~85%
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26-5
CHEMICAL SEPARATIONS
Element separated: Iron ‘ Procedure by: Batzel
Target material: Copper Time for sep'n: 40 min.
Type of bbdt: All 184" - 60" Equipment required: Standard

Yield:

Degree of purification: 10

95%

3

[

Advantages: Pure fraction with good yield.

Procedure:

(1)
(2)
(3)
(4)
(5)
(6)

Remarks

(1)

8/4/49

P=18=129

The target may be dissolved in the minimum amount of either
concentrated HNO, or concentrated HC1 and H202°

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

Extract 3 times with ethyl acetate - 3 ml portions. TWash the ethyl
acetate 3 times with 1/3 volume of 6 N HC1.

Extract the iron from the ecthyl acetate layer with 3 cc of distilled
water. Again meke 6 N in HCl and re-extract as listed in step 3.

Finally after washing the ethyl acetate thoroughly with 6 N HC1,
extract the iron into 3 cc of distilled water and plate. '

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

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



Ui 007031487
: 26-6

DETERMIN&?ION OF Fe CONCENTRATION

PSP

The following vrocedure may be used for the colorimetric amalysis of iron.

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

(1) To 10 ml volumetric flasks add 5, 10, 15, 20, 25, and 30 gamma

(2)

(3)

(4)

(5)

of Fe from the standard solution.

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-
phenanthraline. ‘

Add one drop NH,OH to bring the pH to the range of 4 to 9. Dilute
to 10 co and'alfow color to develop for 5 minutes.

lMeasure the % transmission of the samples against a blank containing
the hydroxylamine and orthophenanthraline at a wave length of 508
millimicrons on a Beckman Spectrophohometer.

The curve follows Beer's Law,

In analyzing the samples duplicates should be run using the abowve pro-

cedure.

P=18«136

Re tzal
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26-7
CHEMICAL SEPARATIONS
Element -separated: Iron Procedure by: R. C, Lilly
Target material: gobalt Time for sop'n: 6 hours
Type of bbdt: Neubrons - 60" Equipment rcquircd; Boakers,
funnols

Yield: ~J 100%

Degree of purification: oxccellont at least factor of 10Q from othorlactivitios
prcscont,

Adventages: Simplicity
Procedurc:

(1) Dissolve the Co torget in HNO,. Remove tho nitrates by boiling
with HC1l until no brown fumes arc cvolved.

(2) Add 2 mg Fe, 10 mg Ni, 10 mg Zn and 50 mg U as the chloridé
solutions. Dilute and ppt with oxcoss NH,0H. Coagulate the ppt
and filter it quickly through quantitativé paper. Dissolve the
ppt through the filter with warm HCl and rcpeat the pptn.

(3) Dissolwve the ppt through the filter with warm HC1, collceting the
sol'n in a 4C ml ccontrifuge tube. Add hold-back carricrs of
Cu, Wi, Zn and Co and do threc more NH,OF ppt'ns, dissolving tho
ppt in HC1l cach time.

(4) Dissolve the final ppt in HC1l so as to give an 8 N HCL sol'n;
and extract the Fo with 3 or 4 portions of isopropyl cther.
Combine cther layers, add 0, boil to a low volume, and fumec
with H2804-H202 until organic motter is destroyed.,

(5) Take wp in HC1l and ppt with NH,OH - (NH,),CO, sol'n., discarding
tho supernatont. Dissolve in HC1 and répéat thé pptn twice.
Dissolve the final ppt if desired, or usc as is.

Remﬂrks;

The ppt! n of the Fe and U from the bulk of the tobalt is bost made

by quickly adding a large excess of NH4OH to the warm dilute Co sol'n,

Nitrates must be avoided throughout to provont'cxtraction of the U
by the cther, '

This procedurc was used for the ?roparation of purc compounds of Fesg;

for idcntification of activities alone, it would be advisable to toke an
aliquot after dissolving the target.

Paper is uscd for the filtration in (2) becausc the ppt tonds to clog
a sintered filter if suction is applied.

8/19/49

P-18-237
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26-8
CIMICLL, SEPARATIONS
Element scparatcd: Iron : ~ Procoduro by: R. C. Lilly
Target matcriai: Mangancse Time for scpfn: 4-6 hours
Type of bbdt: Deuterons ~ 60" Equipment rcquired: beakers,

funncls, sintered glass
funncls and scparatory
funnols,

Yield: ny 100%

Degree of purification: oxccllent at loast factor of 100 from other
activitics prescnt,

Advantages: Largo amount of Mn does not prevent purificotion of the Fe.
Procedure:

(1) Dissolve Mn target in the loast possible omount of 6 N HCI1.
Add 2-5 mg Fe and 25 mg Cu as the chloride solubtions.

(2) Mako O.S‘E in HC1, hoat to boiling, and pdse in HyS to ppt the
copper group os sulfides. Filter. Wash the ppt with 0.1 N HC1
and discard ite Add wash to filtratec. -

(3) Boil filtratc %o 50 ml volume, oxidize Fec with 5 ml of 30%
B,0 and boil off excess H,0 Mhoz may ppt at this point,

but”“it will redissolve as thg ﬁzoz is"cxpelled.

(4) Mko alkalinc with NH,OH and ppt the Fe as Fc(OH),. Some ln
will also ppth; it can“be disregorded and will be Femoved later
in the proccdurc. This stcp scparatos the Fe from any large
amounts of salts which may be present to intoerferc with the
cther extraction which follows.

(5) Dissolve ppt through filter with warm 9 N HCl; tho rosulting
volume should be 10-20 ml. Extract the Fc with 3 or 4 portions
of isopropyl cther. Combinc tho ether layers, odd H,0, boil
to o low volume, and fume with HéSO =H_0, until organic matter
. 4 7272

is destroyed.

(6) Take up in HC1 and ppt Fe(OH), with NH,OH, discarding the supor-
notant.e Dissolve the ppt if gcsircd, Or usc as is.

Remarks:

This procedurc was used for preparing purc compounds of Fess; the
proccdure timc could bo shortened for usc on shorter-lived isotopes.

8/19/49
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26-9
CHEMICAL SEPARATIONS
Element scparated: Iron Procedurc by: R. C. Lilly
Target material: Ni(soparated isotopes) Time for scp'n: 3-5 minutes
Typce of bbdt: Neutrons - 60" . Equipmont required: smnll

beakers, 5 ml centrifugoe
" tube, Hirsch funnel

Yicld: ~n 90%
Degree of purification: factor of &
Advantages: Specd

Proccdurec:

(1) Dissolve Ni foil, weighing 3-5 mg in a 10 ml beakor containing
0.5 ml hot conc. HNOB. Add 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,0H., Coagulate
the ppt by immersing the conc in o boiling H,0 bath for a few
sooonds and centrifuge. Remove the supernatant.

(3) Dissolve the Fe(OH), ppt in a few drops of conc HCl., 4dd 2 mg
Co, 2 mg Cu, and 2 Mg Ni as 2 ml of the chloride sol'ns, and
transfer the sample to a sccond 10 ml becker.

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

o 742 Whatmin filter paper disc held in a Gooch crucible or _
Hirsch funnele Dry with a few drops of acetone and mount under tape.

8/19/29
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26-10
CHEMICAL SEPARATEQNS
Element scparated: Iron Procedure by: R. C. Lilly.
Torget matoriai: Cu (50-100 mg) ’ Time for scp'n: 45 minutes
Type of bbdt: Deuterons - 184" Equipmont recquired: beakers,

funnels, 40 ml centrifuge
tube, small contrifuge tube.

Yield: vV 100%

Degree of purification: Factor of 100
Advantages: Siéplicity

Proccdure:

(1) Dissolve Cu target in conc. HCl containing a few drops of conc
HNO,. Boil off thc excess HNO,. Add 3 mg Fc, 10 mg Co, 10 mg Wi,
and 5 mg Zn as the chloride so?'ns

(2) Dilute to 50 ml with H,0 and heat to boiling. Ppt Fe(0H), by
adding NH,OH in e¢xccss and coagulate the ppt well by hoating.
Filter the Fc(OH) ppt through 42 Whatman paper in a glass
funnel and wash with a small amount of 1% NH,C1 sol'n.

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

(3) Vash the Fc(0H), ppt well with 1% NH,Cl and discard the washings.
Dissolve the vpi through the paper'w1th‘warm 6 ¥ HCl and collect
the soltn in a 40 ml centrifuge conc.

(4) Add 10 mg Co and 10 mg Ni as the chloride sol'ns as hold-back
carricrs; place thc cone in a hot H,0 bath, and ppt with, NHloH,
Coagulate the ppt by heating, ccntrlfuge, and discard the stpernatant.
Redissolve the ppt in HCl.

(5) Repeat step (4) twice.

{6) After the third ppt'n. cycle above, dissolve the ppt in the
correct amount of HCl and H20 to give 10 ml of sol'n., 8 N in HC1.

(7) Extract Fo with four 10 ml portions of isopropyl cther. Combineo
cther layers, add 0, boil to a low volume, and fume with
HBSO -HZ until organic mtber is destroyed.

(8) Take up in HC1l, tronsfer to o small centrifuge cone, and ppt
with NH,O0H. Centrifuge and diseard the supernatante. Preparc
for counting as desired.

Romarks: Sce Hillebrand and Lundell (Applied Inorgenic Analysis) for
further information on the cxtraction of Fo with isopropyl ether.

8/19/49
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27-1
CHEIIICAL SEPARATIONS
Element separated: Cobalt Procedure by: H. Hopkins, Jr.
Target materinl: As -~ Time for sep'n: 1 hr,

Type of bbdt: 190 lev " s Equipmentvrequired: standard

Yield: VM 70%.
Degree of purification: vy factor of 100 from other activities.
Procedure:
(1) Dissolve As in minimum HNO3 + HO, add 2 mg Se & Ge carrier, 5 mg Co.

(2) Moke alkeline with NH,OH, pass in H S rapidly for 1 minute only.
Centrifuge immediately.

(8) Dissolve in minimum conc. HC1, add 1 mg Cu, ppt CuS from hot 1 N HC1.

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

(5) Evaporate to mear dryness, add H,0 to 2 ml volume, add (N equal volume
solid KSCN, extract & 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 K3C°(N02)6 is complete.

6/27/49
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27-2
CHEMICAL SEPARATIONS
Element éeparated: Cobalt Procedure by: Stewart -

Softky
Target material: Copper foils (ca. 300 mg. Cu) Time for sep'nm: 4-6 hrs.

Type of bbdt: Deuterons 80" or 184" Equipment required:
. Stainless steel strip

electrodes to fi%
100 ml beakers

30 ml tower electrolysis
cells

1" Pt discs

Pt spiral stirrers

D. C. rectifier unit %o
give current up
to 2 amperes

100 nl beakers

filter funnels

Yield: 90-100%

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

Advanteges: Method by which a large number of samples can be run simultanecosly
for excitation functicns. ‘

Procedure:

(1) Dissolve Cu foil in minimum dilute HNO,. Add 1 mg. Co, Ni, & Mn
carriers as nitrates, and 2 drops conc. H2804. Dilute to about 20
ml. with distililed water.

(2) Electrodeposit copper on stainless steel strip cathode set into
becker un which ths foil was dissolved, using a rotating Pt spiral
ancde at 2-3 volts, 1-2 amperes.

(3) Then solution is water white, remove the electrodes, add 1 ml.
cone . HZSO4 and evaporate %o SO5 fumes to remove HNOS.

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

(5) Boil filtrate 5 minutes to expel H, S, make solution slightly
ammoniecal, then add 1-2 ml 1% dime%hylglyoxime in ethanol to ppt
NibMG. Filber, Tash ppt with hot water.

(6) Acidify filtrate with HWO, & evnporate to SO, fumes to destroy
alcohol. Add a few drops of conc. HCl and again take to SO5 fumes
to insure removal of NOS“.

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

P-18~'88



(8)

Remarks:

V010070357 g

27-2 (page 2)

anode. Cobalt deposits as a smooth adhercnt plate on the cathode.

Mh02 deposits at the same time on the anode.

Yhen 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 NnO pour off the water and rinse
the cobal®t plate with alcohol.

(In step (5) if solution is too strongly ammonical at this point, NiDMG
will be incompletely precipitated.)

(In step (7) NH OH should be added periodically during the electrodeposi-

tion.

Current should be kept lower than 2 amperes to give a smooth

adherent plate.)

7/28/49
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27-3
CHEMICAL SEPARATIONS
Element separated: Cobalt Procedure by: Batzel
Target material: Copper | Time for sep'n: 40 min.
Type of bbdt: all - 184" & 60" BEquipment required:
Standard

Yield: 30-40%

Degree of

Procedure:
(1)
()
(3)
(4)

(5)

(6)

7/27/49

P-18-75

purification: TPFactor of at least 100 from other activities present.

Dissolve copper in minimum amount of concentrated HNOS, and boil
to dryness cr with HIL to destroy HNO,. Add 5 mg Co Jarrier and
1-2 mg of the neipghloring elements to get as holdbacks.

Remove copper as sulfide frem a 1 N HCl solution. ™ash the
precipitate with 1N HCl saturated with st.

0il supernate to remove H,S and neutralize with KOH. Iake 2-3

in acetic acid. Saturaté aboub 5 cc of water with XWNO, and
add 0.3 cc of ecetic acid. Hecat and add to the hot solu%ion
of cohalt.

Allow to settle for 5 minutes in a steam hath. Cool, and centri-
fuge. Yash with a 3% KNCZ solution acidified with acetic acid.

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

Weigh as the potassium cobaltinitrite.
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27-4
CHEMICAL SEPARATIONS
Element separated: Cobalt Procedurc by: PFolger
Target material: &% 4 gm. U metal foil Time for scp'™: N 2 1/2 hrs.
Typc of bbdt: 184" full onergy particles ' Equipmeﬁt reguired: Centrifuge,
(high encrgy fission) cones, icc bath, 110° oven.
' NH3 gos.

Yield: g 50% possible

Dogree éf purification: Scparotes from all clements by a facgor of at least
10" scparates from elements 38 to 56 by a factor of (410 .

Advantoges: A small amt. of Co ﬁay be obtoined pure from large yiclds of
contaminants.

Proccdurc:

(1)

(2)
(3)
(4)

(5)
(6)
(7)

(8)

(9)
(10)

Reomarks:

(1)

. P-18- g8

"Wash twice with H_ O, E+4OH, Bt

Uranium target is dissolved in conce HC1 (plus a small amt. conc.
HNO, to clear up the sol'n) or in conc. HNO, (should be ¥1ON).
Use'"/ 1/4 (or morc) of target sol'n for aliquot. Add 10-20 mg

Co carricr and make basic with NH3.

Centrifuge and wash ppt twice with sat'd aqucous NHS. Combine
supcrnatant and washings.

Scavenge twice with Fe (OH),, twice with BaCO, & SrCO, (add sat'd

I\Tazco3 and check pH to be Surc sol'm is basié cnough, ~/pH 10).

ihke 0.7 - 0.8 N in HCl. Scavenge with CuS, CdS, Ro,S,(for Tc)
HeS, PdS2 (1-2 mg of carricrs).

Make basic with NH, and ppt CoS w. H,S. Wash %o remove all NHQ+.
Dissolve in 1 cc conc.'HNOS. Dilute”to ¥3 4N HNO, and scavenge
with 1-2 mg AzCl twice.

Mrke basic with KOH to ppt Co(OH), (upon heating goes to Co(OH)S
Centr, and wash. Dissolve ppt in g'cc 2-3 N HAc. Add 2 mg Ni
holdback and heat.

Add 3-4 cc 6 ¥ Hic sat'd with KNO,, hot (Caution! Beware of foaming
over). Digest 10 min hot. Chill”in icc bath to rctard bubbles
and contrifuge K,Co(N0,),.1 1/2-H20 (yellow).

Wosh, and dissolve in conc. HCl (with hecating - groen sol'n is
obtained).

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

s 2O. Pilter, dry at 110° ¢ for 5 min.
Weigh as K3C0(N0236.H20.

In step (6), the Co(OH)Z ppt becomes grey-brown on heating in the



7/28/49
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(2)

’Dﬂza'@7.05;-g7 et e
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water bath. This does not interfcre with the procedurc.
For additional information sce Scott, "Standard liothods of Chemical

Anelysis," D. Van Nostrand Co., Inc., New York, Ed. 5 Vol. I, pp
305-14, .



Element separated: Cobalt

Type of bbdt:

OO0t 007031 98

27-5

CHEMICAL SEPARATIONS

Procedure by: R. C. Lilly

Target material: Cu, Ni Time for sep'n: 1 hour
Deuterons - 184" Equipment required:
Neutrons ~ 60" Bes. kors, funnels, fine

Yield: ™V 90%

sintered glass filter,
50 ml separatory funnels(3)

Degree . of purification: Factor of 100

Adventages~

Purity of Co product

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

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

B.

P-18=-22 9

(1)

()

(3)

Dissolve Ni foil, weighing 3-5 mg.,.in a few drops of conc HNO5
and boil off HNO, with successive portions of HCl. Add 2 mg
Co, 2 mg Fe and g mg Cu as the chloride soltns.

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 heating.
Filter the FE(OH), 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 %he procedure for
Fe from Cu targets, No. 26-10). Meke the filtrate slightly
acidic with HCl. Add conc NH,HSO, sol'n dropwise until all
of the Cu is reduced (as showvn by the lack of any localized
blue color when a few drops cf conc NH,OH are added). Add
solid NH,SCN dissolved in & small amount of H,0 until ppt'n
is compléte.

Coagulate the CuSCN ppt by heating and filter it through a
double thickness of 742 Whatman paper in a glass funnel.
Discard the ppt. Boil the filtrate to a volume of 10 ml
to expel 302 and trensfer to a 50 ml separatory funnel.

Cobalt from Cu (50-100 mg) + 4 - 184"

(1)

(2)

Dissolve Cu barget 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 soltns.

Dilute %o 50 ml with H_O and heat %o boiling. Ppt Fe(OH)3

by adding NH,0H in excess and coagulate the ppt well by

heating. Filter the Fe(OH), ppt through 742 Thatman paper

in a glass funnel and wash Wwith a small amount of 1% NH,Cl
sol'a. (The ppt is worked up separately as described in the
procedure for Fe from Cu targets, No. 26-10). lhake the filtrate
slightly acidic with HCl. Add conc. NH4 HSO, sol!n dropwise
until all of the Cu is reduced (as shown by %he lack of any
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27-5 (page 2)

localized blue color when a few dfops‘of conc NH OH are
added). Add solid NH, SCN dissolved in a smll amount
of HQO until ppt'n is complete.

(3) Coagulate the CuSCN ppt by heating and filter it through a
double thickness of ;42 Whatman paper in a glass funnel.
Discard the ppte Boil the filtrate to a volume of 10 ml
to expel 50, and transfer to o 50 ml separatory funael.

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

(1) 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 as the chloride sol'ns.

(2) Add H,0 and HCl so as to give a volume of 25-30 ml with
0.3 N~-0.5 N HC1. Heat to boiling and pass in H,S to ppt
CuS.~ Coagilate the ppt by heating ond filter i% through a
smoll fine sintered glass filter. Vash 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 funnel.

In all three of the above cases continue as follows:

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

(6) Draw off the H,0 layer from this extraction into a second
50 ml separatory funnel, discarding the few drops of mixed
soltns which remain in the stopcoock.

(The Ni is contained in the H,0 layer and is worked up
separately as described in the procedure for Ni from Cu
t&rthS- NO- 28"6).

(6) Add 10 ml of 6 N NH,OH to the organic layer in the first
separatory funnel t0 destroy the complex and reextract the Co.

(7) Draw off this ammoniacal layer into a third 50 ml separatory
funnel and moke 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 ond discard it. Treat the organic
layer with NH, 8H 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 sol'n.
Prepare this ppt for counting as desired.

Romarks: See Sandell (Colorimetric Determination of Traces of Metals )for
further information on the extraction of Co from thiocyanate solins with
ethyl ether - amyl alcohol. Pe18=228

8/19/49
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27-8

CHEMICAL SEPARATIONS
Element separated: Cobalt Procedure by: R. C, Lilly
Target material: Cu, Ni Time for sep'm: 4 hours
Type of bbdt: Neutrons,‘deuterons - 184" Equipment requircd: Beokers,
For calutron separation funnels, chlorination
apparatus.

Yield: ~ 90%

Degree of purification: Factor of 100

Advantagos: Separation of Co from large amounts of Cu and Ni.

Procedure:

P-18~-234

A and B have stops 2-8 in common.

Cobalt from Cu(l0 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 oxcess H, 0, and add 25-50 mg
Co and 5 mg NI ds the chloride sol'ns.” Dilute the sample %o
~ 1 livor and add NH OH until the sol'n is neutral or very
slightly acidie.

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

(1) Dissolve Ni target in the least possible volume of conc. HNO,.
Convert nitrates to chlorides by adding successive portions
of conc HCl and taking to a low volume. didd 25-50 mg Co
and 75 mg Cu as the ohloride sol'ns. Dilubte the sample %o
~ 500 ml and odd NH,CH until the sol'n is neutral or very

. . 4
slightly acidic,

In each of the above cascs, continue as follows:

(2) Add conc. NH,HSO, sol'n., 1 ml at o time, until all of the Cu
is reduced (as shown by the lack of any localized blue color
whon o few drops of cono. NH,OH are added)., £dd solid Ni, SCN
dissolved in a small amount of H20 until ppt'n is complete.

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

(4) Boil the filtrate to expel SO2 and then add 3 ml of conc HC1
per 100 ml of volume.

(5) Add a freshly prepared hot soltn of alpha-nitroso-beta-naphthol,

made by dissolving 10 gms of the salt in 100 ml of 50% acctioc
acid, as long as & ppt is produccd.

(6) Filter the ppt through retontive paper. Wash it well with |
warm G'E HCl, and then with woarm H,0 until free from acid.
Ignite the ppt until all of the paper is burned off,



Remarks:

VU 1007035320,

27-6 (page 2)

(7) Dissolve the CoO in HCL snd add 100 mg Cu and 25 mg Ni as
the chloride sol'ns., Adjust the acidity as in step (1)
and repeat steps (2) through (6) above.

(8) Convert this CoO to CoCl, by treating it with anhydrous

Cl, at 650° C for 30 minites.
(If dosired, part of the CoO in step (7) may be dissolved in HC1
and a cobalt fraction purified still further by adding Cu and Hi
hold-back carricrs and following the procodurc for Co from Ni
torgots, No. 27-5.)

The above procedure was designed for proparing a sample for analysis
in the calutron. In casc 2 smaller spectrograph is to be used, the amount
and final form of the Co moy need changing.

Sce Scott (Std. Meth. Chem. Anal.) for further informmtion on the pptfn
of Co by alpha-nitroso-bcta~-napthol.

8/19/49
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27=7
CHEMICAL SEPARATIONS
Element separatod: Cobalt Procedurc by: R. C. Lilly
Torget material: Ni (scparated isotopes) Time for sep'm: 10 minutes
Type of bbdt: Protons - 37" and 60" Equipment required:
douterons - 60" Sma1l beakers

50 ml scparatory funncls (2)
Yield: v 90% )

Degroc of purification: Factor of 5
Advantages: speed
Procedurc:

(1) Dissolve Ni foil, weighing 3-5 mg., in a 10 ml beaker containing
0.5 ml of hot 6 §.HN03. Take to dryness on o prchented hot plate.

(2) 444 3-4 drops of hot conc HC1l and take to dryness. Repeat.

(3) hdd 2 mg Co as thc chloride sol'n and warm slightly. Transfor %o
a 50 ml separatory fumel and dilute to 10 ml with H,0.

(4) hdd 5 gms of solid NH,SCN and shake until all of thc orystals
arc dissolved. Extract Co from this sol'n by shaking with an
equal volume of cthyl cthor-amyl alcohol (1:1).

(8) Draw off the H_O layer from this extraction into a second 50 ml
separatory funﬁel, discarding the few drops of mixed solns which
remain in the stopcock.

’

(The Ni is contained in the H,0 layer and 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 layer in the first separqtory

funnel %o destroy thc complex and rcextract the Co.

(7) Draw off thc cmmoniocal layor into a small beaker, heat to boiling,
and ppt CoS by adding NH4HS sol'n. Preparc this ppt for counting
as desired. :

Remarks:

Sce Sandell {(Colorimedric Determination .of ‘Traces of letals) for
further informotion on the cxtraction of Co from thiocyanate soltns with
cthyl ether - omyl 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 targets. (No. 29-5).
Filter off the CuSCN, collcet the filtratc in o 50 ml scparatory funnel, and
proceced with step (4) above. _ .

8/19/49
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27-8
CHEMICAL SEPARATIONS
Element so?arated: Cobelt Procedurc by: Stewart-Softky
‘Target materials Copper foils (~3 g Cu) Time for scp'n: 4-8 hrs for
12 foils
Type of bbdt: 60" or 184" deutcrons ' Equipment roquired: 100 ml

" beakers, centrifuge conas,
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 a large number of
samples simultaneously (c.ge for cxeitation func tions)

Procedure:

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

(2) Precipitate Fe (OH), with oxcess ¥H, OH, centrifuge and pour off
supernatant. Dissolve proclpltate in HCl and rcpent. Add 2nd
supernatant to the original. :

(3) Irke solution,about 0,1 Wwith HCl. Add a fow drops of NH,HSO
to reduce Cu = to Cu (shown by decolorized or pale yellow
solution). ‘arm %o noar boiling. Add HH,SCN crystals until
no further precipitation of CuSCN takes pface. Let scttle for
15 minutcs. Filter through Yhatman 742 filtcr paper directly
into a separatory fummele. TAsh precipitate with a 1% solution
of NH4SCN containing a little NH4HSOS.

(4) Add 5 g WH,SCN to the solution in the scparatory funncl 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 recpeat extraction
until solvent laycr is colorloss (2-3 cxtrcctlons usually sufficicnt).
Re-cxtract cobalt from the combined solvent layers with 6N NH OH.

(5) Moke solution acid (pH 2-3) with HCl and add on additional 1 mg
of Zn as ZnCl,. Saturate with H, S to precipitate ZnS, centrifwyge

and decant supcranntant into another cone. lhke slightly ammoniacal -
and warm to coagulate CoS precipitate.

Romarks:

It was found thot Zn extracted partially from the satunted thiocyanate
solution with the aleohol-cthcr mixturo.

8/24/49
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27-9
CHEMICAL SEPARATIONS

Element éeparated: Cobalt Procedure by: Stewart-Softky
Target material: Copper foils (2-3 g Cu) Time for septn: 4-6'hrs for

: 12 foils
Typc of bbdt: 60" or 184" deuterons Equipment required: Filter

funnels, beakors

Yield: ~/ 80%

Degrce of

Advantages

purification: 106 from Cu

: Can be used to separate Co from copper in a large number of

samples simultancously (e.g. for excitation functions. )

Procedure:

(1)
(2)

(3)

(4)

8/24/49
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Dissolve copper in minimum dilute HCl + a few drops of 30% H,0,.
Boil off peroxide. Add 2 mg Fe and Co carriers as chloride.

Precipitate Fo(OII)3 with excess NH40H. Filter and wash with
NH,OH (dilute).

Acidify filtrgte to about O.1 N HC1l, add a fow drops of NH4 HSO3
to recduce Cu to Cu « (decolorized solution) and warm to near
boiling. Add NH,SCN orystals until no further precipitation

of CuSCN takes placc. Iet settle for 15 minutes. Filter through
742 filter paper. Wash precipitate with a 1% solution of NH,SCW.

Add sufficient conc HCl to filtrate to make about 1 N acid and
heat to near boiling. Add 5-10 ml of a freshly prepared solution
of a-nitroso-B-naphthol reagent. (10 g a~nitroso=p-naphthol in
100 ml 50% acetic acid). Let stand 30 minutes to insure complete
precipitation of cobals,



Yield:

Degrec of purification: factor of “YN10

Procedure:

(1)

()

(8)
(4)

(5)

(6)

.6 /28/4.9

P~18~33

28-1
CHEMICAL SEPARATIONS
Element separated: Nickel_ - Procedure by: H. Hopkins, Jr.
‘Target materiﬁl: As Time for septn: 45 min.
Type of bbdt: 190 Mov D" Equipment required: stondard

95%

3

Dissolwve As in minimum HNO, + HC1, add 2 mg Se, Ge carriers, and
5 mg Nio

Add NH,OH to alkaline and pass in HéS rapidly. Centrifuge and wash
NiS Wl%h H 0.

Dissolve with conc. ECl and reppt from NH4OH.

Dissolve in minimum conc. HCl, boil out H,S, add carriers below Ge,
dilute to 10 ml and adjust pH to © 5'w1tﬁ Hic.

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

Dilute to 10 ml, mnke alkaline with NH,OH and reppt with dimethyl
glyoxime.
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28-2
CHENMICAL SEPARATIONS
Element separated: Nickel rocedure by: Goeckermann
Target material: \"lg Bi metal Time for sep'n: 1-2 hrs.
Type of bbdt: 184" all'particlés Equipment'reguired: Centrifuge,

cones, 110~ oven.
Yield: un60%

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

Adventages: Separates Ni in pgood yield from most elements.

Procedure:

(1) To aliquot of HNO, soln of target, add 10 mg Ni, make neutral,
add 5 ml 17% dimetﬁylglyoxime in alcohol, wash with HZO and EtOH.

(2) Dissolve Ni d~m~g in 1 ml conc. HNO,, dilute, & scav twice with
CuS. '

(3) Scav three times with PdS.

(4) Scav with §b,S5 e

(5) Boil out H,S, make basic with NH;, scav twice with Fe(OH)S.
(6) ke O-S‘H 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 &
EtOH, dry 10 min at flo°c. Weigh as Ni d-m-g (29.4 mg per 10 mg

Ni).

Remprks: Designed to purify a little Ni from a lot of activity spread over
the periodic table. A few mg of carrier are used in the scavenges.

7./6/49 ,

P=18=39



00 1 U007 05207

28-3
CHEMICAL SEPARAT IONS
" Element separated: Nickel Procedure by: Batzel
Target material: Copper Time for sep'n: 40 min.
Type of bbdt: All - 184" & 60" . Equipment required: Standard
Yield: 70%

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

Advantages: Quantitative and specific for this regioh.

Procedure:

(1)

Dissolve copper in minimum amount of concentrated nitric acid.
Boil to dryness. Add 5 mg of Ni and 1-2 mg of holdback carriers

- for other elements Zn and below. Remove copper as sulfide from

(2)

(3)

(4)

Remarks:

1N HCl, and wash precipitate with 1N HC1l saturated with HéS.

Boil supernate to remove H,S. Neutralize with NH,OH and make
slightly acid with acetic dcid. Add 1% alcoholic solution of
dimethyl-glyoxime (2 ml.). Contrifuge 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.

Weigh as the Ni - amg.

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

page 619.

7/27/49

P-18-80
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CHEMICAL SEPRARATIONS

Blement scparated: Nickol Proccdure by: ' Stowart-Softky

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

Typc of bbdt: 60" or 184" dcuterons Equipment required: beakers,
filter funnels

Yicld: &N100%

Dogree of purificati%n: Complote separation of Ni from Zn, Cu, Fe, Co, Ih
factor of v 107,

Advantages: Rapid method by which many somples can be run simultancously.
Good yield with small amount of carricr. -

Proccdurc:

(1) Dissolve copper in 6 N HCL + a few drops of 30% H,0, and boil off
cxcess peroxide, - Add 0.5 mg - 1 mg Ni carricr as cﬁloridc.

(2) Neutralize with NH OF and moke slightly acid with HCl. Add NH,HSO
to reduce Cu ~ to €u~ (only 1 - 2 ml necessary) and boil off cXccss

SOZ'

(3) Precipitate CuSCH 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 742 filter 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 necar boiling. Add 1-2 ml 1% dimecthyl
glyoxime in cthanol %o precipitate NiDMG.

(5) Filter through Whatman 540 filter paper and wash with hot water.

(6) Dissolve precipitate in dilute HC1 and repeat (%2) & (5) to reduce
Zn & Co contamination. '

Remarks:

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

7/28/%9

P.18- 87
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28-5
CHEMICAL SEPARATIONS
Element separated: Nickel Procedure by: Folger & Ilicks
Target material:w—~ 4 g U metal foil Time for sep'n: 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\/~104 from fission & spalla-
tion productsji~ 10 from elementg 38-56,

Advantages:

Separates Ni in good yield from most elements.

Procedure:

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

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

Remarks:
(1)

(2)

(3)
8/4/49

P-18-128

To aliquot of target containing «» 10 mg Ni pass in NH,. Centrifuge
and wash twice with sat'd AqNHS. Combine supernatan% and washings.

Scavenge with Fe(0H),. Then Sr and Ba carbonates and Fe (0H)4
(%o clean the sol')?

To supernatant add 1-2 ml 1% dimethylglyoxime in alcohol. Centrifuge
and wash with HZO'

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 HyS, make basic with NH,, scav twice with Fe(OH)S.
Meke 0.5 N in HCL & scav with Pd d-m-g.

Neutralize supn & ppt Ni d-m-g, wash with HZO'

Dissolve in conc. HNO dilute and neutral:ze, reppt Hi d-m-g,

filter, wash with H O, dny 15 min at 110° C. Weigh as Ni d-m-g
(29.4 mg per 10 mg %

Designed to purify a little Ni from a lot of activity spread over
the poricdic inhle., A few rg of carrier are used in the scavenges.

Where carrier amounts of Cu ard Co ars present in the oripinel
target soln, it may be nesessurv 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.ge
There is also a sligh® solvbility in ocone . NN CH.
£y
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28-6
CHEMICAL SEPARATIONS
Element scparated: Nickel ‘ Procedure by: R. C. Lilly
Target material: Cu, Ni -Time for sep'n: 1 hour
Type of bbdt: Deuterons - 184" Equipment required:
Neutrons - 80" peakers, funnels,

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

0

Yield: r3 90%

Degree of purification: Fuétor of 100
Advantages: Purity of Ni product

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

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

(1) Dissolve Wi foil, weighing 3-5 mg., in a few dro»s of conc HNOs'
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 HyQ and heat to boiling. Ppt Fe (OH)
by adding NH,OH in excess and coagulate the ppt well by héating.
Filter the Fé (0H), ppt through 42 Whatman paper in a glass
funnel and wash with a small amount of 1% NH,Cl sol™. (The
ppt is worked up separately as described in %he procedure for
Fe from Cu targets, No. 26-10). Mrke the filtrate slightly
acidic with HCl. Add conc NE HSO, sol!n dropwise until all
of the Cu is reduced (as shown by the lack of zny localized
blue color when a few drops of conc NH,OH are added). Add
solid NH,SCN dissolved in a small amount of HZO until ppt'n
is compléie.

(3) Coagulate the CuSCN ppt by heating and filter it through a
double thickness of 42 Whatman paper in a glass funnel.
Discard the ppt. Boil the filtrate to a volume of 10 ml
to expel SO2 and transfer to o 50 ml separatory funnel.

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

(1) Dissolve Cu target in conc. HCl containing a few drops of
conc, INO,. Boil off the excess HNOS. Add 2 mg Co, 2 mg Fe,
and 2 ng ﬁi as the chloride sol'ns.

(2) Dilute to 50 ml with H,0 and heat to boiling. - Ppt Fe (0H),
by adding NH,OH in excess and coagulate the ppt well by
heating. Filter the Fe(OH), 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, Ho. 26-10)s Mike the filtrate
slightly acidic with HCl. Add conc. NH, HSO, sol'n dropwise

P-18-227 until all of the Cu is reduced (as shows by fhe lack of any
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28-6 (page 2)

localized blue ¢olor when a few drops of conc NH,OH cre
added). Add solid NH,SCIN dissolved in a small amount of
H,0 until pptfn is complete .

(3) Coagulate the CuSCN ppt by heating and filter it through a
double thickness of #42 Whatman paper in a glass funnel,
Discard the ppt. Boil the filtrate to a volume of 10 ml
to expel SQZ and transfer to a 50 ml separatory funnel,

C. Nickel from Cu (0.1 - 0.5 gms) + n - 60"

(1) Dissolve Cu target in 10 ml of hot 6 N HNO, in o 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) Adad H,0 and HC1 so as to give a volume of 25-30 ml with
0.3 N+«0.5 N HCl, Heat to boiling oand pass in H,S5 %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 H20 and discard it.

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

In all three of the ahove cases continue as follows:

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

(5) Draw off the H,0 layer from this extraction into a second
50 ml separatory funnel, discarding the few drops of mixed
sol'ns which remain in the s¥opcock.

(The Co is contained in the organic fraction and is worked
up separately as described in the procedure for Co from Cu
targets, No., 27-5).

(6) Add 2 mg of Co as the chloride sol'n to the H,0 layer in the
second funnel and reextract with an squal volume of ethyl ether-
amyl alcohol (1:1). Draw off the H,0 layer into a 50 ml
beaker, boil %o a volume of 5 ml, and transfer to a 15 ml.
centrifuge cone. Discard the organic layer.

(7) Meke the sol'n slightly ammoniscal and add 1 ml of 1% DMG
in aleohol %o ppt Ni. Centrifuge and discard the supermatant. -
Wash the ppt with HZO’ centrifuge, and discard the wash.
Prepare the ppt for counting as desired.

Remorks: See Sandell (Colorimetric Determination of Traces of Metals) for
fur ther information on the extraction of Co from thiocyanate solins
with ethyl cther-amyl alcochol, '

8/19/49

Pu18~226
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28=7
CHEMICAL SEPARATIONS |
Element scparated: Nickel Procodure by: R. C. Lilly
Target material: Cu(l0 gms) Timo for sep'n: 3 hours
Type of bbdt: Neutrons -~ 184" BEquipment requircd:, beakers,
For calutron s eparation funnols, ccntrifuge cone

Yield: ~ 90%

Degroe of purification: - Factor of 100,

Advantages: Scparates Ni from large amounts of Cu.
Procodurec:

(1) Dissolve Cu target in 50-100 ml of hot 6 N HC1 containing
5 ml of 30% H,0,+ Boil off exoess H,0 and add 25-50 mg Co
ond 5 mg M as %hc chloride sol™s. Dilute tho sample to v 1
liter and add NH OH until tho sol'n is ncutr al or very slightly
acidic.

(2) Add conc. NH HSO, sol'™., 1 ml at a time, until all of the Cu
is reduced (as séown by the lack of any localigzed blue color
when a few drops of conc. NH,OH are added). Add solid NH,SCN
dissolved in o small amount of Hzo until ppt'n is completé.

(3) Congulatc the CuSCN ppt by hcating and filter it through a double
thickness of ;%42 Whatman paper in o large glass funnol. Discard
the ppt.

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

(5) Add 1% DMG in alcohol'until no further ppt is produccd. Add NH4OH
until the sol'n is distinctly basics®

(6) Coagulate the ppt by heating amd then filter it through 742 Whatman
paper in a glass funncl. VWash the ppt thoroughly with warm H 0.
Ignite.the ppt until all of the paper is burned off.

(7). Dissolve the NiO in HCl ond add 100 mg Cu and 10 mg Ni as the chloride
soltns. Adjust the acidity as in step (1) and repeat steps (2) and

(3).

(8) Boil the soltn to a low volume and transfor to o ocontrifuge conce
Moke slightly ammoniacal and ppt Ni with DMG as in step (5) above,
Coagulate the ppt in a hot H,0 bath, centrifuge, and discard the
supcrnatant. Prepare the ppt for counbting as desired.

Remarks: The above procedurc was designed for preparing a sample for analysis
in the calutron. In casc a smaller spectrograph is to be usod, the
amount and final form of the Ni may noed changing.

3/19/49

P=18=232 .
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29-1
CHEMICAL SEPARATIONS
Element sepﬁrated: Copper Procedure by: H. Hopkins, Jr.
Target moterial: Ag ‘Time for sep'n: 3/4 hr.
Type of bbdt: 190 Mev D Equipment required: standard

Yield: » 90%
Degroe of purification: factor oi‘QﬁlOS

Procedure:

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

(2) Ppt from 1 N HCl with H,S. %Vash with H,0 and treat ppt severul
times with T'E KOH. Washes out As & Ge - discard,

(3) Dissolve remaining ppt in minimum conc. HNO,, evap %o dryness with
HC1.

(4) Dilute to 1 N HC1, add pinches of solid N2,S0; and NaCNS.

(6) 1If the precipitate is not pure white ndd more No,50;. After two
minutes centrifuge.

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

(7) Teigh as Cu SCN.

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

é/z 8/49

P~18-34
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29-2
CHEMICAL SEPARATIONS
Element séparated: Copper Procedure by: Batzel
Target material: Copper Time for sep'™m: 40 min.
Type of bbdt: 60" 184",linear Equipment required: standard

accelerator - all particles
Yield: 80%

Degrec of purification: factor of U"lO3

Procedure:

(1) Add holdback carriers for the nccessary elements. Dissolve the copper
in as little HCl as possible adding Hzo2 to spced up the solution.

(2) Meke 1 N in HCl. Reduce the Cu™t to Cu® with Na,S0,, cool and add
NaCNS until precipitation is complete. ~

(3) Centrifuge and wash the precipitate with cold water.
(4) The precipitate can be dissolved in concentrated HNO, or HCI.

(5) Reprecipitation coan be accomplished by diluting to 1 N, reducing
: and repreecipitoting with thiocyanate.

Remarks?

(1) Copper can also be precipitated as the sulfide from 0.5 ¥ to 1.0 N
acid solution, and the precipitate dissolved in fuming HNOS.

(2) A drop of wetting agent will prevent the tendency of the precipitate
to creep.

(3) In redissolving care must be taken since the evolution of gas is
profuse.

(4)' Three precipitations of the Cu are enough to give a decontamination
factor of rv 107,

7/6/49

P-18«%3
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29-3
CHEMICAL SEPARATIONS
Element separated: C(Copper Procedure by: Goeckerménn
Target material: (n 1 g Bi metal Time for sep'n: 1-2 hrs.
Type of bbdt. 184" all particles Equipment requlred Centri-

fuge, cones, 110° oven.
Yield: M 60%

Degree of purification: Decontamination factor W 104 from fission & spalla-
tion products. :

Advantages: - 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
5. centrlfuge out B1(OH) & scavenge with Fe(0H), and BaCO,
(aéd K CO '

(2) Moke supn 0.5‘¥ in HCl. Bubble in SOz, add KCNS until CuCNS ppts
(slight excess

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

(4) Acidify & boil off HCN (caution!), add Sr & Y holdback, ppt CuS
from 3N HC1. .

(5) Dissolve in HNO,, add HCl & destroy HNO
scavenge twice with AgCl.

5.‘ Dilute to O.S‘E HC1 &

(6) Ppt_ CuCN3 from supn, filter, wash with H, 0 & E4tOH, dry 15 min. at
110°C. Teigh as CuCHS(19.2 mg per 10 mg-Cu).

Remarks: Scavenges made with 1-5 mg carrier.

7./6/49

P=13=33
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29-4
CHEMICAL SEPARATIONS
Element scparated: Copper - Procedure by: Folger & Hicks
Target ﬁaterial; W4 g Umtal foil Time for sep'n: 1-2 hrs.

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

Yield: YN 60%

Degrece of purification: gccon tamination factor W 104 from fission & spalla=-
tion products. W% 10" from elcoments 38-56.

Advantages: Good yield of Cu purificd from all other elements.
Proccdure:
(1) To aliquot of HNO, or HCl soln of target, add 10 mg Cu, make basio
with NH,, centrifige out Bl(OH) & scavenge with Fe(OH) and BaCOz,
SrCo, (&dd K,C 3)

(2) ke supn 0.5 N in HCl. Bubble in SOZ’ add KCNS until CuCNS ppts
(slight cxcess)

(3) Dissolve Cu CNS in HNO, & make neutral. 4Add KCN & scavenge with
3
Ccds, A5283 and TcSz.

(4) Acidify & boil off HCON (caution!), add Sr, Ia & Y holdbacks, ppt
CuS from ﬁﬁ HC1.

(5) Dissolve in minimum ENO,. Dilute to 0.5 ‘E & scavenge twice with
AgCl. (Boiling helps coagulate AgCl).

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

Remarks: Scavenges made with 1-2 mg carrier.

[

7/28/49

P-18=96
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29-5
CHEMICAL SEPLRATIONS
Eloment separated: Copper Proccdurc by: R. C. Lilly
Target material: Ni (separated isotopes) Time for sep'n: 4-5 minutes
Typo of bbdt: Protons - 37" and 60" Equipment roquired:
Deuterons - 60" : Sm1l beakers,

Hirsch funncl

Yicld: 50-75%

Dogrece of purificaﬁion: Factor of &
Advanbtares: speed

Procecdurc:

(1) Dissolve Ni foil, weighing 3-5 mg., in a 10 ml beaker containing
0.5 ml of hot 6 ¥ HNOS. Tako to dryness on o prchoated hot plate.
(2) Add 3-4 dro-s of hot conc HCl and take o dryncss. Repeat.

/

(3) Ada the following in succossion, warming after each addition:
2 mg Cu and 2 mg Co as 2 ml of the chloride sol'ns; 0.5 ml cone

NH4HSO5 sol'n.; and 0.5 ml 10% VH,SCN sol'n.

(4) Stir and warm slightly. Filter the sample through a 742 Vhatmon
filter paper disc held in a Goooh crucible or Hirsch funnol
and prewct with a fow drops of O.1 N NH, SCN - 0.1 ¥ NH4HSO3 wash

sol'n.

(5) Wash with a small amount of 0.1 N NH,SCN - 0.1 N NE,HSO.. wash
sol'n followed by a fow drops of ace%one. Mount fof colUnting.

8/19/49

P-18-231
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30-1
CHEMICAL SEPARATIONS
Element separated: Zino Procedurc by: Goeckermann
Target material: v 1 g Bi motal Time for sep'n: w1 hr.
Type of bbdt: 184" bbdt all particles Equipment required: Centrifuge,

cones, ice, vacuum dessicator

Yield: \w 707

Degree of purification: No dstectable contamination from other fission and
spallation products.

Advantages: Good yield of pure zine.

Procedure:

(1)

(2)

(3)
(4)

(5)
(6)

(7)

Remarks:

To aliquot of nitric acid soln of Bi; add 10 mg Zny;1l ml sat. H 0204,
and make 1 N in HNO, (10-25 ml). Cool in ice bath, add 3 ml Zn rcéagsnt
(39 g KSCN Jissolved in 200 ml H;0. Stir in 27 g. HgCl, while diluting

" %o 1 litor), stir 5 min. (scratéh glass to begin pptn.)

Dissolve ZnHg(SCN), in 5 ml 2N ENO
Hzczo4 and 3 ml Zn reagent.

Repeat (2).

3 and dilute to I‘E. Add 1 ml sat

’

Dissolve ppt in 2 _.I\LHI\TO‘,;1 dilute to 1 N, and ppt HgS. Neutralize
supn to 0.3 W HNO, with"NaOH and ppt BiyS, (5 mg Bi) three times.

Ibke 1 M in NH4Ac and ppt ZnS.
Dissolve ppt in 5 ml conc HBr, evap to dryness several times, take up in
10 ml O¢5 N NaQOH, add 1 ml 2 1 Na,C0,. Ppt Fe(OH)S (2 mg) and BaCO,

(5 mg) threc times from hot soln.

Add HC1 to make 1 ¥ and 1 ml sat H?C204. 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
Zan(SCN)4 (76.2 mg per 10 mgZn).

Standardize carrier as Zan(SCN)4 also. Final ppt poor if radiations

soft because of large sclf-absorption correction required.

6/27/49

P~18=28
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30-2
CHEN'ICAL SEPARATIONS
Elcment separated: Zinc Procedure by: H. Hopkinvs, Jr.
Target material: As Time for sep'n: 1 hf.
Typc of bbdt: 190 Mev D+ Equipment requirced: standard

Yicld: W\6C%
Degree of purification: factor of ANS5O0.
Procedure:

(1) Dissolve As in 10 N HNO Add ‘10 mg. Zn carrier and dilute to

10 H. 8

(2) Add 0.03 M ammonium mercuric thiocyanate solution dropwise until
pptn of Zn is complete.

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

(4) Dissolve in HNO;, evap. off HNO, with HCl, scavenge with CuS from
2 N HCI1.,

(5) Ppt ZnS from solusion 0,01 M H' .
(6) Dissolve in 1 drop conc. HCl & dilute,

(7) Ppt from 0.01 M H',

Remarks: Holdback carricrs that ocan be added Cr thru Se except As & Zn.

6/27/49

P=18-35
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30-3
CHEMICAL SEPARATIONS '
_Element separated: Zinc Procedure by: Batzel
Target material: Copper Time for septn: 40 min.
Type of bbdt: all particles 184" & 60" Equipment required: Standard

Yield: 60%

Degree of purification: factor of 0%,

Proceduroe:

(1) The copper is dissolved in concentrated HNO. or HCl and Hy0, to
speed up solution. Five mg of Zn and 1 or 3 mg of holdback
carriers for the necessary elements are added.

(2) The copper is removed as the sulfide from a 1 N acid solution, NH, OH
added to make the soln alkaline and then H S added %o completc préci-
pitation.

(3) The precipitate is washed with a solution containing a couple of
drops of NH4OH and saturated with HZS'

(4) After centrifugation 2-3 ml. of 5 N HCl are added, the precipitate,
stirred well, and the solubion cenTrifuged almost immediately (af'ter
obout one minute). The zinc and manganous sulfides arc dissolved
while the nickel and cobalt sulfides are atbacked slowly.

(5) The supernate is boiled to remove H,S approx 1 ml conc, NH ,0H
added to neutralize the HCl and an Squal volume (3,4 cc) of conc.
HAc added. The solution is heated almost to boiling and saturated

with HZS to precipitate the 2n.

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

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

Remarks:

(1) Tho 2n reazent is made from 32 gm MH,SCN & 27 gm HgCl, in 5C0 ml
H,0. (See Scotts Standard lethods of Chemical Analysis, Vol. I,p.45)

(2) The Zn reagent precipitate can be dissolved in 5-6 N HNO ..«

(3) The Zn reagent.is o satisfactory analytical procedure, but the
‘gravimetric factor should be determined experimentally.

7./6/49
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30-4
CHEMICAL SEPARATIONS
Flement scparated: Zinc Procedurc by: Stowary-
Softky
Target matorial: Copper foils (ca 300 mg) Time for sep'™a: 1-2 hrs.,
for 12 samples
Type of bbdt: 60" or 181" deuterons Equipment roquired:

100 ml beaker

40 ml centrifuge conc
filter funnel

20 mesh aluminum

Yicld: 80-100%

Degrce of purification: Decontemination by factor of 06104 from othor
activitics.

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

Procedurc:

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

(2) Add' 1 ml conc. H SO4 and cvaporate to SO3 fumes ‘o remove HNOS.

(8) Dilute to 2-3 N H,80, and add about 500 mg 20 mesh aluminum.
Boil until all Cu’is rcduced and for about 5 minutes after the
solution appears to be water-white. Cool.

(4) Filter through a rapid filter paper and catch filtrate in a
40 ml centrifuge conec. Wash Cu ppt with 0.1y - HyS0, »

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

(6) Saturate with H,S to precipitate ZnS, centrifuge, and docant
supernatant. Wash with 0.01 E.stoa containing HZS'

(7) Plate ZnS & count.
Remarks:

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

6 to 12 samples simultoncously. 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., Contemination could be
reduced by adding 1-2 mg inert copper carrier os chloride or sulfato
after filtering (step 4) & precipitating CuS from 1 ¥ H,S0, with
After removal, reduce acidity to 0.1 - 0.01 N I 2 O & ppt %nS.

7/2 8/49
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CHEMICAL SEPARATIONS
Elomont separated: 2Zinc Proccdurc by: D. B. Stewart
Targct mntorial: Copper " Time for scp'n: 2-4 hrs.
Type of bbdt: 60" or 184" A Equipmcﬁt required:

150 ml beakcr

filter funncl, 40 ml
centrifuge conc,

stainless stecl clectrode
to fit 150 ml bhecaker

platinum clectrode

D.C. source

Yield:. 80-100%
Degree of purification: Complotc separation from copper, botter then 106.

Advanbages: Only smcll amount of carrier nceded as comparcd to copper.
(1 mg Zn carrier can bc rccovercd quantitatively from up to 20 g Cu) _

Proccdurc:

(1) Dissolve copper in 6 N - HNO, and cvaporate off cxcess acid. Add
1 mg Zn carricr as nitrate and 0.5 ml conc. HbSO4. Dilute to about
100 ml with water, i

(2) Elcctrodeposit copper on a stainless stcel cathode at 2-3 volts,
5-10 amperes using a rotating Pt anode. Sct apparatus in an ice
bath during the clectrolysis.

(3) When solution is watcr-white, turn off current and quickly remove
clecctrodes. Evarorate solution to SO, fumes to romove HNO,. (It
may be noccessary to add a few drops o% H,S0,).. Dilute to EO ml
(or about 1 N Hésoé). Saturate with H,S %o “precipitate remoining
copper.

(4) Filter through Whatman 742 filter paper, wash precipitate with 1 N
HZSO4 containing a little H,8. Boil filtrate to cxpel cxcoss H2§T

(5) Tronsfor solution to o 40 ml contrifuge cone. 4Add 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 supcrnatant,
and wash with 0.0l N H2804 containing st.

Remorks :
(Step 2) Cathode uscd was a stainless stoel inner jacket for the beaker
with a strip cxtension for outs%dc conncction to the clectrolysis unit.
Exposcd surfacc was about 75 em . Deposit is not very smooth at this
currcnt and cooling is nccessary.

7/28/49
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30~6
SE?@HCAL SEPARATIONS
Flement separated: _Zinc ‘ Procedure by: Folger & Hicks
Tarzet material: e~ 4 g U metal - Time for septn: ¢ 2 hr, |
Type of bbdt: 184" bbdt all high energy Equipment required: Centri-
particles fuge, cones, ice, 110  oven

Yield:w~T70%

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

Procedure:

(1) To aligquot c¢f nitric acid soln of U containing~ 10 mg Zn add 1 ml
sat. H, C,0,, and make 1 N in HNO (10-25 ml), Cool in ice bath,
add 5 &l 2n reagent (39 g KSCN diSsolved in 200 ml H,0. Stir in
27 g HgCl, while diluting to 1 liter), stir 5 min. (Scratch glass
to begin Pptn.)

(2) Dissolve ZnHg(SCN), in 3 ml 4 N HNO, and dilute to i'g. Add 1 ml
sat. HyC,0, and 3 fil Zn reagent. - |

(3) Repeat (2), but do not add H,C50,-

(4) Dissolve ppt in 2 N HNO,, dilute to 1 N, and ppt CuS, Ag,S, SnS,,
szss, Bizss. Repeat usSing CusS as final scavenge.

(5) Ikke 11 in NH;‘AC and ppt ZnS.

(6) Dissolve ppt in 5 ml conec. HBr, evap to dryness soveral times, take
up in 5 ml N NaOH, add 1 ml 2 }i Na,CO,. Ppt Fe(OH)3 (2 mg) and
BaCO; + SrC0; (2 mg) three times from hot soln.

(7) Add HC1 to make 1 N. Add 3 ml Zn reagent to cold soln, stir 3 min,
filter, wash three times with 5 ml abgolute 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: .Standardize carrier as ZnHg(SCN), also. Final ppt poor if radiationms
soft because of large self-absorptioncorrection required.

8/4/49
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30-17
CHEMICAL SEPARATIONS
Element separated: Zine Proccdurc by: Re Ce Lilly
Target materinl: Copper Time for sep'n:' 6«8 hours
Typc of bbdt: Deutcrons -~ 60" Equipment required: Pt cvapor-
ating dish, P% anode,
Yield: n» 100% , stirring motor, DC sourcc

supplying 2-4 amps at ~s 5
volts, pH mcter, beokers
and funncls

Degree of purification: cexcellent - at least factor of 100 from other
activities prosent. .

Advantages: Easy method for removing large amounts of Cu
Proccdure:

The weight of Cu uscd should not cxceed 2 gms for the quantities and
volumes given below. If thc amount of Cu is large, it is advisablo
dissolve the target and remove an aliquot.

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

(2) Recdissolve the Cu(NOS) by warming with H,0; thon add 2 ml
conc HWO,, 2 ml conc E_ SO,, and 2-5 mg Zn as ZnSO, soltn.
3 2774 4
(3) Transfer to a Pt cvaporating dish; the sol'n volume should bo
~ 50 ml. Using a rotating Pt anode, rcmove Cu by clectrolyzing
for from onc to scveral hours at 2-4 amps andwns 5 volts. The
sol'n should beccome colorless. Pour the sol'n from tho dish
into a beaker; rinsc the Cu deposit with several small portions

of HZO and add them to the main sol'n,

(4) Boil the sol'n to a low volumo; add 2-5 ml 30% H,0, ond boil off
¢xcess H202. Ppt with NH OH, filtcr, and dlscaré %hc ppt, if
any is prescnt,.

(5) Mkc the filtrate 0.3 N insHCl, heat to boiling, and pass in
H,S +to ppt CuS. Filtcr and discard the ppt., Test for complote
ppt'n by again passing in HZS'

(6) Boil the filtrote to drive off oxcess H,S. Adjust the solfn to
pH 2-3 with NH,OH. Pass in H,S to ppt gnS. Filter and wash the
ppt with H,0. “Dissolve the ZES in 1 ¥ HC1 if desired or use as
is.

Remarks:

The ZnS in step (6) should be whitc. If it is not, further purifica-
tions may be necessary for Cu and Fo and perhaps for other metal impuritics
such as Ni and Cr. gis procecdure has been uscd for the preparation of
purc compounds of Zn .

Sec Hillebrand & Lundell (Applicd Inorganic Analysis) for further
informrtion on Cu deposition. . P=18-238

8 /19/49
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30-8
CHEMICLL SEPLR\TIONS
Element separatod: Zinc Procedure by: Newton
Target material: Thorium metal (.1-1 gm) Time for scpin: . Ay 3 hrs
Type of bbdi: 66" alphas - Equipment required: Standard

Yiold: ™~ 50% N
Degrce of purification: > 106
Procedure: The Th metal is dissolved in cone HC1 plus a fow drops of

2 M (NH, ) SiF, to clear up the black residuc. The HC1l is diluted
to ?’N‘ﬂndan aﬁlquot token.

(1) Add 10 mg zn™*, 1-2 ml },C,0, (sat.) and HNO, to mako 1 M
(10 to 25 ml.) Centrifuge out Th(C.0,),. COol in icc bath and
add 3 ml HCl,-KSCH reagent. Stir &nd Soratch glass to ppt, lct
stand 3-5 min. Centrifuge out ZnHg(SCN), ppt.

(2) To ppt, add 1.5 ml 6 N HNO, and 3 ml H 0. Boil until ppt dissolves
and for 1-2 minutos longer“to remove dScomposition products. Dilute
to 10 ml and cool in cold water. Add 1 ml sat C,0, and 3 ml
HgCl ~KSCN roagent. Stir for 3-5 min to ppt. Cen%rlfugo.

(3) Repeat (2) on ppt.

(4) To the ZnHg(CNS), add 15 ml 6 N HNO, and 3 ml H.O. Boil %o dissolve
and for 12 min. %ongcr. Dilutc to 10 ml and saturate with H,S.
Centrifuge. To supernatc add 1 ml 6 N NaOH, 5 mg Bi carricr and

saturate with hZS° Contrifuge.

scavenging twice. .dd 2 ml 6 U NH uc(pH ~ 5), saturate with
HZS » centrifuge out the vhite ZnS.

. chcat B12S3

(5) Dissolve ZnS in 5 ml conc HBr. Evap to dryncss over an open flamc.
Repeat cvaporation twice with 5 ml portions of HBr. Takc up
residuc in 10 ml 0.5 I WaOH, add 1 ml 2 } Nao,CO, and boil. Keop
solution agitated and add 2 mg Fo' ' and™5 m§ Ba++ dropwisc.

Difest hot solution 1 min., centrifuge. Repeat hydroxide scavenging
twice on supcrnate.

(6) To the clear supernatc add ¢ ml 6 M HC1 and 1 ml sat H, C,0,. Cool
in cold water ond add 3 ml KSCN-HgCl, roagent. Stir oGcasionmally
for 3-5 min. Centrifuge out Zan(SCﬁ)

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

(8) ¥ash ppt 3 times with 5 ml EtOH (absolutc) and throc times 5 ml
Et,0. Transfor paper to small watch glass in vacuum desiccator.
Bviguate. 2 min. Releasc, cwvacuate 5 minutes. tleigh as ZnHg
(SCN)4.

P-18-278
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30-8 (page 2)

Romarks: To make HgCl,-KSCN roagent dissolve 39 gms KSCN in 200 ml H, 0.
Stir in 27 gms Hg%l2 while diluting to onc liter.

This method has boon described previously (Phys. Reve 75 17 (1949)).

8/23/49
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31-1
CHEMICAL SEPARATIONS
Elcment separated: Gallium Procedure b&: H. Hopkins, Jr.
Target material: As Time for sep'm: 1/2 hr.
Type of bbdt: 190 Mev D' Equipment required: standard

Yield: «n» 80%

L]

Degree of purification: radiochemically purc by factor of w'\].03

Procedure:

(1) Dissolve As in 10 N HNO,, add 10 mg Ga carrior & 1 mg Fet* carrier,
evap to near dryness

(2) Add 6 N HCl and when cool extract twice with equal volumes of
ethyl ether,

(3) Wash five times with 1/3 volumes 6 N HCl.
(4) Extract into 5 ml H,0. Add KOH to 1 N and centrifuge.

(5) To supernatant add HC1 till just neutral, adjust pH to wn5.5 with
traces of NH4OH and HAc,

(6) Centrifuge off Ga(OH)s.

Remarks: .If want to check chemical yield weigh as the 8 hydrbxy quinolate
precipitated from slightly alkaline solution.

6/27/49
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31-2
CHEIMICAL SEPARATIONS
Element separated: Gallium Procedure by: Goeckermann
Target material: w1 g Bi metal Time for sep'n: 1-2 hrs.
Type of bbdt: 184" all particles Equipment requiredf —Centri--

fuge, cones, 110° oven.

Yield: \n 80%
Degree of purification: Decontamination factor W0 104 from fission & spalla-
tion products.

Advantages: Good yield of pure Ga.
Procedure:

(1) To aliquot of HNO, soln of target, add 10 mg Ga & W\ 2 mg lb,
destroy HNO, & moke 6 N in HCl. Ixtract with equal vol of di-ethyl
ether, wash“with 1/3 vol 6 ¥ HCl. Re-ext Ga into 2/3 vol H,O0.

(2) Boil out ether. Make 0.3 N in HC1 & add 1 ml alcohol soln of
a~-benzoin oxime to ppt lo. '

(3) Ppt B1283(5 mg) three times.

(4) Boil out H,S., Mke 1 N in NaOH, 0.2 M in Na,C 5 & PPt Fe (OH)
2C0 3
& BaCO3 scavenge three - times.

(5) eke soln 6 N in HCl & ext with 1 1/2 vol ether. Vash ether with
6 § HCL & re-extract Ga into H,0.

(6) Boil out ether. DTvap to dryness with 5 ml conc. HBDr three times.
Take up residue in 10 ml 6 N HC1 & repeat ether extrn.

(7) Dilute H,O ]ayer to 35 ml & heat to 60°C. Add 3 ml of 8-hydroxyquin-
oline uo4n (50 g/l in 2 I HAc) & 6 M NH,Ac dropwise until pe rmanent
yellow ppt forms, then add 1 ml excess. Add serosol & filter, wash
w1th 10 ml warm H,0, twice with 5 ml cold H,0, dry 15 min. at

110°C. Veigh as Ga 8-hydroxyquinolate (72 fig per 10 mg Ga).

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

7 /6/49
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32-1
CHEMICAL SEPARATIONS
Element scparated: Cermanium Procedure by: H.-Hopkins
Target material: As Time for septn: 1 hr.
Type of bbdt: 190 Mev D ' Equipment required: centri-

fuge, 100 cc dis-
tillation apparatus

Yield: greater 20%

Degree of

Procedurec:

(1)

(2)

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

Remarks:

purification: radiochemically pure by factor of \n.lo5

Dissolve 4As in 10X HNOs. Add 10 mg Ge carrier and holdback
(Cr through Se)carriers: : ‘

Distil Ge from 20 ml boiling 6 N HC1 in slow stream of Cl,.
Catch distillate vapor in dry ice-acetone-cooled collector.

When 1/% remnins in distilling flask add more HCl and repeat.
Add NHZOH-HCI to distillate until no further reaction occurs.
Pass HéS into the still cold solution. ‘

Centrifuge off Gesz.

When looking for o small amount of @e in »nrescnoc of a laree
: g

ameunt of Se activity, a special separation cf Sc¢ should be performed.

(See

{ 6/27/49
P~18=29
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32-2
CHEMITAL SEPARATIONS
Element separated: Germanium Procedure by: Newton
Target material: Thorium metal k.l—l gm) Time for sep™m:ny 2-3 hrs.
Type of bbdt: 60" ats Equipment required: still

Yield: undetermined
Degree of purification: lO5 to 106

Procedure: TherTh metal is dissolved in conc HCl + a few drops .2 M solutions
(NH, ),SiF, to clear up black residue. The HC1l is diluted to 2 N and

an %l%quo% taken.

(1) Add 10 mg Ge + As. lMeke to 15 ml, 6 N in HCl. Add erystal of
NH, I and treat with Hés at ice temp. Wash with 6 N H,SO, saturated
1%h 8 - -
wi H2 .
(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 a crystal of
KClOs. Distill all but 5 ml into 5 ml HZO in jce bath.

(3) Pass H,S into GeCl, solution and centrifuge. Add 10 mg As to
ppt of"GeS, and repeat GeCl, distillation (step 2).

(4) Repgecipitate GeSz, wash with Héo, aleohol, and ether. Dry at
110" C. Weigh as GeSz.

Remarks: 10 mg Ge = 18.79 mg GeS,.

This method has been described previosusly (Fhys. Rev. 75 17 (1949)).

8/23/49
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33-1
CHEMICAL SEPARATIONS
Element sceparated: Arsenic Procedure by: H. Hopkins, Jr.
Target material: As Time for sep'n: 1 hr.
Type of bbdt: 190 lev D Equipment required: standard
distillation apparatus
100 cc

Yield: greater 80%
Degree of purification: radiochemically pure by factor of 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 a 3 N solution containing
10 mg As/ml.

(4) Pass H,S into hot solution and stir vigorously. Repeat .

(5) Centrifuge off precipitate and wash with H,0.

(6) Dissolwe As and Ge salts with dilute KOH, loaving CuS bchind.

(7) Separate Ge by distilling from 20 ml of boiling 6 N HC1 in a
slow stream of chlorine. When 1/4 volume remains, add 6 N HC1

and repeat.

(8) Frecipitate As,S. from 3 N HC1.

5

Remarks: Se and As may first be removed together by wolatilizing the
elements along a quartz or pyrex tube.

6/27/49
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33-2
CHEIMICAL SEPARATIONS
Element soparated: Arscnic Procedure by: Gocckermann
Target material: \nl g Bi metal Time for écp'n: Few hrs.
Type of bbdt: 184" all particles Equipment rcquired: Centrifuge,

tubes, all glass distilla~
tion flask, tank Cl, & HC1,
. 0 2

ico, 110" oven.

Degreo of purification: Decontamination factor g\104 from fission & spalla-
tion products.

Advantages: Projeect fission product procedure.

Procedurs:

(1) To aliquot of HNO, soln of target, add 10 mg As & u~ 10 mg Gc,
boil nearly to dryness, take up in 15 ml 6 N HCl, add crystal of
NH4I, & sat with st at icc temp. Wash with Hés-sat 6 E.HéSO4.

(2) Dissolve ppt in 1 ml conc NH,OH & dilute to 10 ml (discard any
residue). Transfer to a glass still & add (10 mg cach Te, Sb,
& Sn. Add 10 ml conc HCl & distill all buv & ml in a Cl, stream
into 5 ml HK,0 in an ice bath. Add 5 ml conc HCl & (, 10 mg Gec to
residue in Flask & rcpeat distillation. '

(3) To residuc from GeCl, distillation, pess in HCl gas to remove Cl,,
add 1 ml sat CuCl in conc HCl, and distill over 5 ml in an HC1
strecam into 10 ml conc HCl in an icec bath., Add CuCl-HCl %o residuc
& distill further. '

(4) Pass H,S into distillate & dcntfifuge out As,S,. Dissolve in 1 ml
conc 1 4OH, add s 10 mg Te, Sb, & Sn & repeat AsClS distillation.

(6) Ppt As, S, again, dissolve in 1 ml conc. NH,OH, add 10 ml conc.
HCl, sat wigh H.S, filter, wash with H,O, ﬁtOH, & ether, dry 10
min., at 110°C. ZWbigh as A3285(16.4 mg per 10 mg As).

Remarks: Tank HCL & Cl2 arc rather unpleasant & corrosive to work with.
Proccdurc is fairly slow. Ge can be separated along with the As as
indicated.

7/6/49
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33m3
CHEMICAL SEFARATIONS
Element separated: Arsenic Procedure by: Newton
Target material: Thorium metal (.1-1 gm) Time for sep'n:ns 2-3 hrs.
Type of bbdt: 6C" a's Equipment required: still

Yield: undetermined

Degrese of purification: 105 to 106

Procedure: The Th metal is dissolved in conc HCl + a few drops «2 M solution
(VH, ),SiF, to clear up black residue. The HCl is diluted to 2N and
an aligquot taken.

(1) Add 10 mg Ge + As. DMake to 15 ml, 6 N in HCl. Add crystal of
: NH,I and breat with HéS at ice temp. Wash with 6 N HZSO4 saturated
i$h B 3. -

wi 5

(2) Dissolve ppt in 1 ml conc. NH,0H. Dilute to 10 ml., Discard any
residue. Transfer to glass s%ill and add 10 mg each of Te,
Sb and Sn carriers. Add 10 ml conc HC1l and a crystal of KC10,.
Distill all but 5 ml into 5 ml Hy0 in ice bathe

(3) Add 5 ml conc. HC1, 10 ml Ge and KClO, to remaining solution in
still and repeat. (Discard).

(4) To residue from GeCl, distillation, pass in HC1 gas %o remove Cl,.

(6) Add 1 ml sat. CuCl soln in conc. HCl and distill over 5 ml in
HCLl stream into 10 ml conc HC1l in ice bath. ' '

(6) Add CuCl - HC1 and distill again. Pass HZS into distillate and
ppt ASZSS'

(7) Dissolve in 1 ml conc NH,OH, add 10 mg Te, Sb and Sn and repeat
distillation. Ppt As,§, again, dissolve in 1 ml conc. NH,OH. v
Add 10 ml ¢onc HCl, sat H,S. Filter, wash with Héo, EtQH, ether.
Dry at 110°, Weigh as As,Sge

Remarks: This method has been described previously (Phys. Rev. 75 17 (1949)).

8/23/49
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34=1
CHZHMICAL SEPARATIONS
Element separated: Selenium’ Proccdure by: H. Hopkins,dJr.
Target material: As Time for sep'n: 3/4 hr.
Type of bbdt: 190 Mev D' Equipment required: centr.

tubes, etc.
Yield: > 90%
Degree of purification: radiochemicélly pure by factor of v 100
Procedure:
(1) Dissolve As metal in minimum 10 N HNO,.
(2) Add 5 mg Se carricr, evap. to near dryness to remove xs HNOs.

(3) Make up to 8 ml with 1 ¥ HCl, add NH OH?HCI until Se starts
: - 2
to ppt from hot soln.

(4) Add 1 ml 1 N KI, heat 5 min, centrifuge off mixture of Se and I,.

(5) Dissolve with minimum fuming HNOS, repecat precipitation.

Remarks: In presence of carriecrs separates from all elements beclow Se.
If want to weigh to check chemical yield do not add KI in step 4.

This slows down the precipitation considerably, so much more time
must be allowed for complete pptn of the Se.

6/27/49
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34-2
CHEMICAL SEPARATIONS ’
Element separatod: Sclenium . lPréccdure by: Gocckarmann
Targ:t matorial: ¢4 1 g Bi metal : | Time for sep'n: ¢1 hr,
Type of bbdt: 184" ail particles Equipment required: Centri-

fuge, and glass distillation
flagks, cones, tank Soz,
110~ oven, ice.

Yield: n 90%

Degree of purification: Deeontamination factor UQ104 from fission & spallation
products.

Advantages: Good yicld of purc Se in rclatively short time.

Procedure:

(1) To aliquot of HNO, soln of target, add 10 mg Se & Te, 10 ml conc.
HBr, & 0.5 ml 1lig Br, in a glass still. Distill in air stream to
3 ml residue, into 5 ml sat Brz water in icec bath.

(2) Keep at ice temp & reduce to Se (rcd) with SO

or NHZOH‘HCl. Add
acrosol & centrifuge.

2

(3) Dissolve Se in fow drops conc INO,, add 10 ml conc. HCl & reduce
with SOz in an ice bath., Centrifuge with acrosol. '

(4) Ropeat SeBr, distillation & Sc pptns as ofton as neccssary for
desired purity.

(5) Pnt Sc, filtcr, wash three times with §ml H 0, threec times with

5 ml BtOH, three times with 5 ml cther, dry IO min. at 110°¢.
Treigh as Se.

Remarks: Procedure can be made short cnough to catech half-lives {1 hr.

7/6/49
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35-1
CHEMICAL SEPARATIONS
Eloment separated: Bromine Procedurs by: Gocckormann
Target material: V1 g Bi metal Time for scp'n: 1-2 hrs.
Type of bbdt: 184" all particles Equipment required: Contri-

fuge, tubes, 110° oven
Yield: tn 60%

Degree of purification: Decontamination factor v1104 from fission & spalla-
tion products. :

Advantagoes: Good yicld of purc Br.

Proccdure:

(1) To aliquot of HNO, soln of target, add 10 mg Br~ & I, make 1 XN in
HNOE, add a few drops of 0.1 M NaNOZ, & extract I, into equal vol
CCl,. , _

4 .

(2) Aad equal vol CCl, to aquoous phasc & add 0.1 M KMnO4 dropwisc until
color poersists. ﬁhke five extractions of Brz.

(3) Combine CCl, layers & wash with 1 N HNO, containing KUnO,. Add 10
ml H,0 & O.% N NaHSO, dropwise until both layers are co%orloss.
Wash“aq layor with 0614.

(4) MYake 1 N in HNO_, add 410 mg I, warm & fow min. to oxidize SO, ,
add few drops 0.1 ggmamoz & cxtract Iz five times with 10 ml CC 4°

(5) Repeat Kin0, oxidation & Br, extrn & reduction.

(6) Repeat I, & Br, oxtrn cycles as neoded for purity.

2
(7) Mke last ag soln of Br 1 N in HNO,, heat, add 2 ml 0.1 N AgHiO,,
stir, digest fow min., filtcr, wash”three times with 5 ml H,O,
LtOH, & cther, dry 10 min. at 110°C., %igh as AzBr(23.5 mg per 10
mg Br).
Romarks: The bismuth fission work only required thrce I -Bré cxtrn cycles.
To prcvent possible losses of tracc Br during disso%ving of the. bismuth,
onc might dissolve the target in 6 N HNO, with the carricr Br  precsent in
a glass still, and distill Br, or HBr dircctly from this soln into H,0
in an icc bath. :

7/6/49

Pel8=dtsd



-{)QE{}D?QJ..(}3F7

Y4
35«2
CHEMICAL SEPARATIONS

Element scpoaratcd: Bronine Procedurc by: Lindner

LT T Hodified by: Ihumann
Torget material: Tantalum Time for scp'n: 2 hours
Type of bbdt: Ta + 350 lcv protons Equlpmcnt required: Sop.

) funncl

Yicld: W 40%

Degree of purification: cexcellent - factor of v\lO4 from fission and
spallation products.

Adventages: Provides for the scparation of Br, from targets requiring HF=-
HNO, mixturcs for solution of the target. In thesc cascs glass cquipment
is impossiblc and the method of distillation of the halogens is imprac-
tical )

Proccdurc:

(1) Freshly precipitatod AgBr (well washed to remove xs Ag' ) containing
10 mgs of brominc as silver bromide is added to 15 mls of 48% HF
solution containcd in a lusteroid test tube. The target foil is
placed in solution and conc. HNO, is addod as rcquirecd for selution
of the foil. (Sce (a) under remirks.)

(2) After the target has dissolved the solution is allowed to stand
for 15 minutes, (Sce (b) under remarks.) the supernatant target
solution is rcmoved, the AgBr washed twice with 10 mls hot water,
10 mls of water is added and the slurry is saturated with HéS,
then ccentrifuged.

(3) The supernatant solution is boiled to remove H,S, 10 mgs I is
added, the solution is made 1 N in HNO, a fow grops of NhNOz is
added and the iodinc extracted into 10°mls of ccl, (extract o
total of 5 tlmos)

(4) 10 mls of CCl, is added to the aqucous phasc and O.1 M KMnO, solution
is added until the Bromine color persists. Extract Br, 5 times '
(total) N

(6) Combine the Br,-CC1, cxtract,wash with 1 N HNO, containing KIhO,,
add 10 mls 0 and 6 1N NhHSO dropwisc until®both laycrs arc
colorless Sce (c) under remirksy) "ash aqucous layer with ccl, .

(6) Moke 1 N in HNO, add 10 mgs I , warm for a fow minutcs to oxidize
- %he S0.", add a fow drons of 0.1 M NaNOZ and extract the IZ 5 tlmcs
with Cél .

(7) Repeat (4) and (5) as nccded (A total of 3 %imes was uscd for
purification above.) s

(8) Moke last aqucous solution of Br- 1 N in HNO,, hcat, cdd 2 mls
0.1 N AgNO,. Stir, digest a fow minutes, wash three timos w1th
5 mls H20, 5 mls 02H50H, 5 mls cther. Dry for 10 mins. at 110° ¢.

P-18~11%L



Remorks:

(a)

(b)

(c)

(a)
(o)

7/27/49
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35-2 (page 2)

‘This rcaction prococds rapidly and at no time should therc be

an xs of HNO,. Heating is not rcquired and lusteroid tube may
be ice coolcé if nccessary.

Proccdurc depends upon an cquilibration between AgBr and tracer
bromide ion in the targot solution. If the tracer bromine weroe

in a higher oxidation state this cquilibration would be impossible.
However, sincce the Ta is being dissolved it moy be assumed reductivo
conditions cxist and 2ll the tracor is in the form of bromine or
bromide.

Unless the solution is kept acid MnQ, will precipitate. The In0,
precipitation may also bo avoided if the solution is warmed bofore
permangenate addition.

Steps (3) to (9) arc R.H.Goetkermarn*s, proccdure for brominc. (35-1)

12 might also be scparated by this proccdurc.
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35=3
CHEMICAL SEPARATIONS
Element separated: Bromine Procedure by: Newton
Target material: Thorium metal (.1-1 gm) Time for sep'n: ~/ 1 hr.
Type of bbdt: 60" mefal Equipment required: Standard

Yield: ™~ 50%
Degree of purification: ~v 108 except from I~ (v 10% from 17)

Procedure: The Th metal is dissolved in cone. HC1 + 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 HHO3 in 50 ml separatory
funnel. Add 10 mg Br carrier and 10 mg I carrior.

(1) Ada Ko, (0.1N) dropwise until color persists (15 drons). lMake
5 successive extractions with CCl4 Discard aqueous. To CCl
layer add 10 ml water and 0.1 N NaHSO3 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.l namaNoz.
Extract five times with 'CCl Add more I” and repeat extraction
with four more portions of 6014

(3) Add KMno4 o oxidize Br . Extract 5 times with ccl, .

(4) Extract CCl, with NaHSO,. Add Ag' +to ppt AgBr. Filter wash
three tlmeg with 5 ml H,0 and three times w1tn 5 ml EtOH.

Dry at 1107, 10 min and weigh. 10 mg Br~ = 23.5 mg AgBr.

Remarks: This method has been described previously (Phys. Rev. 7517 (1949)).

.@@@@9
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37=1
CHEEHCAL SEFARATIONS
Element separated: Rubidium Procedure by: Goeckermann
Target material: A 1 g Bi metal Time for sep'n: Several hrs.
Type of bbdt: 184" all rarticles Equipment required: Centrifuge,

Yield:

tubes, smpll Pt dish, ice,
110 oven

b N 30%

Degree of purification: &b looked very clean by a factor of at least 103.

Advantoges:

Procedure:

(1)

(2)

(3)

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

(10)
(11)
(12)
(13)

(14)

P-=18-63

Supposed to give Rb pure of all elements and separate it from Cs.

To aliquot of HNO, soln of target, add 20 mg Rb & Cs & 5 ml conc.
HC1O Evap to fuming, 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 E+tOH.

Dissolve in dilute HCl & scav with Te, Ru, Sn, Sbh, &.Ag sulfides
(2 mg each) by adding H,S.

2
Scav with NH3 pptn of La, Ce, Y, Zr, & Cb (2 mg each).
Scav with Sr & Ba carbomates (4 mp)
Acidify with HCl, repeat (2).
Repeat (3).
Scav with La(OH)S.
Scav with Sr & Ba carbonates & Y, Zr, & Cb hydroxides.
Acidify with HCl, evap to dryness in a Pt dish, destroy IH, C1 by add-
ing a few drops HNO3 and baking carefully (do not overheat or Cs may
be lost).
Dissolve in a minimum of H,0, transfer to a cone & cent out any
residue, evap to dryness in the cone. Add 6 ml H,PtCly & 6 ml EtOH,
wash Rb & Cs chloroplatinates with EtQH.
Dissolve in HCl & repeat Te sulfide scavenging.
Repeat NH5 pptn of la & Fe hydroxides.

Repeat Sr & Ba carbonate scav

Acidify with HNOs, add HCl, evap to dryness, bake off ammonium salts
carefully again.
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Page 2 (37-1)

(156) 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. BEvap
until crystallization begins,oadd 32Pt016 & BtOH, filter, wash
with Et0H, dry 10 min. at 110°C. 7eigh as szPt01 (33.9 mg

6
per 10 mg Rb). .

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 better to weigh the Cs as Cs%Pt01 after purification.

It has been alleged that 2BiI,*3CsI ppin issspecific 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 give clean Cs.

The fuming of HClO4 cante done easily in 40 ml pointed centrifuge cones.

For Cs sep™ from same target see (55-1).

7/12/49
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37-2
CHEMICAL SEPARATIONS
Element separated: Rubidium Procedure by: EKarraker
Target material: NH4Br Time for sep'n: ~ 30 min.
‘Type of bbdt: 40-140 Mev a Equipment required: No special
‘ equipment

Yield: un407

Degree of purification: Good, at best a factor of 100 except from.other
alkoli metals. '

Advantages: Fast, easy, and gives almost carrier-free activity.
Procedure:
(1) NH,Br in porcelain 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 til% 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),, MzCO4, 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 Rb is not to be used in mass spectrograph, carrier may be added
initially. : ‘ '

7/14/49
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37-3
CHELIOCAL SZPARATIONS
Clement separated: Rubidium Procedure by: S. Castner
Parent material: SrCl0, (tracer or with Time for sep'™m: 20 Min.
50 ugn carrier)in %o ¥-HC10,
Type of bbdt: HMilking experiment | Equipment required:

Std, cones, etc.

Yield: wA50%

Degree of purification: Less than 2% Sr carried along;

Procedure:

(1)

(2)

(3)
(4)

(5)

Remarks:

Sol'n is heated in boiling H,O. (Soltn. volume = 1 ml). 50 p gms

RbNO3 are added. Stir.

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).

Add 250 Nsat. Na20204 soltn and heat until just dissolved.

Add 50 n gms sr'* sol'n end centrifuge the ppt while the solfn is
still hot.

The supernatant containing the Rb is then removed.

The majority of the Rb loss is carried away in the Sr scavenge as -

the sol'n cools rapidly. The Sr parent sol'n contains only approx. 1% of
the Rb after the milking. :

7/27 /49
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38-1
CHEL.ICAL SEPARATIONS
Element separated: Strontium Procedure by: Goeckerﬁann
Target material: v 1 g Bi metal Time for sep'n: 1-2 hrs.
Type of bbdt: 184" all particles Equipment required: Centrifuge,
tubes, ice, vacuum dessi~-

cator

Yield: 1 80%

/

Degree of purification: Decontamination factor u1104 from fission & spallation
products. Sy decontaminated > 100 from Ba.

Advantages: Good yield of Ba & Sr, separation from all other elements except
Ra, 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 HZO & reppt with 15 ml fuming HNOS.

{3)  Dissolve ppt in 5-10 ml H 0, add 5 mgFe+3, & ppt Fe(OH)S with tank
NH, (COS_ freel!) Repeat g‘e(OH)5 scav.

(4) DNeutralize supn with 6 N HNO,, add 1 ml 6 M HAc & 2 ml 6 M NH,Ac.
Heat to boiling & add 1 ml 105 M Na,CrO ‘dropwise with stirring.
Digest one min. (Save the supn for Sr %raction).

( 5) Sr - Ppt 5 mg BaCr0, scav from supn saved from Ba sepn. Add 2 ml
conc. NH OH, heat, ddd 5 ml sat (NH,),0x 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 SrCZO4-H20 (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 Bo scp'n from same target seo 56-2.

7/12/49
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38-2
CHEMICAL SEPARATIONS
Element separated: Strontium Procedure by: S. Castner
Target material: RbCl (wA 30 mg) finely Time for sep'n: 35 min without
' divided colum; 1 1/2 hr. with column
Type of bbdt: 184" deuterons and protons Equipment required: 1 ml cones,

pipettes, etec.

Yield: V"V 90%

Degree of purification: Excellent - ¢A5% Rk contamination without column.
+2% or less Rb contamination with column.

Advantages: Quick, may be modified to give carrier free Sr.

Procedure:
(1) Dissolve target in 500 A of Na,C,0, (3 gms/100 ml). Heal in
boiling water for 1 min. Stir?

(2) Add Sr carrier, stir and cool+in ice bath centrifuge, withdraw the
supernatent. (5 p gms of Sr = produce visible ppt) see remarks #1.

€,0, (500 A), stirring up and then centrifuging

(3) Wash the ppt with Ne.,
50l'n.

and discarding the was%
(4) Repeat wash 3 times.
(5) vash with'Hzo (500 3, ) twice (see remarks) #2.

(6) Dissolve the ppt in 100 ) 11.0M-HC10,, Heat. Add 5y gms Rb,
stir, cool in ice bath and centrifuge, This gives the Sr practically
carrier free in 4100 'Aof sol'n.

Remarks:

(1) and (2) "hile 5 p gms of Sr** produce a visible ppt as stated when
washed with 1 ml of H,0, 25% of the ppt will dissolve,

(3) 1If carrier free srt is desired, 10 u 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+Elaced on a 2 mm diameter ion exchange column,

2" long. The Sr'  comes off well after the Rb'. (Flow rate of
A1 drop/2.5 min.)

SrCO5 carries Rb with it in large qﬁantities.

7/27/49
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38~3
CHEMICAL SEPARATIONS
Elcment separated: Strontium Procedure by: Folger & Hicks
Target materials s 4 g U metal Time for scp'™m: 1-2 hrs.
Type of bbdt: 184" all high encrgy ' Equipment required: Centri-
particles fuge, tubes, ice, vacuum
desiccator

Yicld:~s 80%

Degrece of purification: Decontamino.tion-factoerO4 from fission and
spallation products. Sr decontominated » 100 from Bo.

Advantages: Good yicld of Ba & Sr, scparation from all other e¢lements
except Ra, very good separation of Sr & Ba from cach other, and Sr
from Ra (which follows Ba).

Procedure:

(1) To aliguot of HNO, soln of target ggntoining 10 mg coch Sr & Ba,
and reduced in vo?ume to~r1le5 ml,/12-13 ml fuming HNOS, digest
cold 5 min.

(2) Dissolve ppt in 1 ml HZO & rcppt with ~n~ 13 ml fuming HN03.

(3) Dissolve ppt in 5 ml H,0, add 2 mgFo+5, and ppt+g‘o(OH)3 with tank
NHs(COS" freci) Ropea% Fc(OH)3 scav. (1 mg., Fe'").

(4) Neutralize supn with conc. HNO, to methyl orange ¢nd point,add 1 ml
6 MHAc &2 ml 6 M NH, lc. Hba% to boiling & add 1 ml 1.5 E{Kh00r04
dropwise with stivring. Digest onc min. (Save the supn for S¥
fraction).

(5) Ppt 5 mg BaCr0O, scav from supn saved from Ba scpn. Add 2 ml
conc. NH,OH, héat, and ppt SrCO, by adding satd NaZCO . Digest 2
min, ccn%rifuge and dissolve in"6 N HC1l (minimum).” Boil out €O, .

(6) Make basic with NH, and add satd Na,C, . Stir 2 min (hot),

cool, filter, wash threce times with™ 5 m% H,0, threce times with

5 ml EtOH, three times with 5 ml cthor, dry like BnClz. Weigh as

Sr0204.H20 (22.1 mg per 10 mg Sr).

Remarks: Procedurc adapted for use when Sr activity much greater than Ba.
Ra follows the Ba well, can be separated from it by use of a resin column.
Sec AECD 1998 (Edward R. Tomplkins)

For Ba scp'n from samo target scc 56-1.

-

In step (4) 2dd 1 drop Me-orange to the solfn before neutralization starts.

8/12/49
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38=4
GHEMICAL SEPARATIONS
Element separated: Strontium Procodure by: Lippmamn and
: Goeckermann
Target material: Au foil, about 1 g Time for septn: 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%

Degree 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 scparated from the same target material.
Procedure: U

Dissolve target in hot solubtion containing 10 mg cach of Sr, Ba, and

Mo, &5 ml of 12 M HC1 end 5§ ml of fuming HNOS' Cool solution in ice

bath and slowly add about 30 ml fuming HNO,. Sr(NOS)z and Ba(NOS)z

precipitate. Centrifuge. ‘

Dissolve preecipitate in 5 ml Héo, add 5 mg FbIII, warnm in hot water
bath, and pfﬁ&ipitate Fe (0H), with 6 M NH,OH. Centrifuge. If desired
add morc Fe and centrifugé out Fe(0H), again. Neutralize supernatant
with a fow drops of 6 M HC,E,0,, hecat to boiling, and add 2 ml of 1.5 X

. NaZCrO dropwise. Digest ﬁaér64 precipitate in hot water bath and -
centrifuge.

Heat supernatent from first BaCrQ, precipitation to boiling, add 1 ml

of Ba carrier dropwisc, digest in hot water bath, and centrifuge. To
supernatent add 2 ml of 15 I NH,OH (color of solution should just

change from orange to yellow), ﬁcat to boiling, add 5 ml saturated

(¥, ).,C,0, dropwise, digest in hot water bath, cool, filter, wash

thrée timés with 5 ml H,0, three times with § ml alcohol, and threce
times with 8 ml othere. "Dry in a wvacuum desiccator by pumping 2 minutes,
letting in air, and thon pumping for 5 more minutes. Weigh as Sr0204.HéO.

Remarks:

All additions of fuming or conccntrated HNO, should bec made cautiously:
they tend to rcact violently after a short Induection period.

8/12/49
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38«5
CHEMIC.L SEPRLRATIONS
Element separated: Strontium | Procedurc by: Newton
Target material: Thorium metal (.1-1 gm) Timo for sep'n: 1 hr.
Type of bbdt: 60" alphas | Equipmont rcquired: Standard

Yicld: 75% on Sr

Degrce of purification: 106 other F.P. f"103 from yariun

ddvantages: Ba and Sr can be taken out in same proccdurc.

Procedure: The Th metal is dissolved in conc HC1l plus a few drops of
.2 M (NE )ZSiF to clear up the black residue. The HCl is diluted
to 2 N and an aliquot taken.
(1) Add 20 mg cach Ba and Sr carrier and 30 ml fuming nitric acid.

Cool 1-2 minutes with stirring and centrifuge. (If 50, prescnt
add H,SO, to ppt BaSO,. Wash with 10 ml H,0. Metathésize with

50% KZCO by boiling 5 min. Contrifuge, wash with water, Dissolve
ppt 1% 1 N HNO Discard residue. Then make fuming nitric acid
pptn

(2) Dissolve ppt in 2 ml Héo. Re-precipitate with 15 ml fuming HNO,.

(3) Dissolve ppt in 5 to 10 mL H 0. 4dd 5 mg Fe' ', ppt Fe(OH)
by adding 2 ml carbonate frce 6 M NH, OH or pass in NH5 gas %o
ppt Fc(QH) Centrifuge.

(4) Neutralize supernate with 6 N HNO,. 4Add 1 ml 6 M’Huc, 2ml 6 M
NH,Ac. Heat solution to nearly bdiling. £dd 1 ml of 1.5 M Na,CrO,
dropwise with stirring. Let stand 1 min. Centrifugec. Rescrve
supernate for Sr.

(5) To clear supernate add 2 ml conc NH,OH. Hcat nearly to boiling.
Add 5 ml saturated ammonium oxalatc “slowly with stirring. Stir
1-2 min., filter with suction into a weighed filter paper. Wash
three times with 5 ml dil hot NH,OH, threc times with 5 ml 957%
Et0H, three times with 5 ml Etzo. Dry by vacuun 2 min, releaso,
5 min.. Weigh as SrC O HZO' .

- Remarks: This procedure has becn described prCV1ously (Phys. Rev, 75 17
(1949)).

For separation of Ba from this procedurc sec (56-7).

Prcparation of carrier solution: Dissolve 2%.1 gms of Sr(NO )2 in
water and dilute to L liter.

Standardization: Take 5 ml carrier add 30 ml H,0. -.idd 5 ml saturatod
oxalic acid and heat nearly to boiling. JAdd 2 ml conc NH,OH dropwise with
stirring. Let stand 10 minutes, cool in tap water. Filtér into a sintered
- glass crucible. %Wash 3 times with hot water containing a slight amount
of NH,OH, thrce times with 95% EtOH and threc times with 5 ml portions Et,0.
Evocudte in vac desiccator for 2 min.,release woe and evacuate five minutos
longor and weigh as SrC_,0,.,H,0. Rcpeat evacuations until weight constant to

27472 P-18-281
8/23%9
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CHEIMICAL SFPARATIONS

Element separated: Yttrium (Y-grou- rare earths) Procedure by: Gocckermann

Target material: A 1 ¢ Bi metal Time for sep'n: 2 hrs.

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

fuge, tubes, ice, vacuum
dessicator, tank SO2 &

NHS

Yield: wn 70%

Degree of purification: Ibcontamination‘factor'VW104 from non-RE fission &
spallation products, Y-group separation from La-group probably fair.

Advantages: Designed to separate a lot of ¥ activity from a hot target which
has little rare earth activity, especially Y~-group RE.

Procedure:

(1)

(2)
(3)

(4)

(6)
(7)
(8)

(9)

(10)

To aliquot of HNO, soln of target, add 10 mg Y, La, Ce, & Zr,
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,. Add 0.2 g KBrO5
& 20 ml 0.35 M HIO;, digeSt 3 min in ice bath. Cent Ce(IO ) .

Add seccond portion YBrO to supn, 10 mg Ce & Zr, digest 5 min in
ice bath.

Add 9 ml 19 M NaOH to supn. ¥ash ppt with HZO;

Dissolve ppt in 1 ml conc HC1l, dil to 8 ml, reduce with SO
hydroxides with NHS & wash with slightly alkaline HZO'

o Ppt

0,

Dissolve in HCl & scav with Bl2 3 twice.

Boil out HéS, make z_g in H+ & 2dd 2 ml conc. HF. Vash with HéO.
Metathesize with pellet NaCOH in a little H,0 & wash hydroxide

ppt (watch 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 becomss crystalline (occurs sudden%y after
long heating), then 2 min longer. Cent La-group ppt.

Acidify supn with HCl, ppt Y(OH) with NH_, & wesh twice with H,O0.
3 2
(May repeat La-group scparatlon)

Dissolve Y(OH), in 1 ml 5 N HCl, add 15 ml H 0, boil, add 15 ml
sat H,C,0,, difest 10 min in ice bath, filter, wash with 3 ml

HZO’ hreé times with 5 ml EtOH, three %imes with 5 ml ether, dry
in vacuum dessicator -~ 2 min. evac, rclease, 2 min evac, rclease,
2 min cvac. Veigh as Y2(0204)5-10H20 (35.0 mg per 10 mg Y).

P~18=50
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Remarks: Sometimes no separation from Ce or La-group activities was mode
in the bismuth fission work. Real separations of Y and the lanthanides
can be done with resin columns.

7/12/49
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CHEMICAL SEPARATIONS

Element separated: Yttrium Procedure by: Lindner

Target material: Sb (~ .5 gm metal) Time for sep'n: o, 2 hour
!

Type of bbdt: 184" D, & a Equipment required:

Lusteroid tubes, centrifuge,
_ cones '

Yield: NV 95%

Degree of purification: ‘At least factor of 100

Procedure:

(1)
(@)
(3)
(4)
(5)
(6)
(7)
(8)

(9)
(10)

(11)

(12)

8/18/49
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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 HNO dropwise untll
dissolved (~s 10 min). Dilute to ~ 20 ml.

To the SbF, ~ solution<édd 20 mg each of Te, Sn, In, Cd, Ag,
Pd,vRu{ Mo“and Y carriers as soluble salts. Add 2 drops conc HCl.
Centrifuge the YF5 and AgCl ppts.

Wash the ppt with 1 ¥ HF.

Dissolve out the Ag from the ppt by adding 1 ml conc. NH OH.
Centrifuge.

Dissolve the YF_ in 0.5 ml sat H_,BO,, 1.0 ml conc HNO,, on a
hot water bath.” Add 5 ml 6 N NaOH and centrifuge.

Ylash the Y(OH), ppt with alkaline sol'n and dissolve in one drop
conc. HCl., Dilute to 20 ml. Add 1 gm NH,Ac. Add 2 mg In
soln. Saturate with st and centrifuge. “Discard the InZS5 ppt.

Boil the supn to expel st. Add 3 drops 27 N HF.

Dissolve the YF, ppt in: HzB0,-HNO, and ppt Y(OH) as in (5).
Make to 20 ml in 2 N HC1. .

Add 2 mg SbCl3 carrier to sol'n. Saturate hot with HZS' Centrifuge.

Discard the obzs5 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 H,0, then 5 ml EtOH, 3 times with ether. Dry in
desiccator under vacuum. eigh as Y2(0204)3.10H20 (35.0 mg per
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39m3
CHEKICAL SEFARATIONS
Eloment separated:Yttrium Procedure by: S. V. Castner
Target materials: $rC0, | Time for sep'm: 20 min.
Type of bbdty Protons 184" Equipment required: Centrifuge,

cones, hot water bath
Yield: 100% by radicactivity (see remarks)
Degree of purificotion: € 1% Sr carried with Y.

Advantages: Crystalline ppt which is easier to centrifuge and/or filter
than usual hydroxide curds

Procedure:

(1) Dissolve SrC0, in YCl3 soln containiyg H sufficient to dissolve
the carbonate” (1/3 mg/ml of Y01, & H = .025 N).

(2) Add 1/2 vl of soln made as follows: 0.17 mg (i:jff\n (8 hydroxy
‘ ' N
N OH

quinoline) dissolved in 12.5 ml of ccetone diluted to 50 ml with

H, 0. (turns yellow due to acidity of distilled HZO)' Stir.

(3) Add conc NH4OH dropwise until odor of NH, con bo detected above
soln.

(4) Place in boiling water bath for 10 minutes, contrifuge. Yttrium
will ppt as very finely divided grayish green crystals,Sr remains
in soln In chemical yield run,> 99% Sr recovered after yttrium
was ppte Y ppbt moy be dissolved in H or H + acetonc.

Remarks:
(1) On a second ppt of Y from Sr bombardment by above method no
activity (¢ 30 c/h abovo bagkground) was detected in Y fraction.
Initicl Y fraction had > 10° ¢/m in loss than 1% of the fraction.
(2) All Y rore earths carry with Y .
(3) No expt tried to see if lanthanum rare earths carry or not.
(4) Aftor the yttrium has been coagulated and centrifuged the soln,

being basic, is colorless and clear. Filtering through densec
filter paper on o Hirsch funnel will also remove all ppt.

8/16/49
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CHEMICAL SEPARATIONS
Elcment scparated: Zirconium Procedurc by: Goockermann
Target material: v»n 1 g Bi metal Time for scp'n: 1-2 hrs,
Type of bbdt: 184" all particles Equipment required: Centrifuge,

tubes, lusteroid concs, ice,
small porcclain crucible.

Yield: o~ 60%

Degree of purification: Decontomination factor ¢ 104 from fission and
spallation products (no Th & negligiblc Hf activity present).

Advantages: Good yicld of pure Zr, if ro Hf activity present.
Proccdure:
(1) To aliquot of HNO, soln of target, add 10 mg Zr, makc samplc up
~ to A 5 ml of 5 N'HNO, in a lustcroid conec. Add 2 ml conc. HF
& 10 mg La. Repcat LaFS pptn.
(2) Add 50 mg Ba to supn. Wash BaZrFy ppt.

(3) Dissolve ppt in 2 ml 5% H,B0, add 1 ml conc. HNO
repeat IaF% pptn twice (as in (1) and (2)).

3 & 5 ml HZO’

(4) Reneat BaZrF, pptn.

5) Dissolve with 2 ml H_BO,, 2 ml conc. HCl, & 5 ml H,0. Add 1 dron
? 2 [
conc HZSO4 & cont out BaSO4.

(6) Dil supn to 20 ml & add 2 ml 6% cupferron in icc bath, filtcr, wash
with cold 1 N HCl containing cupferron, ignite in a porcelain
crucible. Ycigh as zr0, (13.5 mg per 10 mg Zr).

Remarks: This procedurc probobly cffecets no separation from Hf,Th I don't
know about. Zr can bc scparated from Hf by the use of TTA or anion
exchange resins.

7/6/49
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40-2
CHEMIQAL SEPARATIONS
Element separated: Zirconium Procedure by: Newton
"Target meterial: Thorium metal (,1-1 gm) + Time for septn: 1-2 hrs.
Type of bbdt: 60" alphas Equipment required: Standard

Yield: ~ 60%

Procedure: The Th metal is dissolved in conc HCl plus a few drops of .2 M
(NH )ZSiF to clear up the black residue. The HCl is diluted to 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.
Centri%uge off ThF4.

(2) Add 10 m§+£a+++ carrier. Mix well and centrifuge. Add a second
10 mg Ia and centrifuge down on top of lst ppt. Decant.

(3) Add 50 mg Ba'' to supn. Mix and let stand 1 min. Centrifuge.

(4) Dissolvwe pot by adding 2 ml 5% H;BO5 and stirring, Add 1 ml cone
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 HCl and 5 ml H,0. Add 1 drop
cone HZSO4 and,centrifuge off BaSO4.

(7) Transfer supernatc. Dilute to 20 ml and ppt Zr at ice temp with
2 ml 6% cupferron reagent., Centrifuge. Vesh ppt with 1 ml cold
HC1 conteining a few drops of cupferron. Filter at once.

(8) Ignite ppt to Zr0, in porcelain crucible. eigh.

2
Remarls: This procedure has been described previously. (Phys. Rev. 75 17(1949)).
Preparation of carrier solutions: Dissolve 29,40 gms 2r0 (10, ), 2 0

in water, adding a few drops of HNO3 if necessary to clarify the sSolution.
Dilute %o 1 liter.

Standardigzation: Take 5 ml carrier. Make 2 M in HC1 and cool in
ice bath to 10 C. Add a slight excess of 6% cupferron solution. Filter
and ignite in a porcelain crucible with care to prevent splattgring of
oils distilled from cupferron. , Final ignition temperature 600  C. Weigh
as 2r0,. (6% cupferron solutiont =~ 6 gms cupferron and pinch of (NH4)2CO3
in 100 ml Héo. Solution slowly decomposes.

8/23/49
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41-1
CHEMICAL SEPARATIONS
Element separated: Columbium Procedure by: Goeckermann
Target material: A1l g Bi metal Time for scp'n: v 2 hrs.
Type of bbdt: 184" all particles Equipment recquired: Centrifuge,
tubes, ice, lusteroid concs,
crucible

Yicld: approx. 50%

Degree of purification: Docontamination factor}‘lo3 from fission & spalla-
tion products.

Advontages: Fair yield of pure Cb
Procedure:

1. Add cqual volume of concentrated HNO, to aliquot of HNO3 soln of
targot, 1 ml 6N HC1l, 1 ml saturated H,C 0 20 mg Cb, and 10 mg
Zr. Heat and 7dd 0.5 KBrO3 in smﬂl% portlons. Digest 5 min.
and centrifuge Cb,0 Wash precipitate hot with 3 ml 6N HNO

2 ml 6 N NH,OH, a2a%5 ml H,0.

2. Dissolve in 1-2 ml saturated H20204 + 10 drops 6 N HCl1. DMrkc up
to 20 ml of 6N HCl, 0.05M H,SO,, aid add 10 ml CHCl,. Cool in
jce bath, add 2 ml fresh 6% cupferron and shake wcl§ Extract
a sccond time with more CHCl, and cupferron. Wash CHCl, with
20 ml cold 6N HCl and 0.051 SO3 containing morc cupferron.
3. Boil with 10 ml concentroted HNO,, adding KBrO_ until CHCI is gonec,

solution is palc yellow and Cbz 5 has preclpltétcd.

4, Transfer to lusteroid with dil. HNO « Dissolve by adding 1 nl
concentrated HF. Add 2 ml 6N HNO,, lO mg 2r, and 5 ml Héo. Add
50 mg Ba dropwisc and contrifuge gaZrF

5. Add 6 ml concenbtrated NH,OH to supernatant (to pH 8-10). Centrifuge
Cb,0., and wash with 3 m& 6N NH,OH, 1 ml 6N HNO,, and 5 ml H,0. Usc
a sccond'wash to transfer prcclpltato back to glass.

6+ Dissolve hot in2 ml saturated H,C,0, plus 10 drops 6N HNOz. 4Add
5 ml H,0, 5 ml concentrated HNO,, héat, add 0.5 g KBrO, slowly,
digest”5 min., contrifuge. Stif precipitate up with 3 ml 6N HNO, s
2 ml GN NH,0H, and 5 ml H,0, hecat, filter, ignitec in a cruc1blc

15 min, ﬂblgh as Cb %Q 30 mg per 10 mg Cb).
Remorks: The oxtrn is supposed Yo scparatec Cb from Zr, Tec, & Mo.

. The extrn scparation was substituted for hoavy metal
sulfide scav,to remove Te and Mo. The exbtrn procedurc can possibly be
combined with carrying of the Cb tracer on hnO2 pptd from 10 N HNO
for a carrier frce procedurc,

7/29/49
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CHEMICAL SEPLRATIONS
Element scparﬁtcd: Molybdenum Procedure by: Gocckermonn
Target material: 4 1 g Bi motal Time for sep'n: (N 1 hr.
Typc of bbdt: 184" all particles Equipment required: Centrifuge,

tubes, icc, 110O oven

Yield: =approx. 50-80%

A
Degrec of purification: Decontamination factor » 10  from fission and spal-
lation products,

Advantages: Good yicld of pure Mo
Proccdurc:

1. Add 10 mg Mo ond concentrated HCl to aliquot of ENO, soln of target,
destroy HNO,. Mdike up to 5 mil QE HC1l, add onc drop Br, water,
extract twice with 15 ml cther. Combine ether layers and wash
twice with 2 ml 6N HCl. Evaporate ether over 5 ml HZO'

2. Boil out cther, dilutec 0o 20 ml, add 5 mg Fc+3 and prccipitate with
N..H .

3

3. Add € ml conccentrated HNO, and 1 ml saturated H,C,0, to supcrnatant,
cool, add 5 ml 27 solution of a~benzoin oxime iR dlcohol, digest
2 min., 2dd acrosol and centrifuge 5 min. (If the Mo oxime does
not scttle well, dilute the soluvion with CZHSOH)' Wesh twioc with

20 ml 1N HN03. '

4e £4dd 2 ml conccntrated HNO, and 1 ml concentrated HC1O, and boil
carefully to fuming. Coo?, dilute to 15 ml with HZQ,‘add 5 mg Fe
and precipitate with NHs. '

+3

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 AgNOS,
cool“slowly with stirring, filtér, wash five times with Soml 0.03
M AgNO,, threc times with 5 ml C HSOH, dry 15 min. at 110" C.
Weigh &s Ag,MoO, (39.16 mg per 16 mg Mo).

Remarks: More eycles of cther extroction and oxime precipitation may be
added if needed for purity. Mo oxime can be dissolved completely by
6N NaOH & rcpptd by acidifying & adding morc a-benzoin oxime.

7 /29,/49
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CHEMICAL SEPARATIONS

Element scparated: Molybdenum Procedure by: Lippmann and
B Gocckermann

Target material: Au foil, about 1 g Time for scp'n: 2 hr.

Yicld: 65% Equipment required: Ico bath

and hot water bath.

Degree of purificatign: Good -~ about 105 from Au and spallation products
and at loast 10" from fission products.

Advantages: Sr, Ba and Mo can all be separated from the same target material.

Procodurc: Dissolve target in hot solution containing 10 mg cach of Sr,
Ba, and Moy 5 ml of 12 g'HCl and 5 ml of fuming HNO.,. Cool solution
in icc bath and slowly add about 30 ml fuming HNO,.  Sr(NO.), and

s e . 3 372
Ba(Nog)2 precipitate. Centrifuge.

Heat suparmatent from precipitation of Sr(No,), and Ba(NOS) in water
bath to destroy HCl. Cool in icc bath and sfowly add K FO(EN)6 solution
until no further precipitate appears. Centrifuge. Was% precipitate
with 10 ml of 6 M HNO, containing a fow drops of K,Fe(CN). solution and
centrifugo again., DisSsolvo precipitate in 10 ml of 6 M H%l with hoating,
dilute to 30 ml with alcohol, cool in ice bath, and add 5 ml of 2%
solution of a-bcnzoinoxime in alcohol., Centrifuge. Wash precipitate
with 10 ml alcohol and centrifuge again. Dissolve precipitate by

slowly adding 4 ml of 16 M HNO,, hcating gently in hot water bath when
roaction slows down. When all®of precipitate has dissolved add 1 ml
concentrated HC10, and heat cautiously over a flamec until thick, white
fumes have $9ge 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 WH,OH -
and centrifuge. To the supernatent add a drop of mcthyl orangc, make
just acid with 6 M H,50,, buffer with 1 ml of 1 M NaCzHSOZ, heat to
boiling, add 10 dFops of 1 1f Agl0,, digest in ho% watSr°b&th, cool,
filter, wash five times with 5 ml“of H,0 containing e few grops of
AgNO,, five times with 5 ml alcohol, dfy 15 minubtes at 110°C. Veigh

as Ang04.

Remarks:

In order to destroy the Mo a-benzoinoxime the solution must be heatod
until white fumes havo boiled off for several minutes. If all of the
a~benzoin oxime is not destroyed, Mo a-benzoin oxime will ropreecipitete
when the solution is made basic. '

All additions of fuming or concentrated HNO, should be made cautiously:
they tend to renct violently after a short induction period.

8/12 /49
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CHEMICAL SEPARAT IONS
Element separated: Molzbdenuxﬁ Procedure by: Newton
Target material: Thorium met‘al (.1-1 gm) Time for sep'n: ™~ 3 hrs.
Type of bbdt: 60" als Equipment required: Standard

Yield: ~s 60%
Degree of purification: ~v 105--106

Advantages: The Th metal is dissolwved in conc HC1 + o' few drops .2 M solution
(N¥H,)_SiF. to clear up black residue. The HCl is diluted to 2 N and

an g‘.l.quuo% talten.

(1) Add 10 mg o to sample in HC1. Add Br, to oxidize Mo. BMake
6 N HCl. Extract three times with dou%le volume ether. Combine
- ether layers. ™ash twice with 2 ml1 6 N HCl. Evaporate ether
over water. (May repeat EtZO.extractiB'n after Fe (OH):3 scavenging.

(2) To evaporated solution add 5 ml 6 N HNO_,, 1 ml sat H,C,0, (comp lex
Cb), ppt by stirring with 5 ml 2% G-benzdin oxime. (pphs Mo, Cb
& Pd)s Let stand 2 min., wash with 20 m1 1 N HNOS.

(3) Add 2 ml conc HI\IO3 & 1 g_% 70% HC10 . Heat to fuming, cool, add
20 ml H,0. Add 5 mg Fe =~ & 2 ml conc NH OHe To supernate add
6 ml conc HNO, & re-ppt with 5 ml a-b-o, wash. Repeat pptn of
Fe for higher “purity.

(4) Dissolve in 2 ml conc HNO, & 1 ml 70% HC1l0, & 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. Iake just acid with 6 N H,80,. Buffer
with 2 ml 10% NaAc,_boi%, add 0.5 ml 1 M AgNO,. Cool with stirring.
Filter, wash 7 times with 5 ml 0.03mAgNO,, thiee times with 5 ml
95% EtOH. Dry 15 min at 110°. Cool in esiceator. Weigh as Ag,Mo0, .

"Remarks: This method has been previously 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 (NHI;)G Mo7024.4H20 in 1 liter Hy0.
To standardize carrier: Put 5 ml carrier in 250 ml beaker., Add 150 ml
HZO,methyl orange, several drops 6 N NH4OH to alkaline, just acid with
6N H SOQ. Add 1 gm Nalc ;, boil, add 2.5 ml 1 N AglNO,, stir. Cool slowly
0255 ¢ Filter on tared sintered rlass filteTr. - WaSh and weigh as

mentioned be»fore.
10 mg Mo = 39.15 mg Ag,Mo0, (M.iT. 375.71)

8/23/49
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42-4
| CHEMICAL SEPARATIONS
Elemont scparated: Iblybdenum Procedure by: Folger
Target material: nJ 4 g U metal Time for septn: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:n 104 from all F.P. activities
Advantages: Gives pure Mo 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 I HCl, add one drop Br, water, extract twice with 15 ml ether
alTlowing ~ 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'> and 2 mg Cb(as
oxalate) and precipitate with N, «

(3) Mpke supornatant 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 bath, add aerosol and centrifuge 5 min. (If the Mo oxime
does not settle well, dilute the solution with CZH5OH). Wash
twice with ~ 2 ml O.Siﬁ HESO4'

(4) Add 2 ml concentrated HNO, and 1 ml concentrated HC10, and boil
-cargfully to fuming. Coo?, dilute to 10 ml with H,0, add 2 mg
Fe””, and precipitate with 6 N NaOH.

(5) Repeat (3) by making 0.5 N in H,80, instead of HCl. Repeat (4).
(6) . Add 1 drop methyl orange to supernatent and make just acid with
6 N H,S0, . Buffer with 1 ml 10% CH,COONa, boil, add 10 drons 1 M
Aglo_5 c6ol slowly with stirring, filter, wash five times with
5 m1~0.03 M.AgNOS, three times with 5 ml C_H.OH, dry 15 min. at
110° C. Wsigh a5 AgZMbO4 (39.16 mg per 10°nmg Mo).

Remarks:

(1) More cycles of ether extraction and oxime precipitation may be
added if needed for purity.

(2) Mo-o-benzoinoxime can be completely dissolved in 6 ¥ NaOH and
re-pptd by making the soln 0.5 N in H and adding a-b-o.

(3) Continued fuming with conc HNO, and conc HC10, will ppt a form of
‘molybdic acid which can be dissolved readily in 6 N NaOH.

8/12/49
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CHEMICAL SEPARATIONS
Element scparated: Ruthenium Proccdurc by: Gocckermann
Target mterial: ¢/%1 g Bi motal Time for scp'n: w2 hr.
Type of bbdt: 184" all particles Equipment required: Distil-

ling flask, ice, contrifugo,
tubes, 110° ovon

Yicld: approx. 60%

Degrece of purification: Decontomination factor > lO4 from fission and spal-
lation products.

sdvantages: Fair yicld of pure Ru

Proccdure:

1. 4dd 10 mg Ru and Os to aliquot of HNO, soln of target, boil 6N
HNO, solution to volatilizc 0sO,. Trdnsfer to glass still, add
10 mg I", 0.5 g MaBiO,, 1 ml cofcontrated H,PO,, and 10 ml 70% HCLO ,
Boil in air stream without bumping and distill over Ru0, into 4
12 ml 6N NaOH in an ice bath, Distill until 1-2 ml of ﬁClO4 hawve
distillcd (2-3 min. after fuming berins ).

2. To distillate, add 3 ml CZH OH and boil 1~2 min. until Ru oxide is
coagulated. MWWash with 10 m? Héo and 1 ml 6N NaOH and boil.

8. Distill Ru0O, agnin, if nccossary, and reprecipitatc oxide.

4. Dissolve precipitate in 2 ml hot 6N HC1l and dilute to 12 ml. Add
V10,2 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 HCl to remove excess
Mg and boil, filter, wash threc times with 5 ml hot H,0, threce-
times with 5 ml C_H_OH,. thrcc times with 5 ml cthor, ﬁry 10 min.

at 110° C. Woigh’al Ru’.

Romarks: Some Ru may be lost from boiling a conc. HNO3 soln. 0s & Tc do
not ppt with thc EtOH. The NaBiQ, converts I to lodate to prevent
volatilization. The H3P04 provcnés volatilization of small amounts
of Mo.

7/29/49
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CHEMICAL SEPARATIONS
Eloment soparated: Ruthenium - Proccdurc by: Folger & Hicks
Also by Wolfc
Target moterial:~s 4 go U motal Time for scp'm: ~y 1 1/2 -2 hr,

Type of bbdt: 184" all high cnergy particles Equipment roquircd:
"Ruthenium still" (all glass)

Yicld: approx. 60%
Degree of purification: mu 104 from all F.P. activities.

Advanbares: Fairly rapid, simple proccdurc for obtnining a good yicld of Ru.

Procedurc:

(1) Add 10 mg Ru and Os, boil 6 N HNO, sclution to volatilizc 0s0,.
Tronsfor to glass still, add 10 mg 1, 0.5 g NaBiO,, 5 mg Mo ﬁold—
back, 1 ml conccntrated H Poé,and 10m170% HC10,. Boil in air
strecam without bumping ané distill over RuQ, into 12 ml 6N NaOH
in an icc bath. Distill until 3-4 ml of HC%O4 have distiTlled
(6 min. after fuming bogins). :

(2) To distillate, add 3 ml CZH OH and boil 1~2 mine until Ru oxide
. is coagulated. Wash with 18 ml Hzo and 1 ml 6 N NoOH and boil.
(lecaves Tc behind).

(3) Distill Ru0, again, if nocessary, and roprecipitate oxide.

(4) Dissolve precipitate in 2 ml hot 6 N HCl and dilutc to 12 ml.
(Take aliquot for counting here if desired): Adda, 0.2 g Ig
chips or coarsc powder slgwly (2dd aorosol) until solution passcs
through bluc stage and Ru appears. Boil gently until coogulated.
Add 5 ml concentrated HCl to remove coxecss Mg and boil, filter,
wash threce timos with 5 ml hot H,0, thrce timcsowith 5 ml CZHSOHB
three times with 5 ml other, dry 10 min. at 1107 C. Weigh ds"Ru .

8/16,/49
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CHEMICAL SZPARATIONS
Element separated: Rufhenium . Procedure by: Lindner
Target material: Sb {~s.5 gm metal) Time for septn: - ~J 2 hr.
Type of bbdt: 184" D, & a Equipmsnt required: "Ru still"

Yield:

Iusteroid tubes, centrifuge,
cones.

50% or greater

Degree of purification: At least factor of 100

Procedure:

(1)
(2)

(3)
(@)
(5)
(6)
(7)
(5

(9)
(10)

(11)
(12)

8/18/49
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A}

To dissolve the Sb metal, add 15 drops of 27 N HF %o it in a
lusteroid tube in a hot water bath. Add conc—'HNO5 dropwise
until dissolved (~~ 10 min.) Dilute to ~ 20 ml.

To the SbF,” solution add 20 mg each of Te, Sn, In, Cd, Ag, Pd,
Ru, Mo and” Y carriers as soluble salts: Add 2 drops conc. HCl.
Centrifuge the YF3 and AgCl ppts. '

To half of the supn add 5 ml of 1% dimethyl glyoxime in alcohol.
Centrifuge.

Place the supn on an ice bath, add 5 ml 2% o benzoin oxime and
digest 2 min. Centrifugs.

Evaporate suptn to near-dryness on hot plate., Add 10 ml HZO’ 2 ml

oonc. HZSO4 end evap to fuming for 20 min.

Transfer to "Ru distilling flask", add 5 ml 70% HClO4. Boil to
fuming for 10 min, catching distillate in 5 ml 6'§ NaOH.

»

Add 2 ml BiOH to the Ruo4 in NaOQH, boil and centrifuge.
Dissolve the R.uO2 ppt in a minimum 6 N HCI.

Add 5 ml 70% HCLO Repeat steps 6-8.

46
Add 0.2 mm Mg powder to aliquot of the Ru' '+ sol'n slowly. Boil
gently to coagulate Ru,

Add 5 ml conc HCl to dissolve excess Mg and boil.

Plate the Ru metal and count.
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44-4
CHEMICAL SEPARATIONS
Element separated: Ruthenium Procedure by: Newton
Target material: Thorium metal (.1-1 gm ) Time for sepfn: 1 hr.
Type of bbdt: 60" alphas Equipment required:

"Ruthenium still"
Yield: ~ 108

Procedure: The Th metal is dissolved in conc HCl plus a fow drops of .2 M
(NH,),SiF, to clear up the black rosidue. The HCl is diluted to 2 N
and af aliquot taken. -

(1) Placc aliquot in o distilling flask, odd 20 mg Ru carrier,

10 mg I carrier, 0.5 gm NaBiO,, 1 ml 857 H,PO, and 10 ml 70%
HC10,. Hoat gently %o boiling“and distill Ruthenium rapidly,
(ovold bumping) into 12 ml of 6 N NaOH in a 50 ml centrifuge
tube in an ico bath. Distill +iTl 1-2 ml of HC10, have dis-
tilled (1~-2 min after fuming bogins ).

(2) To distillate add 5 ml EtOH. Heat gently to boiling by swirling
over a flame and centrifuge. Suspend pptd Ru in 10 ml H,0
containing 1 ml of 6 M NaOH. Heat %o boiling and centrifuge.

(3) Dissolve ppt by heating to boiling in.2 ml 6 M HCl. Add 10 ml
H, 0. 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 coagulated. Continue boiling 2 min.
Slowly add 5 ml of 12 M HCl to remove cxccss magnesium and again
boil 2 min. -

(4) Filter by suction on a weighed filter paper in a small Hirsch
funnel. Vlash three times with 5 ml hot H, 0, threce times with
5 ml 957 EtOH, and thrce times with 5 ml §t20. Dry 10 min. a%
110°. Weigh as Ru®.

Romarks:

Preparation of Carrier Solution: Dissolve 28 gms commercial
ruthenium chloride (RuClsRu014)x HZO) in water and dilute Yo 1 litor.

Standardization: Tcke 5 ml carrier in 250'ml crlenmoyer. Add 25 ml

H, 0, 2 ml conc. HCl., 4dd 0.4 gms powdercd magnosium metal in small
portions, shaking after cach addition. Add o few drops 0,1% aerosol

sol to prevent frothing and boil gently %ill the ruthenium is coagulated
and the supernate clear and colorless. Continue to boil 2 min. Add

10 ml 12 N HC1 to remove oxcess Ifg and boil 2 min., (Add morc Mg if
supernateuhot clear). Filtor, wash threce times with hot Hzo, threo
times with 5 ml portions EtOH, throec times with EtZO. Dry at 110°

and weigh as Ru metal.

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

P-18-256
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5 mm ID

19/38 ST ——-—-———}\\

23 ¢cnm

30 cm

Y

-

50 ml flask

Ruthcnium S+ill
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45-1
CHEMICAL SEPARATIONS
Element scparated: Rhodium Procedurc by: Wolfe
Target material: Uranium metal (v 1 gm) Time for sep'm: ~ 1 1/2 days
: when scparated with
Pt and Ir.
Type of bbdt: 388 Mov alphas Equipment required:  Speecial

distilling flask, ccntrifuge,
socp fumels, Lusteroid
tubcs, stondard.

Yicld: 10%
Dogree of purification: _104 from fission products (Yonec from Ir)
Procedurc:

(1) Cut out the central portion of the target and boil with conc HC1
to dissolve it and Yo oxpel Go.

(2) Add 5 mg I and I0,  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, cond
Pd carricrs. Withdraw o 204 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, .
B 0il the solution to cxpel Os and I. (CAUTION: 0s0, very poisonous. )

(6) Place the solution in a specicl all-glass distilling flask like
that uscd for the osmium distillation. Add 0.5 gm NaBiOS, 1m
conc H_PO,, and 10 ml 70% HC10,. Boil in an air stream without
bumping cnd distill over Ru0, into 12 ml 6 N NaOH in an icc bath.
Distill until 1-2 ml of HC1O, have distilled (2-3 min after fuming

. : 4
begins.) Sce (44-2).

(6) The residuc from this Ru distillation is fumed strongly with the

HClO4.

(7) Cool thc solution, dilute to 4 N and add 20 ml pyridinc.
py

(8) Boil the solution for five minutes, place in a scparatory fumol,
and add 19 N NaOH to scparate the frec-basc pyridinc layor (%he
high cone of NaOH is mercly to kecp tho volumc low.)

(9) wWash the dark bluc pyridinc layer threc times with cqual volumes of
dilutc HCl, separating the layers cach bime with 6 N NaOH.

(10) Add o fow drops of 6 N NaOH to the pyridine iaycr and cvaporate
the pyridinc off.

(11) Pass H,S intc tho boiling alkaline solution for scveral minutes,
while %ho solution is acidificd dropwisc with HCl. Sulfidcs of
Rh and Ir ppt. '

P-18-183
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(12) Dissolve the ppt in a little aqua rogla. Add 5 mg of Au, Pt,
and Pd carriers.

(13) Make soln 4 N in HCl and cxtract twice with cqual volumes of
butyl acetate to decontaminate from Hg and Au.

(14) Dilutc the solution to about 0.5 N in H+, add 5 ml dimothyl-glyaxime
solution (1% in alcohol) and filter off the Pd ppt.

- (16) Fume the remining solutionw ith H,80,, dilute, noutralizo to the
brom crcsol purple cnd point, and ddd BrO3 to ppt tho hydrated
oxidcs of Rh and Ir, lcaving Pt in solution.

(16) Dissolve the oxides in conc HCL and dilute to known volume.

(17) An aliquot of proper size to give about 5000 c/h is withdrawn
and a known amount of Rh carricr is addod to it.

(18) Fumec with H,S0,, dilutc twenty to onc, boil and ppt Rh metal by
adding TiCl3 dropwiso until a very slight cxcess is present.

(19) Platce this Rh metal and coumt.

Remarlks:

In uranium bombardments the activitysin step 16 is duc almost cntirely
to Rh, the activity of Ir being about 10 ° that of Rh --~ cven though no
scparation has becn made from Ir. In somc other bombarding arrangement where
the activitics of Ir and Rh arc morce closcly cqual, Ir could bec scparated
from the Rh by a procodurc similar to the last part of (77-3).

Rh, Ir and Pt should be scparated from onc bombardment lecaving Os, Ru,
and Pd for o sccond bombardment unless scveral pcople arc cooporating on
the proocdurc.

For othcr ploatinum metcl - fission product scparations sce:

Platinum: 78-3
Osmium: 76-1
Ruthenium 44-2

Palledium 46-5
Iridium 77-3

8/16 /49
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46-1
CHEMICAL SEPARLTIONS
Element scparated: Falladium ‘ Proocdurc by: Gocckermann
Target material: &4 1 g Bi metal ' Timc for sep*n:\J\ 2 hrs.
Type of bbdt: 184" all particles Equipment required: Centrifuge,

tubces, 1107 owven
Yicld: ¢4 60%

4 sk
Degreo of purification: Decontomination factor»10° from fission and
spallation products.

Advantages: Fair yield of purc Pd
Procedurc:

1. To aliquot of HNO, soln of target add 10 mg Pd+2,mako up to 20 ml
0.5N¥ HC1l, add 5 m% dimethyl-glyoxime solution (1% in alcohol).
Vash with dilute HC1.

2. Dissolve prccipifgtc in 1 ml concentrated HNOS, dilute with 10 ml
HZO’ add 5 mg Fe and meoke basic with NHS'

3. 4dd 10 mg Ag to supcrnatant and cnough I° to precipitate all the
Ag. Repeat AgI scavenging.

4. Mke supcrnatont 0.5 N in HC1 and coentrifuge out any LgCl., Add
5 ml dimethylglyoxime. Wash. '

5. Repcat purification cycle if nceded for higher purity.

6. Filter last Pdodimcthylglyoximc, wash with H,0 and C_H.OH, dry
10 nin. at 1100 C. Weigh as Pd dimethylglyoxime (20,70 mg per
10 ng Pd)o

Remarks: Zr and Ag arc the principlc contaminants of the dimethyl-glyoxime
ppt.

7/29/49
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46-2
| CHEMICAL SZPARATIONS
Elcment scparated: pgljadium Proccdurc by: Folgcr & Hicks
Target material:ev 4 go U metal Timo for scp'n: ~s2 hr.

Typc of bbdt: 184" all high cnorgy warticles  Equipment regquired: Centrifuge,
. cones, vac, filter

Yicld: ~ 60%
Degroc of purification: mlO4 from all F.P. activitics.
Advantages: Good yicld purc Pd.
Procedurc:
(1) Add 10 mg Pd ﬂnd 10 mg Ni, makec 0.4 N.ln HNO,, or HCl, add 3-5 ml
dimcthyl-glyoxime solution (1% in nlcohol) Wésh with diluto
HCl or HNO (0.2 N )
(2) Dissolve pr001p1t%to in 1 ml concontratcd HNO,, dilute with 5 ml
H, 0, add 2 mg Fo ~ and moke basic with NHS' écntrlfugc and rcpeat
Fb(OH) scavenge .

(3) Add 10 mg Ag to supcrnatant and cnough I° 4o prceipitate all the
Ag. Ccntrifuge and repeat Agl scavenging.

(4) Irke supcrnatont 0.4 N in HCl and contrifuge out any AgCl. Add
3-5 ml dimcthylglyoxime. Wash.

(5) Repeat purification cyclo (stcps 2,3,4) if nccded for higher

purity.

(6) Filter last Pd dlmothylgljoximc, wosh with H,0 and € h OH, dry
10 min. at 110° C. Weigh as Pd dimethylelyofime (20 278 mg per
10 mg Pa).

Romarks:
Pd-d-m-g is quitc bulky and may not ccntrifuge. In such casc, filter

with suction. The ppt may be dissolvod by adding conc HNO and catching the
solubion which runs through the filter,

8/16/49
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463
CHEMICAL SEPATATIONS
Element separated: Palladium Procedure by: Lindner
Target material: Sb (v .5 gm metal) Time for sep'm: ~» 1 hr.
Type of bbdt: 184" D2 & a - Equipment required:
Lusteroid tubes, centrifuge,

cones.
Yield: Greater than 50%
Degree of puiification: Factor of at least 100
Procedure:
(1) To dissolve the Sb metal, add 15 drops of 27 g.HF to it in a
lusteroid tube in a hot water bath. Add conc HNO3 dropwise until
dissolved (~ 10 min.) Dilute to ~r 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 YF‘3 and AgCl ppts.

(3) To half of the supn add 5 ml of 1% dimethyl glyoxime in alcohol.
Centrifuge.

(4) Vash the PA "DMG" ppt with water and dissolve in aqua regia.
Evaporate %o 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.

(5) Repeat (4) twice (do three times altogether).

(6) Wash the ppt with water and then alcohol.

(7) Plate the Pd “"DLG" ppt.

8/18/49
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46~4
CHEMICAL SEPARATIONS
Element separated: Palladium Procedure by: Newton
Target material: Thorium metal (.1~1 gm) Time for sep'm: ~ 1 hr.
Type of bbdt: 60" a's Equipment required: Standard

Yield: ~s 80%
Degree of purification: 106 except from Ag+

Procedure: The Th metal is dissolved in conc. HCl + a few drops .2 M solution
(¥H, ),SiF, to clear up black residue. The HC1l is diluted to 2 N
apd an aliquot taken.

1) To sample add\20 mg Pd' . If sample in HCl, must add HNO, to
p ) mg 3
oxidize Pd. .

2) Dissolvg ppt in 1 ml conc HNO,, 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. Centrifuge“and repeat scavenging.

(3) Make 0.4 N in HC1 and centrifuge out any AgCl. To supernate add
3-5 ml dimethyl glyoxime, wash.

(4) Repeat purification cycle in 2 & 3 for further purity.

(5) Wash dimethyl glyoxime ppt with H,0 and EtOH. Dry 10 min at
o . 2
110", Weigh,

Remarks: Zr and Ag+ are principal contaminants,

10 mg Pd = 31.6 mg Pd08N404H17

(1) The Pd is in Th as colloidal metal., Is not oxidized %o Pa‘t by
HC1 and does not exchange with carrier.

This method has been described previously (Phys. Rev. 76 17 (1949)).

8 /2.3/49
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46~-5
CHEMICAL SEPARATIONS
Element separated: Palladium Procedure by: Wolfe
Target material: Uronium (metol) Time for septn: ~»1 doy when

separatod with Os and Ru

Type of bbdt: 388 Mcv ats Equipment requirced: Special

Yiecld:

distilling flask, centrifuge,
sep funnel, Lusteroid tube,
standard

~~ 50%

Degree of purification: 105 from fission products

Proccdurc:

(1)
(2)
(3)

(4)

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

(9)
(10)

(11)

P~18m246

Cut out the central portion of the torget and boil with conecentrated
HC1 to dissolwe it and to cxpel Ge.

Ldd 5 mg I” and 103- and boil the solution again to expel iodine.

Add 20 mg Os, Ir, Pt and ALu carriers plus 20 mg Ba, Ru, Fh and Pd

carricrs. ithdrew o 20% aliquot for later determinations of Ba,
Ru, and Rh,

Place the remining solution in a special all-glass distilling flask
having a thistle tube ontry and an air cnbry. Add concentroted

HNO,, through thg thistlc tube, and distill OSO4 into 6 N NoOH in

an Icc bath. (Save for Os dotcrmination). -

Place the residue from the Os distillation in a beaker, add 10 ml
70% HC10, ond boil tho solution to fumes of HCLO, to oxpol Ru.

Dilute the solution, add 5 mg morc Ru carrier, and 5 mg more I =and
IO3 and repeat the fuming.

Add one ml dilute HCl, dilute tho solution to 4'2 and cxtract twice
with cqunl volume butyl acotate to deconteminate from Hg and from Au.

Dilute the solution to ~/0.5 N in H+, add 5 ml dimethylglyoxime
solution (1% in alcohol) and filter off the palladium ppt.

Dissolve ppt in HNOssdilutc to 0.5 N in H+, ond reppt the Pd dmg.

Dissolve ppt in HNO,, add 2 mg Ia*** carrior and ppt thc hydroxide
by adding NH&OH. Dissolve ppt in HNO3 and ppt hydroxide twice mera.

Add 10 mg Ag+ to supn and enough C1~ to ppt all the Ag. Centrifuge
and repeat 4gCl scavenges twicce. Centrifuge off all AgCl.



(12)

(18)

Remorks:

V3100703527

46~5 (page 2)

Dilute supn to known volume, transfor to o plastic lusteroid
container (to prevent adsorption of Ag daughter activity on glass
walls) and wrap in parafilm to prevont evoporation.

Allow the soln to stanflgor 12-16 hours until the 3.2 hr Agllz
daughtor of 21 hour Pd has grown into equilibrium. Thoreaftcrll
at intervals of about o day, known aliquots arc "milked" pf,the Ag
deughter by AgCl pptns in order %o detormine dceay of Pd .

0s, Ru and Pd can be taken from one bombardmont leaving Bh, Ir

and Pt for o sccond bombardment unloss sevoral people arc cooperating
on the procedure,

For other platinum motal - fission product separntions soco:

Platinum  78-3 Iridium 77~3 _ .
Osmium 76-1 Ruthcnium 44-2 Rhodium 45-1

8/17/49
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47-1
CHEMICAL SEPARALT IONS
Element separated: Silver Proccdure by: Folger & Hicks
Target material: «A 4 g. U metal foil Time for scp'n: WwAZ hr.

Type of bbdt: 184" all high cnergy particles Equipment required: Contri-

fuge, cones, microburncr, -
110" oven

Yicld: (4 80%

Degree of purification:.}lo3 from all F. P. activities

Advantages: Relatively simple procedure giving good separation in high yicld.

Proccdurec:

(1)
(2)
(3)
(4)
(5)
(6)
(7)

(8)

(9)

Remarks:

Dissolve target ind 10 N m\ros’.“ Take aliquot and dilute to wA 5-6
¥ HNO,. -

Add acrosol and preeipitate AgCl with 1 ml 0.5 gIHCI.** Wash
twicc with 10 ml 1 _I}T_'HNO3 containing 1 drop 2 N HCI.

Dissolve AgCl in 2 ml 6N il OH, dilutc to 10 ml, and add 2 mg o>
Centrifuge Fc(OH)3 ond repeat seavenge (may be done in same tube.)

Scturate supernatant with HZS in the cold, wash Agzs.

Dissolve Agzs in 2 ml concentrated HNOs,boil, dilute to approx.
4 N (8 ml) &nd precipitate AgCl with 1°ml 0.5 N HCl. Wash twice
with HNO3 containing 1 drop 2 N HC1.

Repeat (3).

Repoat (4).

Dissolve Ag,S in 1 ml concentrated ggos,boil to destroy or rcmove
all H,S dilute to 6 ml, add 1 mg Fe ~, and moake basic with NH.

Add aerosol, make 2N in HNO,, add 2 drovs 6 N HC1 and boil %o
coagulate. Filter, wash th¥cc times with 5 ml 0.5 N HNO, three
times with 5 ml C,H.OH, dry 10 min. at 110° C. Teigh asAgCl
(13.28 ng per 10 mg Ag).

* Ag 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 carricr should be added so that the aliquot will contain
10-20 mg.

#:Boiling thc solution over a microburner with stirring (being careful to
avoid loss by bumping over) causcs rapid and complete coagulation of
AgC]. .

In step 2 addition of a few drops Ba & Sr plus 2 drops 50% K,C0, will

7/28/49 provide additional dccontamination from thesc clements.
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47-2

CHEMICAL SEPARATIONS
Elcment scparated: §ilzgi Proccdurc by: Gooclkermann
Target material:g/ 1 g Bi metal Time for scp'n: u\ 2 hrs.
Typc of bbdt: 184" all particloes A Equipment required: Contri-

fuge, tubes, ice, 110° oven-
Yicld: ¢R80%

Degree of purification: Docontamination factor M 104 from fission and
spallation products

-dvantages: Good yicld of purc ig
Proccdurcs

(1) To aliquot of HNO, soln of target add 10 mg Ag, acrosol, dilute
to 20 ml, and precipitato AgCl with 1 ml 6N HCl., Wash with 10 ml

HZO'

(2) Dissolve AgCl in 2 nl 6§INH40H, dilute to 10 nl, ond add 5 mg F0+3

(3) Saturate supcrnatant with H,S in the cold, wash Ag,Se

2

(4) Dissolve 4Ag,S in 1 ml concontrated HNO,, dilute to 20 nl, and
precipitate AgCl with 1 ml 6N HCI. ,aéh with H 0.

(5) Repcat (2).
(6) "Repeat (3).

(7) Dlsgolve Ag,S in 1 ml concentrated HNO;, dilute to 10 nl, add 5 mg
Fe* s and mike basic with NH%

(8) Add 5 drons 6N HCl to supcrnatant, add acrosol, make 1N in HNO,,
heat, filter, wash threco bires wzth 5 ml HZO’ three times with
5 ml C,H OH, dry 10 min. at 110° C. Weigh“as AgCl (15.28 mg por
10 mg ag

Rcmcrks ¥ilkinson suggcsted an clectrolysis proccdure involving plating
ng on the cathode from 2-3 N HNO, and then transforring it %o the
anode in a cyanidc bath -= this i$§ good unless Pt, 4u, Ir, or Os arc
present.

7/29/49
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47-3
CHEMICAL SEPARATIONS
Element separated: Silver Procedure by: R. C. Lilly
Target material: Cd (separated isotopes) Time for sep'n: 30-40 minutes
Type of bbdt: Deuterons and protons - 60" Equipment required: beakefs,

funnels, Hirsch funnel

Yield: ~ 90%

Degree of purification: good - at least factor of 100 from other activities
present. '

Advantages: Simplicity

Frocedure:

(1)

(2)

(3)

(a)
(5)
(6)
(7)

Remarks:
the

8/17/49'

P~18~216

Dissolve the Cd tafget, weighing 10-1€ mg, in a few milliliters
of conc. HNO, in a small beakers. When all of the material has
dissolved, eVaporate to dryness to drive off excess HNOz.

Add 3 - 4 mg In and 3-4 mg. Ag os the nitrate solfns and

dilute to ~s 10 ml with Héo.

Addl N HC1 dropwise until the Ag is completely ppt'd as AgCl.
Coagulate the ppt by heating and filter through o small #42

Whatman filter paper in a short-stemmed glass funnel. (the filtrate

~contains the Cd and In fractions and is worked up separately as

described in the procedures for Cd and In from Cd targets, Nos.
48-3 and 49-1. '

VWash . the AgCl ppt several times with 0.1 E‘HNOS, discording the
washes. Dissolve ppt throurh paper with 6 N NH40H, collecting
the soln in another small beaker. -

To scavange for In, add 2-3 mg Fe as ~5 ml of FeCl, soln, stirring
well during the addition. Coagulate the ppt by heating, filter,
and discard it.

Re-~ncidify the filtrate with HNO, and add a few drops of 1 N HC1
to moke sure thet the AgCl is completely ppt'd. Coagulate The
ppt by heating and filter through o 542 Whatmon paper disc held
in a Gooch crucible or Hirsch funnel.

Suck the sample as dry as possible and then pour 1-2 ml acetone
through the paper %o remove the residunl HZO‘ When the paper
disc is dry, mount under tape.

‘See Scott (Std. Meth, Chem. Anal.) for complete informtion on
pptin of AgCl,
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CHEMICAL SEPARAT IONS /

Element separated: Silver Procedure by: Lindner

Target material: Sb (~ .5 gm metal) Time for sep'n: ~v 1 hr.

Type of bbdt: 184" D, & 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 HNO dropwise
until dissolved (10 min). Dilute to .. 20 ml.

(2) To the SbF4" solution add 20 mg each of Te, Sn, In, Cd, Ag,
Pd, Ru, M & Y carriers as soluble salts. Add 2 drops conc. HCl.

Centrifuge the YF3 and AgCl ppts.
(3) VWash the ppt with 1 N HF.

(4) Dissolve out the Ag® from the pnt by adding 1 ml conc. NH,OH.
Centrifuge.

(5) Dilute the supn %o 5 ml and add 2 mg Fo'™ carrier. Centrifuge
and discard the ppt of Fe(OH)S.

(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 ppt and repeat (6).

(8) hdd 2 ml 6 N NaOH to the AzC1 ppt. Digest 10 minutes in hot
water bath.” Dilute to 10 ml & centrifuge.

(9) ash the Ag,0 ppt with water and then dissolve in 1 drop conc.
HNO

(10) This solution can be plated or if chemical yield is to be determined
the Ag should be weighed as AgCl.

8/18/49
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47-5
CHEMICAL SEPARATIONS
Element secparated: Silver Proccdure by:s Newton
Targot material: Thorium metal (¢1~1 gm) Time for sep'™m: 1 hr
Type of bbdt: 60" ats Equipment recuired: Standard,
tank HZS

Yicld: ~JB5%
Degrce of purification: ot 106 except from Pd

Procedurc: Th metal dissolved in conc HCl + a fow drops +2 M solution
(NH ) SiF, to clear up black residue. The HCl is diluted to 2 I and
an allquo% taken.

(1) Adé 20 mg Ag' to sample after diluting to 0.3 N HCl. Digest a
few min. Conitrifuge AgCl ppt off and wash with 10 ml HéO.

(2) Disgolve ApCl in2 ml 6 N NH,OH. Dilute to 10 ml and add 5 mg
Fe™ ", Centrifuge off Pe(0H),. 4dd more Fe and recentrifuge.

Saturate supernate with HZS' Precipitate Agzs. Vlash Ag,Se

(3) Dissolve ppt in 1 ml conc HNO,. Dil to 10 ml; Neutralize with
6 N NH,OH and add 1-2 ml exccss. 4dd 5 mg Fe . Discard ppt.

(4) Repeat 4ig,S and Fe(OH)3 pptns.
(5) To last AU(NHS) sol. add 5 drops 6 N HCl, acrosol and 2 ml
6 N HNO,. Hedt and filter. TVash three tlmes 5 ml H,0, three
times 5°ml 95% EtOH. Dry 10 min. at 110° and weigh as AgCl.
Remarks:
10 mg Ag" = 13.3 mg 4gCl (MW, 143,34)
This method has been described previously (Phys. Rev. 75 17 (1949)).
Ag+ is adsorbed vory rapidly by glass in carrier frec solution. Dissolve

and treat in quartz or lusteroid till carrier added, otherwisc most of
active ig may be lost.

8/23/49
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48-1
CHEMICAL SEPARATIONS
Elcement scparated: Codmium Proccdure by: Folger, Hicks,
Miller
Target material: v 4 g. Umetal foil Time for scpin: 2-2,5 hr.

Typc of bbdt: 184" all particles

Yield: &/ 70%

Degree of purification: 25103 from 211 F. P. activitics.
Proccdure:

(1) Add 10 mg Cd and Cu as indicator and makc basic with NHS, centri-
fuge. Wash ppt with NH&OH and combinec washings.

(2) Saturate supcrnatant with H,S and contrifuge, wash.

(3) Dissolve precipitate in minimum quantity conc. HC1 and evaporate.
~Dissolve in 10 ml H,0, add § m Fe s Ia » and In sadd NH3
and centrifuge. Add more Fe and centrifuge on top of first.

(4) Pass H,S into supcrnatant ond contrifuge.

(5) Dissolve ppt in 3 ml conec. HNO5 and dilutc to 8 ml. Add Ag+ and C1~
and ccnirifuge. -

(6) MNeutralizo supcrnatant with NH,, 2dd cnough solid KCW to complex Cu
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 HéS.

(8) Add sb*° to supernatant and scavenge with §b,S,.

(9) To supcrnatant add cxcess NH,OH ond saturate with H,S.

(10) Dissolve €dS in a fow drops of HCl, cvaporatc to dryncss. Dissolve
in 9 ml of a solution containing 3 ml 6 N Hic and 6 ml of 6 N NH,/c.
Heat, odd 2 ml 1.5 M (NH, ),HPO,, and digcst hot for 15 min. ~Filfer,
wash with H,0, dry T0 mif.“at I10° C. Weigh as CdNH,PO,.H,0
(21.66 mg pCr 10 mg €4). ' :

7/28/49
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48-2
CHEMICAL SEPARATIONS
Element scparated: Cadmiun | Proccdurc by: Gocckermann
Target matcrial:'{fw 1 g Bi metnl Time for scptn: V2 hrs.
Type of bbdt: 184" all particloes Equipment rcquired: Ccntri;

fugo, tubes, H S tanlk,

Yicld: (A 70% . 7 110° oven

Degree of purification: Decontamination factor ]&104 from fission and
spallation products,

Advantages: Good yicld of purc Cd

Proccduro:

(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 ond make basic
with NH,, contriflige out B1(OJ)

Add 10 ml concontrated HC1 to supcrnatant and cvaporate to drynoss.
Takc up in 20 ml 0.2 N HCl and saturate with H,S. Wash CdS with

Hés water. 2

Dlssolvg Cd8 in 1 ml 6N HC1l, boil out H,S, dilute to 10 ml, add

5 mg Fe'~ and 6N NH,OH droowisc until Fc(OH) preccipitation begins.
Redissolve 1-2 @ron§ HC1, hoat, add 4-5 dron$ 6N CH,COOMH,, combri-
fuge out basic fecrric acctate precipitate.

Add 10-15 drops 6N HCl to supernatant and precipitate CdS.

Dissolve CAS in HCl and cxpel H
w1th NH3

Re~ocidify and precipitate CdS.

2S, add scveral mg In and precipitate

Dissolvc CdS in 2 ml 6N HCl, dilutc to 10 ml, add 10 mg Pd+2, heat,
and saturate with H,8.”

Add 5 mg Sb+5 to supcrnatant and scavenge with szss.

To supcrnatant add ecxcess NH@OH and saturate with st.

Dissolve CdS in a few drops of HCl, cxpel H,S, dilutc to 15 ml,
add 2 ml 3M HCl, boil, add 2 ml 1M (NH,) HP8 s and dlgcst hot
15 min. -Filter, wash with H,0, dry 10°min. & 110°c. Weigh as

CdNH4P0‘oH 0 (21 66 mg per 10 mg cd).
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: 48~3
CHEUIC..L SEPLRATIONS
Element scparatod: Eﬁéﬂiﬂﬁ Procedurc by: R. C. Lilly
Target material: Cd(scparated isotopes) Time for scpfn: 2-3 hours
Type of bbdt: Deutcrons and protons - 60" Equipment required: Beakers,

funncls, Hirsch funncl,
scparatory funnels, pH mcter.

Yicld: ~ 90%

Dogrec of purification: good - at lcast factor 100 from other activitics
prcsent.

Adﬁantagcs: Good separation
Procedure:

(1) Dissolve the Cd target, weighing 10-15 mg, in a fow milliliters
of conc HNO, in a small beakere Then all of the material has
dissolved, c¢vaporatc to dryness to drive off cxcoss HNOS.

(2) Add 3 -~ 4 mg In and 3-4 mg Ag as the nitrato sol'ns and dilute
to ~/ 10 ml with Héo.

(3) 4dd 1 N HC1 dropwise until the JAg is completely ppt'd as 4AgCl.
Coagulate the ppt by heating and filter through a small ;42
Whatman filter paper in a short-stemmed glass funnele. The filtrate
contains the Cd and In fractions. (The AgCl ppt is worked up
separately as described in the proccdurc for .g from Cd targets,
No. 47-3).

(4) ke the filtrate ammoniacal and add another 3-4 mg ig as the
nitrote soltne. Acidify with HNO3 and add o fow drops of 1 N
HC1 to insurc completc ppt'n of igCl. Coagulate the ppt b§~
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 scparatory funnel. ‘

(6) Extract the In by shoking with three portions of 0.02 M 8-hydroxy-
quinoline in CH_Cl, drawing thc organic laycrs off into a second
scparatory funnél aftor cach passe. Discard the fow drops of
mixed sol'n which remain in the s topcock after scparation of
laycrs. (The In is conbained in this organic layer and is worked
up scparately as describod in the procedure for In from Cd
targets, No. 49-1).

(7) £dd 3-4 mg In as the nitrate sol'™n to the H,0 layer romaining in
the first funncl. Repeat the oxtractions a§ outlimed in (6)
above, but this ¥time discard the threce organic layers containing
the scavenger In,

P~18-215
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Remarks s

Sce
ppttn of

Sce

VU1 007035280

48-3 (page 2)

Draw the H,0 layer into a beaker, boil off rcsidual CH,Cl, and
add NH OH %o ppt Cd as the B8-hydroxyquinolate. Filter“through

o 2 Hhatman paper disc held in o Gooch crucible or Hirsch
fumel. Suck the sample on the paper as dry as possible and then
complete the drying under a heat lamp before mounting under tapeo.

Scott (Std. Mcth. Chem. Anal.) for complete information on the
A
"ngl .

Sandell (Colorimetric Determination of Traces of Metals) for further

information on the extraction of In with 8-hydroxyquinolinc.

8/18/49

P-18~235
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48md
CHEMICAL SEPARATIONS
Element scparated: Cadmium , Proqedure by: Lindner
Target material: Sb(V.5 gm metal) Time for sep'tn: ~t 2 hours
Typs of bbat: 184" a & D, ' Equipment required: Lusteroid

tubes, centrifuge, cones,
tank HZS’ SO2

Yield: 50% or greater
Dogrec. 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) 4dd/mg ecdch Te, Sn, In, Cd, Ag, Pd, Ru, Mo, Y carricrs as soluble
salts. Add 2 drops conc HCl. C(entrifuge.
(3) Divide supn into two equal parts.
(4) Eveporate one part to near-dryness. Cool, add 20 ml 3 N HC1.
(5) Boil the supn to expel $0,, 2dd.5 ml H,0.
(6) Saturate hot with HyS until Sb,S, pptn completo.
(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, dissolve in
HCl. Add 2 mg Sn = holdback.

(9) Repeat NaOH pptn, dissolve and make to 15 ml in 2 N HCL.
(10) Add 5mg Sb ', 2 mg Te0,” and saturate with H,S.
(11) Boil supn to expel H,S. Add excess NH,OH. Centrifuge.

(12) To the supn containing the Cd (NH ) ™ complex add 2 mg Im *t,

Centrifuge off the In(OH) ppt.
(13) Saturate sup'n with H,S. Centrifuge CdS ppt.
(14) Dissolve CdS in HCI.

“(15) Dllute an aligquot of solution to 15 ml. ogq 11 ml 3 M 1,01, 1 ml

1.5 ¥ (NH )2 HPO, and weigh the CdNH,PO,.H,0 ppt formed.

8/18/49

P«18-217
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485
CHEMICAL SEPARATIONS
Element separateds Cadmium Procodure by: Newton
Target mterial: Thorium metal (.1-1 gm) Time for sep'n: 2 hrs.
Type of bbdt: 60" ats . Equipment roquired:
Standard, tank HZS

Yicld: n 50%
Degree of purification; ~ 105 from fission products

Proccdure: The metal dissolved in conc HCl + a few drops .2 M solution
(NH,),SiF, to clear up black residus. The HCl is diluted to 2 N and
an &liquot taken. -

(1) Add 10 mg cedmium carrier. Dilute to 0.2 N HCl, pess in H,S,
ppt CdS. Vash with HZS water.

(2) Dissolwve CdS,in 1 ml 6 N HCl. Bo}_% out H,S. Diluto to 10 ml.
Add 5 mg Fo'°, 5 mg 1a"5, 6 mg In" , add fH,0H. Precipitate
Fe (0H),. Centrifuge. Add more Fe ~ and scavenge again, centri-
fuging“down on top of first.

(3) Pass H,8 into supernate, ppt CdS.

(4) Dissolfre'CdS in 1 ml 6 _ILI_HCI, boil, dilute to 10 ml, hcat, add Ag+,
ppt AgCl, digest a fow min., centrifuge.

(5) Add NH,OH until elkeline,pass in H,S, ppt CdS.

(6) Dissolve Cd in 2 ml 6 N HC1, Dil to 10 ml. Add 10 mg Pa*? heat
and saturate with HZS’ ppt PAS. Repeat sulfide scavenging with
5 mg Sb.

(7) To supernote 0dd 2 ml 6 N NH,OH saturate st'. Ppt CdS.

(8) Dissolve CdS in a few drops HCl. Boil to expel H,8. Dilute
to 15 ml. Add 1.5 ml 3 M NH,C1, boil, add 1.5 ml"1.5 M (NE,),
HPO, and digesg hot 15 minutds. Filter. Wash with D, arf
10 min. at 110" . Yeigh as Cd(NHé)POszO.

Remarks:

10 mg Cd = 21.63 mg CANH, PO, sH,0 (M.T, = 243.45)

This method has been doscribed previously (Phys. Rev. 75 17 (1949)).

8/23/49

P-18~284
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49-1
CHEMICAL SEPARATIONS

Element separated: Indium Procedure by: R. C. Lilly
Target material: Cd (separated isotopes ) Tims 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

Degree of purification: good - at least factor of 100 from other activities
present.

Advantages: Good separation

4

Procedure:

(1) Dissolve the Cd target, weighing 10-15 mg, in a few milliliters
of conc HNO_, in a small beaker. Vhen all of the material has
dissolved, evaporate to dryness to drive off excess HNO5

(2) Add 3-4 mg In and 3-4 mg Ag as the nitrate sol'ns and dilute
to ~s 10 ml with HZO'

(3) Add 1 N HCl dropwise until the Ag is completely ppt'd as AzCl.
Coagulate the ppt by heating and filter through a small :42 _
Whatman 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 btargets,
No. 47-3).

(4) Meke the filtrate ammoniacal and add another 3-4 mg Ag as the
nitrate sol'n. Acidify with HNO, and add a few drops of 1 N
BCl to insure complete ppt'n of ﬁgCl. Coagulate the ppt by

Ui

heating, filter on ;%42 paper, and discard.

(5) Adjust the pH of the filtrate to 3.5 with NH4OH and transfer
to a 50 ml separatory funnel.

-(6) Extract the In by shaking with three portions of 0.02 i 8-hydroxy-
guinoline in CH,Cl, drawing the organic layers off into a second
separatory fumnel after each pass. Discard the few drops of
mixed soltn which remain in the stopcock after separation of
layers. (The In is contained in this organic layer. ) . .-

The Cd remains in the H,0 layer and is worked up separately as
described in the prooedure for Cd from Cd targets, No. 48-3.°

(7) Treat the organic layefs in the second funnel with an equal
volume of pH 3.5 HC1 sol'n to remove traces of Cd.

(8) Draw off the organic layer into a beaker, add dilute HCl and boil
off the CH,Cl. Add NH,Q0H to ppt In as the 8-hydroxyquinolate
and filter ghrough a %%% Whatman paper disc held in a Gooch
crucible ar Hirsch funnel. Suck the sample on the paper as dry

P=18-214
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49-1 (page 2)

as possible and then dry the disc carefully under a lamp and mount
under tape.

Remarks:

See Scott (Std. Meth. Chem. Anal.)} for complete information on the
ppt'n of AgCl.

See Sandell (Colorimetric Determination of Traces of Metals) for
further information orn the extraction of In with 8-hydroxyquinoline.

8/18/49

P=-18-213
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49-2
CHEDLICAL SEPARATIONS
Element separated: Indium Procedure by: R. C. Lilly
Target material: Cdv(separated isotopes ) Time for sep'n: 10 minutes
Type of bbdt: Deuterons and protons - 60" Bquipment 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 funnel & 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. HNO_, in a 20 ml beaker. Add 2 mg Ag
and 2 mg In as the nitrate sSl'ns. The total volume at this
point should be ~ 5 ml.

Add a few drops of methyl orange and neutralize with NH, OH until
the sol'n is slightly basic (yellow). Coagulate the pp%t 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% NH, NO, sol'n. .

Place the crucible containing the ppt on a rubber filter ring in

a glass funnel and arrange a test tube in the filter flask in

such a way that the tip of the funnel drips into the tube. Dissolve
the ppt in HNO3 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 ppttn as in (2) and filter the In(OH)5 through

a 442 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' When the paper disc
is dry, mount on a card under ‘tape.

In practice a segment consisting of ~10% of the total was usually cut
from the dried paper disc and mounted separately for use in counting the short
half lives; the remainder, which was too active to count originally was then
used to follow the longer half lives.

8/18/49
P-18-241
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49-3
CHEMICAL SEPARATIONS
Element separated: Indium Procedure by: Lindner
Target metorial: Antimony (~4 .5 gm metal) Time for sep'n: 1-2 hours
Type of bbdt: 184" a & D, Equipment required: Lusteroid
“ tube, centrifuge, cones,
Yield: 50% or greater : tank NZS’ 80,

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

(2)

(3)
(4)
(5)
(6)
(7)
(8)

(9)
(10)
(11)
(12)

bath. A4dd conc HNO3 dropwise until dissolved (10 min.) Dilute
’t_:O ~J 20 mlo v .

20
Add/mg cach Te, Sn, In, Cd, Ag, Pd, Ru, Mo, Y carriers as soluble
salts. Add 2 drops conc HCl. Centrifuge.
Divide supn‘.r into two equal parts.

Evaporate one part to near-dryness. Cool, add 20 ml 3 N HC1.,

Boil the supn to expel SOZ’ add 5 ml H,O0.

Saturate hot with H

2

S until SbZS pptn complete.

2 3

Evaporate the supn to near dryness. Take up in 156 ml 1 N NaOH.

Wash the Cd and In hydroxide with very dilute NaOH, dissolve in

4

HCl. Add 2 mg Sn' - holdback.

Repeat NaOH pptn, dissolve and meke to 15 ml in 2 N HCl.

Add 5 mg Sb*FT, 2 mg Teos= and saturate with H,S.

Boil supn to cxpel HZS' Add excess NH4OH. Centrifuge.

Dissolve the In(OH), ppt in HCl. Add 2 mg cd**. Repeat NH,, OH
treatment.

(13) Dissolve the In(OH), ppt in HCl and plate an aliquot .
3 .

8/18/49
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49-4
CHEMIZAL SEPARATIONS
Element separated: Indium Procedure by: Wilkinson
Target material: Uranium (~J 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 Y HC1 and saturate with H,§. Discard

ppt.
(3) Repeat steps 1 & 2 twice.

(4) Add NH,Ac plus acetic acid, ppt In & Cd sulfides.

cold
(5) Dissolve ppt in/l1 N HCl and repeat steps l-4 three times or
until the acid sulfide fraction is inactive,

(6) Dissolve the In & Cd sulfides from last sulfide pptn in cold
1 N HCl (only Cd & In sulfides soluble in cold 1 N HC1, Sn &
Sb soluble in hot 1 N HC1).

(7) Add R. E., Ba & Sr carriers, make slightly alkaline with NH,, OH.
Then add HCL until faintly acid.

(8) Add excess NaAc and boil. Centrifuge off the basic indium
acetate. (Cd remains in solution)

(9) Dissolve the ppt in dilute HCl. Add 5 mg Cd carrier and repeat
steps 7 and 8. .

8/24/49
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50-1
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:s 90-95%

Degree of purification: Atleast factor of 100 from metels present in
macero amount .

Advantages: High recovery yield.
Procedure:

(1) Combine wa?f3s, orush and dissolve residues in HCl(l), HNO,, or
agqua regia » using alkall fusions (Nazcos or NaOH) where necessary.

(2) Neutralize with NH OH or MaOH, make .25-1.0 N acid with HC1l, 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° C with stirring.
Add A, 15 ml Eo% 0.6 N NaQOH, centrifuge, decant., W%Wash with
2nd portion of Nn_S_. Combine filtrates. Acidify stowly with
HC1 to neutral 1i%mls, then mike .25-1 N acid. Saturate with
Hés. Centrifuge, deoant.

(4) Add co?g) HC1, warm with stirring to dissolve sulfides and coagulte
sulfur‘®’. Centrifuge, decant. Wash sulfur with hot 6 N HCl.
Combine solutions, which ncw contain Sn, Sb {and As if dny originally
present) and only small cmounts of Cu group metals.

(5) Do the %in antimony separation as outlined in ?272. : procedure«
(selective sulfide ppt or~s Fe reduction, etec.)

Remarks:

(1) Avoid boiling conc. chloride solutions of Sn, since SnCl4 is
somewhat volatile.

(2) No,S_ is used instead of (VH )gs because it affords a better
seﬁa?ation from Cu, o major Soritiminant. (Ref. A System of
Chemical #nalysis, B. H. Swift, Prentice-Hall, Inc., New York, 1940
pe 216.) Specifications for Na SY soln: dissolve 480 g Na SoQHEO
+ 40 g, NaOH in minimum amt of Water, dissolve 16 g powdered
sulfur in this soln, dilute to 1 liter.

(3) L large quantity of sulfur is present in the ppt. However, it
congulates very well on heating in acid solution, while adsorbing
very little of the sulfide, allowing satisfactory cxtraction.

(4) Traces of Cu are dissolved by Nazs solution. This, howcver,
follows the Sb in the subsequent s5-5n separations. (Selective

sulfide pptn or Fe reduction). _ .
8/11/49 P-18-.86
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50-2
CHEMICAL SEPARATIONS
Element separated: Tin Procedure by: Newton
& liDonell
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\zlo6

Advantages: Simpler than oxalate or distillation procedures

Procedure:

(1) Dissolve target in HCl,heating<l) and adding dronﬁrz'or few drops
of HNO, where necessary to effect rapid solution‘ ‘.~ Add 10 mg
S%, In carriers.

(2) Mke 3-4 N HCl. Add iron powder to excess (hydrogen evolution),
heat with stirring,ppt Sb and Cu metal (black),filter by vacuum
through sintered glass filbtering crucible.

(3) To filtrate add drop of Br, (Fe™ ey P, Sn*t oy sptTH

Neutralize with NH OH to appearance of red Fe(OH)S, add just

enough HCl to redissolve Fegg§)5 (acidity ¢1 N), pass in HyS to

saturation, ppt yellow SnS2 .

(4) Dissolve SnS_ in HC1 (3 cc of 12 N) by heating(l), stirring. Add
10 mg Sb cartier, stirring. Dilufe to 2.5 § acid (~ 14 cc), hoat
in boiling water bath, pass in HZS to saturation, ppt orange szss.
Centrifuge hot (SnS, may ppt in dold), decant. Dilute to 1.5 K
(~ 25 cc), pass in H,S, ppt SnS, (yellow). Repeat step 3 once
or twice,

(5) Dissolve SnS, in 1 cc 12 N HCl. Add Fe''~ carrier( 30 mg). Dilute
slightly, ada 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 ton~v 1 N HCl. Pass in HZS’ ppt SnS_,. Centrifuge, decant.
Dissolve ppt in minimum conc HNO_,, add 3-5 ¢¢ fuming HNO,, o knife
point of NH4N0 « Boil several minutes to ppt white meta=stannic
acid. Evapora%e aliguots of the slurried soln on watchglass and
mount for counting. To determine chemical yield dilute after
ppting HZSnO s add filter popsr pulp, filter through ashless
paper, recyc %§§ filtrate till clear, dry, and ignite to Snoz.

Weigh as SnO2

P-18-165



Remarks:

(1)
(2)

(3)

(4)
(5)

(6)

8/12/49
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50-2 (page 2)

Avoid boiling concentrated Cl- solns of Sn; SnCl
volatile., (Also SbCl,, SnClg, etc.)

4 appreciably

A black residue replates out on the dissolving Sn, sometimes
necessitating a mechanical agitation of the Sn surface,

InS3 ppts propérly only at <'O5.ﬂ HCl, however, it is partially
co-precipitated at higher ccidities with other sulfides of the
Sn and Cu groups.

In(OH)g is peptized by fixed alkali hydroxides but reppts on
boiling. It is wery slightly 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

inté HCl soln after fusion with Na2003 (anhyd.) in Pt crucible.
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50-3
CHEMICAL STPARATIONS
Blement separated: Tin Procedure by: Lindner
Target material: Sb (~ +5 gm metal) Time for sep'™n: ~ 1 hr.
Type of bbdt: 184" a and D Equipment required: Lusteroid

2 tubes, centrifuge, cones,

tank SOZ’ HZO

*

Yield: 50% or greater

Degrce of
Procedure:

(1)

purification: At least factor of 100.

To the target add 15 drops 27 N HF in lusteroid tubec in hot water
bath. Add cone HNO3 dropwise until dis§olvad (10 min.) Dilute

to ~ 20 ml.

(2)

(3)
(4)
(5)
(6)
(7)
(8)

(9)
(10)

(11)
(12)
(13)
(14)

(15)

8/18/49
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20
Add/mg each Te, Sn, In, Cd, Ag, Pd, Ru, lo, Y carriers as soluble
salts. Add 2 drops cono HCl. Coentrifuge.

Divide supn  into two equal parts.

Evﬁﬁorate one part to néar-dryness. Cool, add 20 ml 3 N HC1.
Boil the supn to expel SOZ’ add 5 ml HZO'

Saturate hot with HZS until SbZSS pptn complete.

Evaporate the supn to near dryness. Take up in 15 ml 1 N NaOH.

=

= and 2 mg ca*t to the supn containing SnOS + Centrifuge.

Add 2 mg In'

Neutralize the supn dropwise with conc. HZSO » make 0.3 N in
HCl, saturate with H,S. '

2
Dissolve the SnS, in 2 ml conc HCl, boil to expel H_,S and
dilute to 12 ml.? Reject any undissolved material (§b).
Add 2 mg Sb™* carrier to the Sn+4 solution and saturato with Hés;
Boil to cxpel HBS’ make 0.3 N in HCl. Re-saturate with HZS'

Dissolve SnS2 in minimum HCIL.

Bvaporate an aliquot to dryness., Tske up in 10 ml 16 E.HNOS, boil
to near-dryness, repeat several times. Filter.

Transfer the Sn0O

+XH,0 ppt to a crucible. Ignite 1 hr to Snoz and
woigh.

2

-
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50-4
CHEMICAL SEPARAT IONS
Element separated: Tin Procedure by: Newton
Target material: Thorium metal (.1-1 gm) Time for sep'™m: 1 1/2 hrs.
Type of bbdt: 60" a's Equipment required: Standard,
tank H,S

Yield: ~v 55%

Degree of purification: 105 o 10°

: (IH, ),SiF,
Procedure: The Th metal is dissolved in conc HCl + a few drops .2 M solutiéh/’
to clear up black residue. The ICl is diluted to 2 N and an aliquot

taken. -

(1) To sample add 20 g sn** carrier in 2 ¥ 1. Dilute solubion
to 10 ml and 1 N 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. Mbﬁe solution 2—2.5‘§ HC1l, heat and pass in HZS’ Kcep
hot (if cooled SnS2 ppts). Centrifuge off §b,8,,.

(3) Add 1 ml N NH OH to supernate from 2. Heat and pass in H,S
o = 4 2 s
ppt Snuz.

(4) Dissolve SnS, in conc HCl, dilute, boil out H,S. Add 5 mg each
Ru, 2r, Cb, Cd and Fe. Add 6 N NaOH until quite basic, ppt hydre
oxides. Add more Fe and centrifuge down on top of first hydroxide

ppt.
(5) Make supernate acid, pass in H,S. Ppt SnS,.
(6) Repeat Sb scavenging in (2) and (3).

(7) Dissolve SnS, in conc HNO,. Add three drops (~ 2 mg) Ru carrier,
1 gm NH,NO, Zs01id) boil ontil Sno, ppts.

(8) Filter with aid of filter paper pulp and ignite to 5n0, in a
porcelain crucible. Weigh and mount as Sn02.

Remarks: This method has been described previously (Phys. Rev. 75, 17 (1949)).
To standerdize Sn carrier: To 5 ml (50 mg) SnCl, solution add excess

NH, OH. Cenbtrifure and wash ppt once with H,0. Re-cenitrifuge. Dissolve
pp% in HNOS, boil to ppt HZSnOS. Filter and ignite to Snoz.

8/23/49
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51-1
CHEMIC..L SER.RATIONS
Element scparated: /fntimony Procedure by: lGocokormann
Target material: Y 1 g Bi metal Time for scp'n: ¢/% 1-3 hrs.
Typoe of bbdt: 184" all particles Equipment requircd: Centrifuge,

tubes, HCl tank, clcctrolysis
sctup, HZS tonlk, soz tonk

Yicld: Variable, low for procedures 1 & 2.
Degree of purification: Unsatisfactory for bismuth bbdib.

advantages: Procedurcs 2 & 3 will probably work for other bbdts. DNo. 2
is fast and may be good with 1-2 mg carricr.

Procedurc: Target dissolved in 6N HNOS.,
No satisfactory proccdurc was found but tho following three wore triocd.

(1) Prccipitations of Sb,0. with fuming HNO,, distillations of SbCl,
from H,80, in an HCl strcam, prceipitations of Sb,S, from hot Qﬁ_HCl;
scpara%ioﬁs of ASCIS by distillation, and Aszs5 prccipitation.

(2) Precipitations of 8b,0., clectrolysis of SbH, from 6N H,SO, with
a Pb cathode, rcaction of SbH3 with JAgNO 'soiution.ﬁg-préglpitato
Sbig,s rcaction of Ag,Sb with“HCl to precipitate .Ag and AgCl to
give "SbCl,, scavenging with Aszsz, prcecipitations of szs6 from
hot 3N HCI.

(3) Prccipitations of Sb205 and szss; seavenging with As_S,, Nbss, Too,
Fc(OH)3 from KOH solition, and“Bi,B, from K,§ solution.

Remarks: Procedurc 1 is difficult and puritydwas unsatisfactory. Noe. 2
gave poor yiclds with 10 mg carricr - Sb~ deposited on.the Pb cathodce.
No. 3 is slow, should clecan up thc Sb but didnlt. Sb ~ cxtracts well

into isopropyl cther from 6-9N HCl but not sb70,

7/29/49
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512
CHENMIC.LL SEPARATIONS
Eloment separated: Antimony Procedurc by: Newton &
Ve Donoll
Parent material: Tin Time for scp'n: 2 hrs.
Milking procedurc (Sb from low encrgy Equipment required: contri-
psd, or n produced Sn activity fractions) fuge, hot plate, glassware

Yicld: 60-80%

Degrece of
Procedurc:

(1)
(2)
(3)

(4)

Remrkss

(1)

(2)

8/12/49
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purification: 4t least factor of 104 from Su.

To & 3-4 N HC1 soln of the Sn, add 10 mg Sb* carrior(t), 4da
iron powder to excess (hydrogen evolution), heat with stirring,
ppt Sb metal (black). Filter by vocuum through sintered glass
filtering crucible. :

Dissolve Sb in aqua rcgia, dilutc %o 1 N acid, pass in H,S and
ppt Sb,S, + S. Dissolve the sulfide out of the sulfur with conc.
HC1 (wRrming and stirring). Dilute to 3 N HC1 hcating to expel

HéS if SbZSS reppts on dilution. Centrifuge, decant.

Add 10 mg Sn+4 carricr to filtrate. Heat in boiling water bath,
pass in H_S to saturation, ppt orange Sb,S,. Centrifuge hot,deccant.
Dissolve §b,8, in conc. HCl. Dilutec to g.ﬁ HCl. Repoat step (3)
twice more.

Sb,S, mounted after thorough washing with distilled water on small
wa%cgglass or o?zgilter paper by suction filtration, followed by
gontle henting.

Indium may be scavenged out of this milking by adding 10 mg In
carricr to initial Sn solution (stop 1), rcpeating the Fe reduction
if the amount of In notivity present warrents it.

The Sb sulfide should not be rclied upon for accurate yicld deter-
minotion.
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CHEMICLL SEPARATIONS
Element separated: Antimony Procedure by: Lindner
Target material: Antimony (v .5 gm metal) Time for sep'n: 1-2 hours

Equipment requireds:
Lusteroid tubes, centrifuge,
cones, tank SO,, H,S

Type of bbdt: 184" a and D,

22 72
Yield: ~s 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 HNO3 dropwise until dissolved (10 min). Dilute
to ~« 20 ml.
20 .
(2) 4Add/mg each Te, Sn, In, Cd, Ag, Pd, Ru, lb, Y carriers as soluble
salts. Add 2 drops conc HCl. Centrifuge.

(3) Divide supn:. . into two equal parts.

(4) Evaporate one part to near-dryness. Cool, add 20 ml 3 N HCl.
Saturate with SO2 gas 10 minutes. Te ppts.

(5) Boil the supn to expel SOz,vadd 5 ml H,0.

2

(7) Wash ppt with 2 N HCl sat'd with H,S. Dissolve in 5 ml conc HCl.
Evap to dryness with air stream in hot water bath, add 30 ml 2 N
HCl, 2 mg each of Sn, In & Cd carriers.

(6 Saturate hot with H,S until Sb,S, pptn complete.

(8) Saturate hot with H,S and repeat cycle.
(9) Dissolve the SbZSS ppt in 2 ml conc. HCl.

(10) .Weigh aliquot of sample as SbZSS;

8/18 /49
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91-4
CHEMICAL SEPARATIONS

Element separated: /Antimony Procedure by: HNewton
Target material: Th _ Time for sep'n: Several hrs.

. 1-2 hrs. attention
Type of bbdt: a fission, 60" Equipment required: electro-

lysis cell

Yield: 0 - 25%

Degree of

Procedure:

solution of (NH )

purification: 10% as claimed by Wilkinson

The Th metal is dissolved in conc. HCl + a few drops of .2 M
SiF, to clear up the black residve. The HCI is —

diluted to 2 N ﬂné an aliquot taken.

(1)
(2)
(3)
(4)
(5)

(6)
(7)
(8)

Remarks:

(1)

(2)

(3)

Add 10 mg Sb carrier.

ke 2 N in HCl, pass in HZS,ppt szss.

Yash szsso |
Dissolve in conc. HéSO4 + few drops HNOS,fume.

Dilute, make ~ 4 N H,50,. Ilectrolyze to lead cathode from Pt anode.
Collect SbH3 in AgNOS. Ppt SbAgS.

Centrifuge and wash AgSSb.
Treat ppt with 1 N HCl to dissolve Sb, residue Ag + AgCl. Centrifuge.

From Sb sol,in 1 N HC1 ppt szss. Wash three times with 5 ml H,0,
three times with 5 ml EtOH, dfy at 110° and weigh.

The less Sb carrier used the better. Add no holdback carriers as
these interfere with the operation of the lead cathode,

Electrblysis is very sensitive to condition of lead cathode. SbH,
evolution can be followed by amount of SbAg3 ppt in AgNO3 solution.

If SbH, evolution ceases, more can be brought over if leads are
reverséd for a 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 Br, to the +5 state and then
reduce it to the +3 state with hydrazine before precipitating the
sulfide.

This procedure has been described previously (Fhys. Rev. 75, 17 (10949)).

8/11/49
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52-1
CHEMICAL SE#?RATIONS
Element soparated: To (w100 c/m) Procedure by: Marqucz
Target material: I (U°108 c/m) | Time for sep'n: 3-=4 hrs.
Type of bbdt: Milking experiment ’ Equipment required:

Centrifuge tubes.
Yield: ‘JNSQ%

Degrce of purification: 4 extns give a sample with “* 300 c/h Te & approx.
100 ¢/m 1I. ‘

Procecdure:

(1) Add to the I sol'n, 10 mg Te carrier as Na 7¢0,, acidify with
H‘ZSO4 until brown color of T and add N’O2 %o oxidize to Iz.

(2) Extract the I, with cqual volumo CC14.

2

(3) Add scveral times more I and cxtract the I, with cc1,.

2
(4) Ppt Te by bubbling in S0, gas.

(5) Repcat the cycle by dissolving Te in conc. HNO,, adding I, ctce
(8) Centrifuge the Te ppt ond filter.

(7) Plate and count as Te.

Romorks:

The Te ppts secm to carry cach time a littlo bit of I activity. It
rcquires scveral cycles to get it pure.

7/217 /49
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52-2
CHEMIC..L, SEP.,ARLTIONS .
Element soparated: *91%23&32 . Proccdurc by: Gocckermann
Target mateorial: g\ 1 g Bi mebal Time for scp'niunl hr.
Typc of bbdt: 184" all particles Equipment rcquircd: Ccntrlfugo,
' tubes, ice, SO tank, 110°

oven
Yiocld: ¥\ 60%

Degrece of purification: Docontamination factor}hlo4 from fission and spal-
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, boil ncarly to dryness a few times., Tako up
rcsiduc in 10 ml concentrated HCl, add Sc, preecipitate Sc® with

SO in an icc bath.

(2) Dilute to 3N HCl heat, and procipitate Tc® with SO
with acrosole. Wash with HC1.

X cvntrlfugo

(3) Dissolve To® in a fow drops ENO,, cvaporate cxcess acid, diluto
to 10 ml, add 6N NaCH dropwisc until H2TOO3 precipitate forms
and then redissolwves, 10 drops cxcess. Scdvenge with 1~2 mg Fc(OH)S.

(4) Makc supernatant 3N in HC1 and precipitate 7°.
(5) Repeat S¢°, T, and Fc(OH)3 precipitations scveral times.

(6) Filter last Tc® procipitate, wash three times with 5 ml H,0, threc
times with 5 ml C.H OHB three times with 5 ml cther, dry IO min.

at 110°C., Weiph &soTcC.

Remarks: The ovap. with HBr volatilizes SeBr, 2 Rh carriecs VN 25% on e

but the Fo(0II), pptn removes it. If NH, is used in place of the NaOH,
considecrable 16ss of Te in the Fc(OH)3 Scavenge moy result.

7/29/49

P-18-101
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52-3
CHEMICAL SEPARATIONS
Elemept separated: Tellurium Procedure by: Lindner
Target material: Sb (~s«5 gm metal) Time for sep'n: s 1 hour
Type of bbdt: 184" D. & a Equipment required:

Yield:

2 Lusteroid tube, centrifuge,

cones ,tank 80,

90%

Degree of purification: At least factor of 100

Procedure:

(1)

(2)

(8)
(4)

(5)
(6)

(7)
(8)

8/1_8/49
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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
to m 20 ml,

20 ,
Add/mg cach Te, Sn, In, Cd, Lg, 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 HCl. Sat-
urate with 802 gas 10 minutes. Te ppts.

Wash the ppt with water and dissolve in one drop conc. HNOS.

Add 15 ml 3 N HC1l, 1 mg each, Sb, Sn, In, Cd holdback. Saturate
with SO2 gas, :

Repeat steps 5 & 6.

Wash the ppt and weigh as Te.
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52-4
CHEMICAL SEPARATIONS
Element separated: Tellurium Procedure by: Newton
Target material:s Thorium metal (.1-1 gm) T}me for sep'™a: ry 1 hour
Type of bbdt: 60" ats Equipment required: tank SO,

Yield: v 80% |
Degree of purification: v 108

3

Procedure: The Th metal is dissolved in conc HCl + a few drops of .2 N
solution (NH ) SlF to clear up black residue. The HC1 is diluted ta

6 N and an afiduot taken.

(1) To sample add 10 mg Te and dilute to 3 N HCl. Heat and ppt o
with SOz o

()" Dissolve Te in 6 N HNO,. Add 10 ml conc HCl. Lvap to rid of
Repeat evapcration. Dilute %o 3 N HC1 and ppt Te again

2’

(3) Dissolve Te in 6 N HNO,. Evaporate and dilute to 10 ml. Add 6 N
NH4OH dropwise un%il H Te0, ppt dissg}xes. Then add 10 drops
excess. Scavenge tW1ce with 5 mg Fe '« Make 3 N in HCl and
ppt Te with SO » Ropeat Te pptn (step 2).

w1tg S0

"(4) Filter final Te ppt. Wash three times with 5 ml H,O, three Jbimes
with 5 ml EtQH and three times with 5 ml Et 0. at 110° and
weigh as Te.

" Remarks: This method has been described previously (Phys. Rev. 75, 17 (1949).
10 mg Te = 10 mg Te®
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 erlenmeyer and heat until Te ceases to 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, Add 10 ml more HCl and re-
evaporate to expel HNO,. Take up solution in 1 liter of 3 M HCIl. !
Filter if not clear. - -

Standardization: Take 5 ml carrier in 125 ml erlemnmeyer. Add 40 ml

5 1 HCl. Heat nearly to boiling. Saturate with SO, until Te is well
coagulated. Boil gently for 1 minute. Filter onto & sintered glass
crucible, wash three times with hof H,0, three times with 95% EtOH,
three times with Etzo. Dry at 110  for 10 minutes. Weigho

8/19/49
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CHEMICAL SEPARATIONS
Element scparated: ;_(quo“s barns cross Proccdure by: Marquez
section)
Target material: Sn(ws 1 gm) Time for sep™: 50 min,
Type of bbdt: 184" a & p Equipment requirecd:
100 cc distillation flask

Yield: 70-80% : separatory funnecls
: centrifuge tubes

Degree of purification: Less than 1% impurity in finel I sample.

Advantages: Fast. DMkes possible scp'n of a very small amount of pure I
from large amounts of other activities.

Procedurc:
(1) Add 10 mg I ocarricr and target foil to distillation flask.
(2) Add v~ 15 ml conc. H,SO

H
Dissolve Sn 274
3)/ nad dictill simultancously, collecting I, in 0.5-1N NaOH soln.
: Y 2 Ll

(HZSO4 should be cold) to dissolve the Sn.

(4) Acidify with HZSO until iodinc turns brown and oxidize with HNOZ,
NaNO, in acid so%'n). Extract with cqual volume CC1,.
2 4

(5) Wash I into MaOH sol'n.

(6) Repeat NaOH-CCl, cycles as many times as wished. (Threo .cycles
gave purity lisfed above.)

(7) foidify last NaOH sol'n with H,SO, and reduce with SO, gas. Blow
air through soln to expel most of sog. Add xs Ag+ and a. fow
drops of conc. HNOS. ‘

(8) Heat in watcr bath and filter.
(9) Plate and count as AgI.
Romarks:
Most of the loss in this procedﬁre comes in the distillation process.

Ice cold H,S0, uscd in (2) to allow asscmbly of distillation apparatus
before solution of target starts,

30, sol'ns can bo used to collecet the I, from tho distillation. The
so%'n is then oxidized with HNO, and thc I, extracted went cequal

volume of CCl,. The I, washod 6ut of the organic layer into SO, sol'n
and the cycle repeated. This SO, procedurc is troublesome in thé )
exporiment above because the solzn develops a gas pressure during the
extractions.

7/2%/49
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CHEMICAL SEPARATIONS
Element separated: JTodine Procedure by: Marque,
Target material: Sh {~ 500 mg) Time for sep'n: ~ 40 min.
Type of bbdt: 60" a particles Equipment required:

100 distillation flasks
sep funnels & cent tubes

Yield: 80% or higher

Degree of purification: At least a factor of lO4 from other activities
present.

Advanbtages: Fast and good separation.

Procedure:

(1) Aad target, 10 mg 1~ carrier, 10-15 ml of saturated tartaric
acid and 10-15 ml of ice cold HNO5 to distillation apparatus.

(2) Distil and collect I, in 0.5-1 N NaOH.

(3) Acldlfy with H SO, until iodine turns brown and oxidize with HNOZ,
(NaNO2 in acid so%'n) Extract with equal volume CCl4
(4) Wash I™ into NaOH sol'n.

(5) Repeat NﬁOH-CCl# cycles as many times as wished. (Three cycles
gave purity listed above.)

(6) Acidify last NaOH sol'n with H,SO, and reduce with SO, gas. Blow
air through scln to expel most of SOZ' Add xs Ag+ anﬁ a few
drops of conc. HNOB.

(7) Heat in water bath and filter.

(8) Plate and count as Agl.

Remarks:

Most of the loss in this procedure comes in the distillation process.

Ico cold HNO, used in (1) to allow assembly of distillation apparatus
before solution 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 radioactive purity of the sample, '
however, will not be as high as above,

sol'n can be used to collect the I, from the distillation. The
soi’n is then oxidized with HNO, and tﬁe I extracted with equal volume
of CCl,. The I, washed out of %he organlc layer into SO2 sol'n and the
cycle wrepeated. (Sce 53=1): : '
8/%/49 . P~18~135
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53-3
CHEMIC.LL SEPARATIONS
Element scparated: JTodino Proccdurc by: Gocckermann
Target material: ¥l g Bi motal Time for scp'n: N2 hrs.
Type of bbdf: 184" all particles o Equipment rcquircd: Distillo-

tion flask, ccngrifugo,
tubes, ice, 1107 oven.

Yicld: approx. 40%

Degreec of purification: Dccontamination factor.>104 from fission aond
spallation products. :

Advantagos: Fair yicld of purc I with little if any non=-cxchange trouble.
Proccdurc:

(1) Placc target in glass still, add 10 mg I and 10 ml 6N HNO,, warm to
dissolvee When cntircely dissolved, distill over the Té and o
fow ml HNO5 into Hzo in an icc bath.

(2) Reduce I, with a minimum of NaHSO, in thc cold, adjust, to 0.5N
HNO,, , ada a few drops 0.1M NaNO,, and cxtract I, into an cqual
volume of 0014. Extract aqucou§ with sccond poftion 0014. Wash
C014 with dilute HNOs.

(3) Shake CCl/1 with 10 ml HéO, adding NaHSO3 until both phascs colorlcss.
Wash aquedus with CCl,.

(4) Rcpeat oxtraction cycle several times.

(5) Iakc last aqueoous I solution 0.5N in HNO,, heat to boiling, add
2 ml 0.1N AgNO,, digest, filtor, wash thrée times with H_O, three
tincs with 5 mi C,H_OH, throc times with 5 ml cther, dry2l0 min.
at 110° ¢. Weigh“a8 4gI (18.50 mg per 10 mg I).

Remarks: Active iodine formed as pcriodato may not exchonge with the carrier
by this method, althouzh the I yiclds werce not abnormlly low. Reduciag
concdition probably prcvail during dissolution of the target.

7/29/49
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53-4
OHPMICAL SEPARMTIONS
Element separated: Iodine ' Procedure by: Newton
Target material: Thorium metal (.1-1 gm) Time for sep!n: 1 hr.
Type of bbdt: 60" ats Equipment required: Standard

Yield: 90%
Degree of purification: 106

Procedure: The Th metal is dissolved in conc HCl + & few drops «2 M sol'n
(NH, ),8iF, to clear up black residue. The HCL is diluted to 2" N and

an gléquog taken.

(1) Add sample to 10 ml 2 M Na,CO (]&g) Add 20 mg I  in 60 ml sep
funnelse. Add 2 ml 2.5% ﬁ&Oél (3I§ea'b13.' Acidify with 3 ml

conc HNO,, add 3 ml 1 M NHZOH.HCl Extract with 10 ml 0014.

5’
(2) Shake with 10 ml H, 0 containing a few drops N'aHSO3 until both
phases colorless.

(3) To water add 1 ml 6 N ENO Extract

and a few drops of 1 M NaNO
into CC14. o

3 2°

(4) Repeat (2).

(6) 4Add 1 ml 6 N HNO,. Heat to boiling. Add 2 ml O.1 ) AgNOs; Stir
and digest, Fil%er on tared filter paper. Vash three times
with 5 ml HEO, three t(i)mes- with 5 ml EtOH and three times with
5 ml EtZO. Dry at 110" C for 10 min. Weigh as Agl.

Remarks: 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 complete exchange to occur.

\ -
(3) Reduce 10,” to I,.
This method has been described previously (Fhys. Rev. 75 17 (1949)).

Preparation of carrier solution: Dissolve 13 gms KI in water
containing a trace of NaHC.OS. Dilute to one liter,

Standardization:; Take 5 ml carrier solution in beaker. Add 50 ml
H,0 and 1 ml 6 N HNO,. Heat nearly to boiling and add 5 ml O.1 N HgNO
with stirring. Dige§t 1 minute., Filter into a sintered glass cruciblé,
wash three times with Hzo, three times with 95% EtOH. Dry at llO0 C and
weigh as Agl

8/23/49
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55-1
CHELIICAL SEPARATIQNS
Element separated: Cesium Procedure by: Goeckermann
Target material: v»l 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 20mg Rb & Cs & 5 ml conc.
HC10,. Bvap. %umlng, cool, transfer to cent tube with 15 ml
abso%ute EtOH. Cool in ice bath 10 min., with stlrrlng. 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 adding H,S.

(3) Scav with NH, pptn of la, Ce, Y, Zr, & Cb (2 mg each).
(4) Scav with Sr & Ba carbonates (4 mr)
(5) Acidify with HC1l, repeat (2).
(6) Repeat (3).
(7) Scav with I.a(OH)z.
(8) Scav with Sr & Ba carbonates & Y, 2Zr, & Cb hydroxides.
(9) Acidify with HCl, evap to dryness in a Pt dish, destroy NH,Cl by
adding a few drops HNO5 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 HthCI & 6 ml
EtOH, wash Rb & Cs chloroplatinates with EtOH.
(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 HNOS. add HCl, evap to dryness, bake off ammonium
salts carefully again.

(15) Cs ~ Take up residue in 20 ml 6 N HCl, add 1 ml silicotungstic acid

Po18-65 soln & digest. (Save this supn. for Rb fraction).
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Page 2 (55~1)

Wash twice with 5 ml 6 N HC1 (discard). Dissolve (s silico-
tungstate in dil NaOH, add 20 ml 6 N HCl & discard yellow ppt.
Add 1 ml silicotungstic acid soln, digest, filter, wash w1th
6 N HCL, three tlmes with 5 ml acetone, dry 10 min at 110° ‘C.
Weigh as Cs gSim (37.3 mg per 10 mg Cs) ~- standardize the
Cs carrier solu%lon by the same procedure.

Remarks: Noyes & Bray recommend ppting the Rb away from the Cs with sodium

6-chloro-5-nitrotoluenemetasulfomte, which we now have on hand, & then
ppting the Cs silicotungstate. This may give better Cs-Rb separation.
It may be bettcr to weigh the Cs as Cs PtCl after purification is
complete. It has been alleged that 2B11 '5881 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 HC1O, can be done easily in 40 ml pointed centrifuge cones.

For Rb sep'n from same torget see (37-1).

7/12 /49
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CHEMICAL SEPARAT IONS

Elerment separated: Cosium Proccdure by: R. W. PFink,
D. G. Karraker

Target matcrial: NHQI Time for scp'n: 45 minutes
Type of bbdt: 60 Mev a~varticles for Equipment required:
onc to four hours. ‘ percelain dishes
' pipeties
centrifuge

Yicld: v 40%

*

Degrcce of purification: Excellent, factor of o lO6 from activity prescent’
except alkali motalg, R

Advantages: Good radiopurity anlthourh yiold‘is low due to CsCl volatility
in step (2).

Proccdurc:

(1) Y¥H,I target dissolved in small volume (wv 3 cc) (1:1) HCL, a fow
drops conc. HNO, added, and 20 mg of Cs carricr added. Soln is
boiled in porccfhln dish to cxpecll volatile radioxenons, ctec.

(2) Residuc, after cvap. to dryness, is ignitcd to -disappearance of
IZ and ammonium salts, but not hot enough to volatilize oxcessiwve
Cs.

(3) . The residuc is then taken up in (1:1) HNO,, a drop of (1:1) HCL
added and pptd thrice with a fow drops O. f N AgNO to scavange for
any rcmaining halogen (iodine) impuritics,

(4) To the remaining soln is added a few drops Te carrier and then
cxcoss SnCl,. This ppts Te and any radiotcllurium. (In omitting
the tellurium step, no change was noted, indicating Tec was not
formed.)

(5) The remaining soln is made alkalinc with conc. NH,OH and FeCl,
soln added dropwise to ppt Fo (OT)n twice,

(6) The final soln contains radiocesium in pure form.
Romarks:

(@) Any alkali metal, e.g., Na, X, Rb, will not be separatcd but
will anpear with the final cesium soln,

(b) Step (2) results in 2 loss of over 5055 of the Cs by volatilization,
if the temp. is too high. The minimum temp. consistent with dccom-
posing and cxpelling ammonium salts should be used. If H SO
used in place of HCl, the volatility will be reduced considorably.

7/12/49
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55-3
CEEMICAL SEPARATIONS
Element scparated: Cesium Procedurc by: R. . Fink
Target material: NH4I | Time for sep'n: 30 minutes
Type of bbdt: 60 Mev a-particles for Bquipment required: Iodine
onc to four hours _ Sublimator

Yicld: Y 957

Degree of purification: Factor of at lecast 5 or 10.Good enough for mass
spectrograph work. )

J
Advantapges: Full yield of carrier-frec radiocesium for mass spectrograph work.

Procedure: Special method for carrier~free, high activity samples for the
mass spectrogranh.

(1) NH,I target is placed in a sublimator together with a few drops
0.3 - N H 30, and conc. HNO,. CO_, snow is packed into the cold-
finger, and 4 low vacuum is pulleé. Hcat is then appliocd %o the
NH4I, which decomposes and condenscs on the cold-finger. ‘

(2) The liquid is boiled until colorless, indicating complete volatili-
zation of I, and dccomposition of NH,I. The remaining liquid is
almost pure in cesium, but if desirc% it can be put through further

purification, starting with step (3) of (55-2).

2 Pig, 1 - Iodine Sublimator
a = crushed CO2 snow
b = low wvacuum
¢ = barget NH4I + drop H2804 + drop HNO3
Remarks:

(a) Any alkali metal, c.g.,ja.» K, Rb will appear with the Cs.

(b) For mass spectrograph work, the sol' is uscd as it comes from the
sublimator directly.

7/12/49
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56-4
CHEMICAL SEPARATIONS
Element separated: Cesium Procedure by: Folger & Hicks
Target material: v 4g U metal foil . Time for sep'm: Secveral hrs.

Type of bbdt: 184" all high ener gy particles Equipment required: o Centrifuge,
tubes, ice, 110 ven

Yield: Csy~60%

Degree of purification: Small amt of somc impurity detected by means of Al
abs. Decay curve shows pure Cs for a 3 half-lives.

Advontages: Supposed to give Cs pure of all elements & separate it from
Rb.

Proccdure:
(1) To aliquot of WINC, soln of target, add 20 mg Rb & Cs & 5 ml conc.
HC10 Evap. to %uming, cool, transfer to cent tube with 15 ml
abso%ute EtOH. Cool in ice bath 10 min. with stirring. Yash
ppt twice with 10 ml absolute EtOH.

(2) Dissolve in 0.2 N HC1 & scav with AgCl, then Te, Ru, Sn, Sbv, &
Ag sulfides (2 mg each) by adding H,S.

(3) Scav with NaOH pptn of La, Ce, Y, Fo, Zr, & Cb (2 mg each).
(4) Scav with Sr & Ba carbonates (4 mg)
(8) Acidify with HC1l, rcpeat (2), (3) and (4).

(6) Repeat (3) and (4).

(7} Add HC10, and evap to fuming. Transfer to cent. cone with 15 ml
abs. Ftoﬁ Cool in iece bath 10 min. with stlrrlng. Wash ppt.
with 10 ml abs. BtOH.

(8) Repeat (2), (3) and (4).

(9) Repeat (7).

(10) Cs =~ Take up residue in 10 ml 6 N ICl, add 1 ml silicotungstic
acid soln & digest hot. (Save this supn. for Rb fraction). Chill

and ccntrifuge.

(11) Vash twice with 5 ml 6 N HCl (discard). Dissolve Cs silicotung-
state in dil. NaOH, add 10 ml 6 N HC1 & discard yellow ppt. (0, ).

(12) Repcat (10) with Rb holdback. Wash & dissolve as in (11).

P-18=~96



O 1007208810
55-4 (page 2)

(13) Add 1 ml silicotungstic acid soln, digest, filter, wash with 6 N
EC1l, three tlmcs with 5 ml acctone, dry 10 min at 110° ¢. ‘%1vh
as Cs 817, (37.3 mg per 10 mg Cs) -- standardize the Cs
carrlgr soiu%lon by the same proccdurc.

Remarks:
(1) See (55-1)

(2) The above procedure is for use when Rb is desired from the same
aliquot. If rubidium is not desired, replace step (7) by step
(10) including Rb holdback. Step (8) should bc included, but
step (9) may be omitted.
Steps (10) through (13) should then follow
in regular scqu-nce, with Rb holdback being used in (10).

(3) If it is desired to count o weizhed scmple, Cs should be weighed

as Cs, PtCl, instcad of Cs SiW12042 in order to reduce self-absorp-

tion Counting corrections. In such a case add to the above
proccdurcs '
{(14) Dissolve ppt in minimum amt. 1 N NaOH with warming. Neutralize

kceping volume low. Add 4 cc H,PtCl_ and 4 cc EtOH. Digest
W 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 w. 5 co abs. BtOH, drv in 110° C oven for 5 min.

Weigh as CsthClso

7/28/49
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CHEMICAL SEPARATIONS

Element scparated: Cesium Procedurc by: Nowton

Targot matorial: Thorium metal (W1-1 gm) Time for sep'n: ry 1 hr.
Typo of bbdt: 60" als

Yicld: ~y 80%

Degreoe of purificqation: lO6 cxcept from Rb

Proccdurc:

The Th metel is ‘dissolved in conc HCl + a fow drops of .2 M sol'n
(¥, ).SiF. %o clear up black rcsidue. The HCl is diluted o 2 N

and "an algquot taken.

(1) In 50 ml beaker + sample add 20 mg Cs, 5 ml HC10, and evaporate
to fuming. Cool and transfer to centrifuge tube with 15 ml
absolute EtOH. Cool in ice bath 10 min. and centrifuge. Wash °
ppt two times with 10 ml absolute E+OH.

(2) Dissolve in 10 ml Hzo. Add 5 mg Fe and ppt hot with NHéOH. Repeat.

(3) (Optional) Add drop sat. (NH4) CO, and 5 mg each Ba and Sr.
Ppt Ba and Sr carbonates. Centriftge.

(4) Evaporate supernate to dryness in beaker, flame %o decompose NH,
salts. Dissolve in a few mls hot H ,0s add 4 ml HClOA, evap to
fumes. Reppt as CsClO .

(5) Centrifuge and wash ppt once with absolute EtOH by decantation.
Slurry ppt with EtOH end filter. WVash with Et0H. Dry 10 min.

at 110° ¢. Teirh as 05010, .

Remarks: This method has been previously described (Phys. Rev. 75, 17 (1949).

Preparation of carrier solution: Dissolve 12.7 gms CsCl in 1 liter of
water, ' T -

Standardigation: Take 5 ml carrier, Add 3 ml 70% HC1O,. Evaporate
to dense fumes of HC10,. Cool in an ice bath and add 10 ml absolute EtOH.
Cool and stir occasionally for 15 minutes. Filter onto a sintered glass
crucible. USe 3-5 ml portions of abs EtOH to transfer and wash. Dry 10
minutes at 110° C: Yeigh as CsC10, .

8/19 /49
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56-1

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 " Equipment required: ice bath

Yield: v 100%
Degree of purification: excellent

Advantages: Fast and easy

Procedure:

(1) Take aliquot of HNO, or HCl sol!n 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 Yo bring down silky appearing BaClz-ZHéO.

(2) Centrifuge, dissolve in 0.5 cc H,0, repeat (1).

(3) Centrifuge, dissolwve in 0.5 cc H,0, dilute to 7-8 cc, make to
pH>10 with carbonate free ammonia and scavenge twice with

Fe (OH)S.

(4) ppt. BaCO; by adding 3 drops sat Na,CO,, and digest 5 min. in
hot water bath. :

(56) Dissolve BaCO, in 1 cc 6 N HCl, repeat (1) and (2).

3

(6) .Centrifuge, wash with 5 cc absolute alcohol, then 3 portions
' of 5 ¢¢ 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,0 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 SERARATIONS
Element separated: Barium © Procedure by: ébeckermann
Target material: w1l g Bi metal Time for sep'™: 1-2 hrs.
Type of bbdt: 184" all particles Equipment required: Centri-

fuge, tubes, ice, vacuum
dessicator.

Yield: wv180%

Degree of purification: Decontaminatian factor \th4 from fission & spallation

products. Ba decontaminated v»110~ from Sr.

Advuntages:.Good yield of Ba & Sr, separation from all other elements except

Ra, very good separation of 3r & Ba from each other.

Procedure:

(1)

(2)
(3)

(4)

(5

Remarks:

To aliquot of HNO, soln of target, add 10 mg Sr & Ba, 30 ml fuming
HNOS, digest cold 1-2 min. '

-

Dissolve ppt in 2 ml H,0 & reppt with 15 ml fuming HNOS.

2
Dissolve ppt in 5-10 ml HZO’ add 5 mg Fe+3, & ppt Fe(OH)3 with
tank NH, (COS~ free!l) RepPeat Fe(OH)3 SCOVa

Neutralize supn with 6 N HNO,, add 1 ml G ! HAc & 2 ml 6 i NH,Ac.
Heat to boiling & add 1 ml 1.5 I Na CrO4 dropwise with stirring.
Digest one min. (Save the supn for &y fraction).

Ba - Tiash BaCr0, ppt with 10 ml hot HZO' Dissolve in 1 ml 6 N HCI,
add few mg Sr, & reppt BaCr0,. RedisSolve, add 15 ml other-HC1
reagent (5 parts conc. HCl %6 1 part di-ethyl ether), digest cold

2 min, wash with 5 ml absolute EtOH conteining a few drons of HCl.

Dissolve BaCl, in 1 ml Hzo, make just basic with NH, & scav with .
Fo(0H),(5 mg). Add 15 ml"ether-HCl & reppt BaCl,. ﬁepeat if
necessary. Filter last BaCl2 ppt, wash three times with 5 ml ether,
dry in vacuum dessicator - 2 min. evac. release, 5 min. evac.

Weigh as Ba012'2H20(17.8 mg per 10 mg Ba).

Procedure adapted for use when Sr activity much greater than BEn.

Ra follows the Ba well, can be separated from it by use of a resin column.

For Sy sep'n from same target sce 38-1.

7/12,/49
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56-3
CHEMICAL STPARATIONS
Element separated: Barium Procedure by: R. 7. Fink
Target material: CsCl Time for scp'n: 90 min,
Type'of bbdt: 85 liov Protons for 1 hour Equipment required: Standard

Yicld: Sufficient for mass spectrograph work.

Degree of

purification: Cosium is persisbtent, but may be removed in successive

recyclings. Pure cnough for moss spectrograph work.

Adventages:

Carriecr free Ba for mass spectrograph.

Procedure:

(1)

(2)

(3)

(4)

Remarks:

Target CsCl is dissolved in 2 c¢c 0.1-N HAc, 1 cc NH,Ac sat'd
added, and 10 mg. Pb carrier added. KZCrO4 soln. is then added
until complete pptn. This ppt. is then wnshed with 1% NH,Ac until
free from Cesium. If neccessary, the ppt may be dissolved in

0.1 - N HC1 and repptd. to free it from Cs. ‘

The (¢s~frece PbCr0O, ppt is then dissolved in 1 cc 0.1-N ECI and cxcess
H,S is bubbled in to ppt black PbS and reduce the Cr0, to CrCl
(g%een). ' 4 3

The sol'n. from (2) containing radiobarium, is made alkalinc, after
boiling to cxpell H_S and radioargons, and some Fe(Cl), added %o

) 2 3
help ppt._Cr(OH)g.

The final, colorless soln, has carrior-free barium. It is converted
to the sulfate for mass spee. work.

The cesium, being the target material, is very persistent, and scvercl
pptns. in step (1) may be needed to free the barium of it.

7/12/49
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56-4
CHEMICAL SEPARATIONS

Element separated: Barium Procedure by: Lippmann &
Goeckermann

Target material:s 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 purifiéatign: Good - about 105 from Au and spallation products
and at least 10~ from fission products.

Advantezes: Sr, Ba and Mo can all be scparated 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 (1\705)2 and
Ba(NO; ), precipitate. Centrifuge. '

Dissolve precipitate in 5§ ml H,0, add 5 mg FeIII, warm in hot wator
bath, and Procipitate Fe(on)S with 6 M NH,OH.  Cerb rifugc. If desired
add more Pe and centrifufe out Fe(0H), again. Neutralize super-
natent with a few drops of 6 M HC_H,0,, hdat to boiling, and add 2 -ml
of 1.5 M Na,CrO, dropwise. DTges% gaér% procipitate in hot water

bath and ce%’cri%uge o

Wash BaCrQ, precipitate with 10 ml of hot HZO end centrifuge. Dissolve
BaCr0, inlaml of 6 M HC1 with heating, add 10 mg Sr carrier, 2 ml 6 M
NH402 302, 1 ml 6 MHC H50 » heat to boiling, add 2 ml-1.5 M Na Cr04
dropwise, digest in ho% wa%cr bath, and centrifuge. Dissolwo Ba(:ro4
in 1 ml 6 M HC1 with heating, add 15 ml HCl-ecthor reagent (5 volumes
of 12 M HCT plus 1 volume of ether), cool in ice bath until BaCl
pr&ﬁ}p?cates; and centrifuge. Dissolvo BaCl, in 5 ml H,0, add § mg
Fe ~~, warm, precipitate Feo(OH), with 6 M NH,OH, and contrifugo.
Neutralize supernatent with 6 _ILPIﬂ\TO ,add 2 ml 6 g NH CZHSOZ’ 1l ml

6 M HC,H,O,, heat to boiling, add 2'ml 1.5 M Na CrO4 &ropwise, digest
in hot“wit&r bath, filter, wash three times with 5 #1 H.0 and three
times with 5 ml alcohol, dry 15 minutes at llOOC. ’;f’-feigg as BaCrO4.

Remarks:

All additions of fuming or concentrated HNO, should be made cautiously:
they tond to reamet violently after a short induction period,

8/12/49
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56-5
| © CHEMICAL STPARATIONS
Element separated: Barium Procedure by: Folger
Target material: n) 3 g U metal Time for sep'n: ~y1-1 1/2 hr.
Ty};e of bbdt: 184" high enersy particles Equipment required: Centrifuge,

cones (50 ml-2 ml), ice bath.
Yield: 50-75%

Degree of purification: N 105 from other elements - sufficient for mass
spectrograph or ion exchange column.

Advantages: Gives good yield of Ra-Ba with only ~V75 pg carrier.
Procedure:

(1) Dissolve target in small amount conc. HNO, (heat if ne¢ ssary).
Add 100 pg Ba (as Ba(NOS)Z carrier sol'n)’and 20 mg Sr'~ carrier
(as nitrate).

(2) Add fuming HNO, to make up ~N 25 ml and chill in-‘ice bath for
10 minutes. Céntrifuge out Sr(l\TOS)2 (Carries Ba & Ra).

(3) Dissolve in H,0, transfer to 15 ml conec and buffer with HAc +
NH4A0 (L ml 6 _N HA¢ and 2 ml 6 X NH4Ac or pH 5-6). Add<v 5 mg
Pb and ppt PbCFOA by add'n of 1.5 M'Na,Cr0, to hot sol'n. Wash
with hot HAc & M Ac buffer (1 m1 %o 2°ml &s above) containing
1 drop 1.5 _I_I I\TazCrOé.

(4) Dissolve ppt in hot 2 N HCl, pass in H,S to reduce Cr207= to Cr'
and dil to 0.2 N, ppt PbS, scavenge with few mg CuS.

3

(6) Boil out H,S, make basic with NH, and ppt SrCO

by adding 2 mg Sr
and a few grops 2 M NaZCOSQ

3

(6) Dissolve SrCO, in 1 drop 6 N HCl, boil out CO,, buffer with 1/2
ml 6 N Hic and 1mlé6 N NHAe (pH 5-6). Transfer to 5 ml cone,
adding not more than 1 ml ,0. Heat to near boiling, add minimum

Pb = to ppt PbCrO4 with 1 drop 1.6 M Na20r04. Centrifuge.

(7) Dissolve PbCrO, in 1 drop conc. HCl., Transfer to 2 ml cone with
1 ml HCl-ether reagent. Chill 10 min in ice bath and centrifuge

out BaCl,*2H,0. TWash with 1/2 ml HCl-ether reagent.

(8) Dissolve in 1 drop H,O0 and add 1 drop 0.5 X H,S0, . Centrifuge
out BaSO4 for mass spectrograph.

or (8a) Dissolve in 1 drop H_O and add 1 drop 0.5 N NaOH plus 1 drop 2 M

¥a,00,. Centrifuge %aco3 and dissolve in O.1 N HC1 for equilibration
with resin for column run.

P-18-273
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Remarks: If the target sol'n is obtained in large volume, buffer with
NH,Ac until uranium ppt's out. Centrifuge and ppt PoCr0, from -
supernatant (20 mg or more may be required). Remove Pb %y dissolving
the chromate in 1-2 N HCl, passing in H,S, diluting %o 0.2 N and ppt'n
PbS. After H,S has been boiled out, thé sol'n may be made Basic and
SrC0, ppt'd t6 reduce the volume. Follow with Sr(NO,),, PbCr0, and

372 4
Ba012-2HéO pptins. :

For mass spectrograph work, steps 5 & 6 may be replaced by:

(5-6a) Boil ? t H,S. Buffer to pH 5-6 and ppt min. PbCrO, by add!n
of Pb~ and 1.5 M Na,Cr0,. Centrifuge. Wash with 2 drops
= TT27 M4
8 £§NH4A0.

To remove e:xcess alkali salts add:

(9) Fume BaSO, to dryness to remove any NH,Cl. Take up in 1 drop
0.5 ¥ H,S 4 Centrifuge and rowash with 1 drop 0.5 N H,S0,.

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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56-6

CHEMIC..L SEP.RATIONS
Element separated: Barium Procedure by: Newton
Target material: Thorium metal (.1-1 gﬁ) Time for sept™n: 45 min.
Type of bbdt: 60" alphas . Equipment required: Standard

Yield: 90%
Degrce of purification:‘>106 from all activities present

Procedure: The Th metal is dissolved in conc HCl plus a fow drops of .2 U
(NH.) SiF, soltn to clear up the black residue. The HCLl is diluted
to .ﬁ ang an aliquot taken.

(1) 1-5 ml sample in 50 ml centrifuge tube. Add 20 mg Ba' ' carrier.
If total volume is 5 5 ml, boil down to 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 HCl - EtzO.
Centrifuge. :

(2) Dissolve ppt in 1 ml H, 0, add 15 ml HCl - Etzo to ppt barium.
Centrifuge and wash wi%h HC1 - ether solution,

' (é) Repeat (2).

(4) 1r scavenging is necessary dissolve in 4 ml H,0, add 1-2 mg Fb+++
and fresh (carbonate free) NH,OH +ill an oxceSs is present.
Contrifuze and discard ppt. To solution add § ml HC1-Et,0, cool |
and centrifuge.

(5) Dissolve ppt in H,0. Dilute to 10 ml, add 6 drops HCl + 10 mg
Lg, digest, centrifuge off .igCl. Repeat.

(6) Add 1-2 mg Fo™**, then NH,OH. Ibke 2 hydroxide pptnms of Fe (OH),-

(7) 4dd Wa,CO,, ppt BaCO,. Dissolve in 1 ml conc HCL, ppt BaCl, by
adding HC% - Etzo reagent.

(8) Transfer ppt to weighed filter with 3-5 ml portions of absolute
E4OH containing 4% HCl. Filter with suction. Wash three times
with 5 ml BEt,0. Dry by evacuation. 2 min. evacuation, release,
5 min. evacudtion., Yeigh as BaClz.HZO.

Remarks: This method has beon described previously. (Phys. Rev, 7517 (1949)).

Preparation of carrier solution: Dissolve 19.0 gms Ba(NOS)2 in wator
oand dilute to 1 liter. -

Standardization as BaCl,.H,0 Take § ml carricr, add 50 ml ether-HC1
mixture. Cool in ice bath for LO minutes. Stir, Filtcr onto a sintered
glass ecrucible. Use 3 = 5 ml portions of absolute EtOH containing 3-5
drops conc HC1l to transfer end wash the ppt. Wash with three & ml portions
of Et,0. Evacuate and weigh as BaCl,.H,O. v

2°72
8/23/49
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56-7
QHEMICAL SEPARATIONG
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 required: S+tandard
Yield: ~ 60% on Ba
Degree of purification: 106 othor F.f. A 103 from Strontium

Advontages: Ba and Sr can be taken out in same procedure.

Procedure: The Th metal is dissolved in conc. HCl plus a fow drops of .2 I
(NH,),SiF, to clear up the black residue. The HCl is diluted to 2 N
and an aliquot taken.

(1) 4dd 20 mg cach Ba and Sr carrior and 30 ml fuming nitric acid.
Cool 1-7 winubes with stirring and centrifuge. (If SO, prosont
add 1,50, to ppt BaSO,. Wash with 10 ml H,0. DMetathésize with
5C% 1,00, by boiling 5 min. Centrifuge, wash with water. Dissolwe
ppt in 17N HNO;. Discard residue. Then moke fuming nitric
acid pptn.) ‘ .

(2) Dissolve ppt in 2 ml H,0. Re-precipitate vith 15 ml fuming HNO, .

(3) Dissolve ppt in 5 to 10 ml H,0. Add 5 mg Fo' ', ppt Fe (OH), by
adding 2 ml carbomate frec 6 M NH,OH or pass in NH3 gas to ppt
Fe (OH)S. Centrifuge. *

(4) Neutralizc supernate with 6 N HNO,. 4dd 1ml 6 MHW, 2 ml 61
NH,Ac. Heat solution o nearly b3iling. A4dd 1 ml of 1.5 M Na‘ECroﬂ
drépwise with stirring. Let stand 1 min. Contrifuge., Reserve
supernate for Sr.

(5) Wash ppt of BaCrQ, with 10 ml hot H,0. Dissolve in 1-2 ml 6 M
HC1 add 15 ml HC1l - Etzo reagent, stir 1-2 min. Centrifugo.

(6) Dissolve ppt in 1 ml H,0. Reprecipitate BaCl, with 15 ml HC1-Et,0
reagent. Centrifuge. Tronsfer ppt to-weighe% filter paper with
4% HC1 in EtOH. Tash 3 x 5 ml EtO,. Dry by evacuation 2 min,
rclease, cvacuatec 5 min. Weigh as BaClz.HZO.

Remarks: This proccdurc has been deseribed previously. (Phys. Rev. 75 17
(1949)). -

For scparation of 8r from this procedure sce (38-5).

8/23/49
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57-1
CHEMICAL SEPARATIONS
Element separated: Lanthanum Procedure by: Naumann
Target material: CsNO, Time for sep'n: 1-1 1/2 hrs.
Type of bbdt: CsNO3 + a(25-50 Mev) | - Equipment required: 5 ml sep.

funnels

Yield: At least 50%.

purification: Excellent at least factor of 103 from Cs, Ba, F, etc.

Degree of
Advantages: Afforas a sample free of fluorine and contalnlng less than
0.1 p g la suitable for mass spectrograph work.

Procedure:

(1)

(2)
(3)

(4)

(5)

Remarks:

(a)
(b)
(c)
(d)

7/27/49

The target (0.8 g) CsNO, is dissolyed in 5 ml of hot 0.5 N HNO
cogfilnlng 1 mg of F~ % mg of Ba* » 1L mg of Fe *and 1/10 n g
Ia” . (See (a) under remarks below. )

3

The solution is made basic with NH3 and the solution centrifuged.

The Fe (OH), ppt is washed three times wi§§ boiling water redissolved
in 5§ cc O.g‘g HNO3 and 1 mg of F and Ba  is added as holdback
carriers.

The solution is again made basic with NH,, the precipitate centri-
fuged, washed and dissolved as in step (é) but only 1 mg of F
is added, the Ba = being omitted,

Fe(OH) is again precipitated with NH,, the precipitate centrifuged
and washed 3 x with boiling water, éhe precipitate is dissolved
in 2 ml1 6 N HC1l (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.

If xs Ba** & F are added BaF, will precipitate. The 0.1 p g La
serves to give a line at mass nuber 139 on the mass spectrograph
plate,

At this point an aliquot is taken for counting, etc,

Some La is extracted into the ether but this apparently is
unavoidable.

Rare earths if present from bombarding a mixture of target materials
would not be separated in this procedure.
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CHETICAL, SEPARATIONS

Element separated: Rare earths Procedure by: Hicks

Wilkinson
Target material: Rare earth oxides Time for sep'n: 1/2 hr.-1 hr.
Type of bbdt: 60" : Equipment required:

lusteroid tubes

Yield: U} 100% ,

Degree of purification: 100% from all other elements besides rare earths
themselves.

Procedure:

issolve rare earth oxides in conc. s Ppt hydroxides with

(1 Di 1 th id i HN'O:,J t hyd id itl
cone. NH4OH.

(2) Tmsh 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 fluorides with water.

(4) Dissolve fluorides in HNO, - H BO, mixture (8~10 I HNO, saturated
. 3 3773 - 3
with HéBOS)

(5) Repeat 2-4 twice.

(6) Dissolve final hydroxides in HC1 pH 1-1.5 and transfer to ion
exchange resin column.

8/25/49
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Exorpts from Paper on "Radioactive Isotopes of the Rare Earths.
I. Experimental Tcchnigue ond Taulium lsotopes' - Phys Rev 75 1370 (1949)
Geoffrey Wilkinson and Harry Hicks

Abstract:

The experimental techniques used in the chemical separation and identifi-
cation of radioactive isotopes of the rare earth clements arc described.
The isotopes are produccd by bombardment of rore earth oxides with a-particles
deuterons, and protons from the 60~inch Crocker Laboratory cyclotron, and
also by bombardment of tantalum with 200 Mev deuterons from the 184-inch
cyclotron.

I. Introduction

The extreme difficulty in achicving separation of the rare earth clements
in a very purc state has been overcome in recent ycars by two moin .advances
in experimental techniques. These have meant that not only macro, but tracer,
amounts of rare earths can be reliably separated from cach other in a fow '
hours.

Mcthods of scporation based on multiple oxidation states of the
rare carth clements have been dcve}oped for ou§opium, samarium, and other
rore earths, parbicularly by MeCoy™ and Marsh, using zinc and sodium

1.H.N«MeCoy, J. Am. Chem. Soc. 57, 1756 (1935); 59, 1131 (1937); 63, 3422 (1941)

2. J. K. Marsh, J. Chem. Soc. 398, 523 (1942).

amalgam reduction proccdures, while the separation of rare earths by the
use of columns of ion-cxchange rcsins has been developed in the Manhgtton
Project, and has been described in a comprchensive sceries of papers.

3. E. R. Tompkins, J. X. Khym and i/. E. Cohn, J. Am. Chem. Soc. 69, 2769
(1947); F. H. Spedding ¢t al., J. Am. Chem. Soc. 69, 2777, 2786, 2812
(1947); E. R. Tompkins and S. W. Mayer, J. Am. Chem. Soc. 69, 2859,
2866 (1947). —

—

These procedures have given o great impetus to rescarch on raye earth
isotopes fermed in fission of uranium and alsc by neutron capture.” Littlc

4., ®. R. Tompkins, J. X. Khym and 7. E, Cohn, J. Am. Chem. 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. 69, 2792 (1947); B. H. Ketelle ond G. E. Boyd, J. Am. Chem.
Soc. 69, 2800 (1947); . E. Cohn, G. W. Parker and E. R. Tompkins,
Nuclconies 3, 22 (1948). :

work, however, has been done on neutron deficient isotopes formed by proton,
deuteron, and a-porticle bombardment of the rarc carths. A systematic study
has, therefore, been undertoken to remedy this deficicney in the knowledge
of such isotopes, and further, to allow. interpretation of the.results of
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high cnergy particle bombardments of elcmentg above the rare carths using
the 1€4-inch cyclotron. 1In a provious note, a list of ncew rare earth

5. G. Tilkinson and H. G. Hicks, Phys. Rev. T4, 1733 (1948).

activitics and their properties was given; the prescnt paper describes
the oxperimental procedures uscd, and the properkies of the new thulium
activitics. )

II. Experimental
A. Bombardments

Where comparatively large quantities of material were available,
hundred milligram amounts of rare carth oxide werc sproad on a ridged copper
torget plate, which was then covered with 0.2 mil tantalum foil. In all
other cascs, ton to twenty milligram samples of the oxides werc bombarded
on interceptor torgets ploced in the beam of the 60-inch Crocker Laboratory
cyclotron. The finely powdered oxidc was spread cvenly on a small plot-
inum tray with a grooved inner surfoce, which was silver soldercd to a
water~cooled copper holdere Tho oxide layer was wetted, and a fow drops
of dilute sodium silicate solution dropped on top of it. After cvaporation
and drying under oen infra-rcd heat lamp, the oxide wos very firmly bound in
an cven layer. Targots so prepared have withstood over a hundred micro-
cmpere-hours of 20 lMev deubcrons without loss. Tho targets were covered
with 0:2 mil tantalum foil as additional protcetion.

Bombardments of rarc carth oxides have been mde with 38 Mev g-particlcs,
19 Mpv decuterons, and 10 lev protons from the 60-inch Crocker Laboratory
cyclotron; runs with low cnergy a-particles were made by placing suitable
thicknessos of tantalum foil over the interceptor target. Tantolum, as the
metal foil, was bombarded with 200 Mev douterons from the 184~inch cyclotron.

B. Chemical Separations

After bombardment, the rarc carth oxide was dissolved in nitric acid,
and insoluble matter removed by centrifugation. Carricrs for conbaminating
activitics likecly to bLe formed from the target moterials -- copper, tantalum,
platinum, sodium silicate, ctec. were added, and the rarc carth fluoride
precipitated from hot 2 N nitric acid solution by addition of hydrofluoric
acid. The washed fluoride was dissolved in o mixturc of concenbrated nitrie
acid and saturated boric acid; from this solution, the rare carth hydroxide
was precipitated by addition of ammonium hydroxide. The woshod hydroxide
was dissolved in nitric acid and a further fluoride precipitation made os
before. Three or four such cycles were made, after which, the hydroxide
was dissolved in a minimum of hydrochloric acid and the solution accurately
adjustcd to o known volume. Aliquots of this solution were taken for dircet
measuroment of radiocactivitics, for checmical separation of the individual
rarc carth cloments, and for ostimation of the chemical yicld of the bombarded
oxide. Rarc ecarths werce determined for chemical yield measurcment, by
the precipitation of oxalate, followed by ignition to the oxide, and weighing.

The tantalum, aftcr bombardment with 200 Mov deutcrons, wos dissolved
in the minimum of nitric and hydrofluoric acids. To the boiling solution was
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added boric acid, to complex the fluoride, followed by cerium III sclution
as a carrier for the rarc earth activities. After dilution, oxcess hydro-
fluoric acid was added to precipitate cerium IIT fluoride. The cerium was
purified by hydroxide-fluoride cyclcs as above. To the final solution in
strong nitric acid was added & small quantity of lanthanum (ca. 0.1 mg) and
the cerium oxidized to the IV oxidation s tate by addition of sodium bis-
muthate. The cerium was then removed by precipitation of cerium IV phos-
phato from 3 N nitric acid solution. The lanthonum, with the rare carth
acbivitics, was rccovered as the fluroide, which was then converted to the
chloride for subscquont separations on the ion-exchange columns.

C. Chemieal Scparation of the Rarc Earth Elcments

Chomical scparation of the individual rarc carth elements was made
by ion-cxchange resin columns, or for curopium, by an amalgam reduction
method. The principlc of column scparation involves first the adsorption
of the rare carth ions in dilute acid solution on a small quantity of ion-
exchange resin. This rosin is thon placed at the top of a rosin column,
through which is then passed a solution of & comploxing agent for the rare
carths, e.g., armonium citrate. The rarc carths arc cluted under strictly
controlled conditions and pass through tho column at various rates;
lutccium is the first to appear in the cluate, followed in succession by
ytterbium, thulium, crbium, cte.

In preliminary expcriments to determine the characteristics of column
separations and optimum separation conditions foglthc rare carths, both
inactive rarc carths in milligram amounts, gnd Y adioactiveg&racor were
tised. The former were detcrmined spectroscopically and the Y~ determinod
by i%s radiocactivity. :

6. Spcctroscopic analyscs of the rare carths were made in this laboratory
by Mr. J. Comway ond Mr. M. Moore, to whom we are greatly indebted for
their assistance.
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added boric acid, to complex the fluoride, followed by corium III solution
as a corrier for the rarc earth activities. After dilution, cxeess hydro-
fluoric acid was added to preeipitate cerium III fluoride. The cerium was
purifiecd by hydroxide-fluoride cycles as above. To the final solution in
strong nitric acid was added & small quantity of lanthanum (ca. 0.1 mg) and
the cerium oxidizoed to the IV oxidation s tate by addition of sodium bis-
mubhatce The corium was theon removed by precipitation of cerium IV phos-
phate from 3 N nitric acid solution. The lanthonum, with the rarc carth
activities, was rocoverced as the fluroide, which was then converted to the
chloride for subsequent scparations on the ion-exchange columnse.

C. Chemieal Scparation of the Rarc Earth Elcments

Chomical scparation of the individual rarc carth clemonts was made
by ion-exchange resin columns, or for curopium, by an amalgam reduction
method. The principlc of column scparation involves first the adsorption
of tho rare carth ions in dilubo acid solution on a smnll quantity of ion-
cxchange resin. This rosin is thon placed at the top of a resin column,
through which is then passced a solution of & complexing agent for the rarc
carths, o.g., armonium citratc. The rarc carths arc cluted under strictly
controlled conditions and pass through the column at various rates;
lutccium is the first to appear in the cluate, followed in succession by
ytterbium, thulium, crbium, ctec.

In preliminary experiments to dctermine the charactoristics of column
scparations and optimum separation conditions foglthc rare carths, both
inactive rarc carths in milligram amounts, and Y adioactiveg&racer were
usgd. The former were determined spoctroscopically and the Y~ dotcrmined
by its radioactivity.

6. Spcctroscopic analyscs of the rare carths werec made in this laboratory
by Mr. J. Conway and Mr. M. Moorc, to whom we are greatly indebted for
thoir assistance. )
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1. Prcpargtion of the Column. - All column scparations werc made
using Dowcx-50, 4R AromATic Rydrosarbon polymer containing many nuelcar

7. 7. C. Bauman, Ind. Eng. Chem. 38, 46 (1946); W. C. Bawman and J. Echhorn
J» dAm. Chom. Soc. Ea 2830 (1947).

-

sulfonic acid groups. Tho rosin used was the colloidnl agglomerates,

Batch 19891M supplicd as the sodium form. The ammonium form of the resin
was preparcd by stirring with saturated ammonium chloride solution; cxcess
ammonium chloride was removed by washing with water. The resin was graded
to have a scttling time of less than five minutes for five contimeters in
water at room temperaturc. The length of the preliminary resin column was
50 cm, with a diamcter of 0.4 cm, but in subscquont runs, it was found +that
20 cm x 0.4 emand 20 cm x 1.0 em columns gove ndequate soparation.

2. Adsorption of Rarc Earths on Resin. - The rare carth solution in
hydrochloric acid was adjusted to give a pH betweon 0.5 and 1.5, the ionic
strength being kept at o minimum; this solution was theon agitoted with
about 0.2 ml of rcsin added in two or threc succcssive portions. Tho
solution end rc¢sin were agitated at about 70°C, but were not allowecd %o
stand in contact for morc than 15 minutes. This prcvents diffusion of ions
into the interior of the agglomerates, and subscquent slow clution with
poor scparations.

3. Operation of thc Column. - The resin, with tho rarc carth adsorbed
on it, was transferrod to tho top of the resin column, and the cluting
agent passced through. The cluting agent used wos o 0.256 M solution of
C.P. citric acid, accurately adjusted to pH 3.05 with cmmonium hydroxidc.
Carc was takon to approach this value from the acid side, so thet rcadjust-
ment with acid was not nccessary, sinece it is important for good scparations
to kecp the ionic strength at o minimum. The flow ratc was approximtely
0.03 milliliter per squarc centimetor column arca per minute; with the columns
uscd, of diamcter 0.4 cm, and with o drop sizc of about 0.03 ml, this flow
ratc corrcspondcd to onc drop in 3.5-4 minutcs.

Thecelunte was collceted in 10 x 75 mm rimloss test tubes placed in a
perforated turntable, which was rotated automatically ot various time scttings,
to placc succocding tubes under the column. Semples were normally collectod
for 15 minutes. In runs with active materials, aliquots were taken with
micropipcettes and cvaporated on stainless stcel disks for counting. Aliquots
were also taken for spectroscopic anclysis of macro amounts of rarc carths
presont. The amount of rarc carth., detcrmined cither spectroscopicelly
or by activity measurcments, wns then plotted against the sample numbor.

This nllows cstimation of the degree of scparation achicved. In all
column runs, samples colleccted before the clution of onc 'frec column
volume" were disrcgarded. After completion of a column run, any residual
activity or rare carth wos 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.

Aftcr scparation on the column, the rare carths were rcecovercd by
cvoporation of the citratc solution with nitric and perchloric acids with
subscquent ignition. Tho rarc carth rcsiduc weas thon cxtracted with nitric
acid and thce hydroxide precipitated with ammonium hydroxide. If the
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solution containod only tracer amounts,a small cmount of lanthanum was
added as a carricre

In addition to strict control of the conditions mentioncd above, it
is also impor tant for successful scparations, that the capncity of the
resin for adsorption of rarc carth ions is not cxcoeded. For thc columns
described, the maximum capncity corrcesponds to approximately 10 mg cnd 100°
mg of rarc carth oxide, rcspeebively. Where the starting materials con-
tained significant amounts of other rarc carth impuritics, and purification
wos neecssary before bombardment, a larger column, which had a capacity
for about 1 g rarc carth oxide was uscd. The arca of the column and the
drop rate were scaled up from the values uscd in the 0.4 cm and 1.0 om
diameter column runs, the amount of citrate flowing through unit cross-scc-
tionmal arca of resin being kept constant, The progress of any particular
inactive rarc carth through the column could be checked by using radio-
active tracer for a ncighboring heavier rare carth. After clution of the
active tracer, the sample numbers of the desired inactive rarc carth were
cstimated by comparison with the standard clution curve (Big. 1). Aliquots
of the samples were then examined speetroscopiecally to allow tho pure
rare carth fraoctions to be isolated.

4. Results in Column Sepnrations. - In Fig. 1 ig,shown the "standard
clution curvo" obtnincd with innctive mterials and Y tracer. It should
be noted that while the lutecium and ybterbium arc very closc togcther,
samples from the pecaks of these curves have no detectable lines of cach
other or of other rarc carths in their spectra. Thus samples of thesc
neighbering clements can be obitnined in which the scparation factor is at
least o thousand.

A typical column run on o bombarded samplc is shown in Fig. 2, where
the broken linc shows the distribution of radioactivity produccd by 38 lev
alpha-particlec bombardment of holmium oxidc. The solid lines show the
distribution of inactive carricrs of lutccium, ybterbium, crbium, and
dysprosium, added as rcfcrencos, and determined spectrographically.

A further cxample of a column seperation is shown in Fig. 3, where the

rarc carths arc prescnt in trocer quontities only. In such cascs, scpara-
tion is generally cleancer and there is less "tailing" of the peaks, than
where macro cmounts of rare carths are separated. Tho activitics shown in
Fig. 3 werc spallation products, obtaincd by the bombardment of tantalum
with 200 Mev douterons from the 184~inch cyclotron. Lanthanum was uscd
as o corricr for the radioisotopes. A study of ‘tho radiotion characteristics
and decays of the peak samples has shown no cvidence of contamination.

D. Scparation of Europium

Europium has becen purificd prior to, and rccovered after bombardment
by a modification of McCoy's mcthod.”™ The curopium in 6 N hydrochloric
neid solution was rcduced to the divalent statc by boiling with zine
amalgom. Rarc oarths other than curopium were precipitated by carbonatce-
frce ommonia using ccrium as a carricr. After centrifuging, the supor-
natant solution was withdrnwn, the curopium oxidized by ozonc, and thon
procipitated by ammonia. The procodurc was rcpeated with both fractions
to cnsurc complcitc scparation. ’

8/16/49
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The Preparation of Grem Amounts of Spectroscopically Purc Rarc
Eorths Using Dowex 50

Elements Purified: Pr, Nd, Eu, Gd, Dy.

Starting Material: Thec best material commercinlly available in gram amounts.
The starting moterinl usually contained ~, 99% of tho
dosircd constituont. '

‘Procodure by: R. C. Lilly, D. C. Stewart. Dascd on original data givon
in JACS, 69, 2769-2879 (1947).

Time for Purification: 2-3 wecks

Equipment roquired: Large column sctup (sce bolow )
automatic sampler
12 dozen 100 ml centrifuge tubes
large beakers
soltn bottles (12 liter size)

Yicld: ~s90%

Degroc of Purification: In the casc of rarc carths from Ce through Gd,
samples can be obitained which contain no other
rarc carth lines, Above Gd, the scparation is
less completc.

Advantages: Large capacity allows preparation of & gms of matericl in onc run.

Doscription of Apparatus Uscd:-

Ae Column
(1) The column is constructed of Pyrox tubing, 4-6 cm. i.de and from
50-75 cm in lcength. The lower cnd of the tube is rounded out
slightly and fitted with o piccc of capillary tubing 3 cm long,
7 mm o.d., and 1 mm i.de 4 smnll well is loft in the large tube
just above the start of the capillary Yo hold o glass wool plug.

(2) Thc upper cnd of the column is cquipped with a rubbor stopper
which has been fitted with a 5 em picece of 10-12 mm glass tubing
and hollowed out undernecath to give o dome-shoped space whose top
is flush with thc cnd of the glass tubing. This typo of stopper
provents the accumulation of air at the top of the column.

(3) The glass tube oxtending up from the stopper is connected to a
rcservoir bottle by a longth of tygon tubing. Provision is mrdo
for raising or lowecr the roservoir to rcepgulate the flow rate.

B. J{utomatic Sampling Mcchanism
(1) The usual automntic sampler, providing holos for 60 small tubes,

is reviscd by substituting a lucitc top disc cquipped with 30 holes
large cnough .for a 100 ml centrifuge tube. Since thosc samplers
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have 60 stops in onc compléto rcvolution, the column is set up
so that cach tube takes up two turns of the wheel and is under
the column for 1/30 of a cycle.

(2) The sampler is also modificd by the inclusion of a lorge aluminum
scparator between the two discs so that the large contrifuge tubes
are supported noar the top and will not fall out of position.

General Operations and Information: -

. -+ .
A.  Precparation of NH4 . resin.

(1) Usc 250-E00 mosh Dowex 50 . Heat three times at 100°C with 1 1/2
volumes of 4 M NH,Cl. Wash 8 times with 2 1/2 volumes of distilled
H,0. After cach Wash discard the supernotant and any fine material
suspended in it.

. e B0 =
(2) Density of Dowex §0 ¥) givon for rosin

58 gms /ml ary)

0.5 .
0.72 gms/al wet) from experimental

results
Thus ~ 40% of the column volume is rosin.

* Also referred to as "Naleite" and "Ionex". The cffectivo Molecular weight
is 184. '

B. Proparation of Ammonium Citrate Stock Sol'n,

(1) Combine the following:
12 gms Bakers C.P. phenol ,
600 gms lerck Reagent grade citric acid
116 ml1 Rocagent grade NH4OH '

(2) Dilute %o 12 litors with H,0, mixing well.
(3) Romove a smnll sample and test the acidity with o pH meter. It
should be between pH 3.00 and 3.:i0. If it is nob, add NH4OH or
HC1O,.
£
(4) Citric acid data.
Moleccular weight of monohydratc_g 192 _
Kl = 8.2 x 10 7; K2 = 1,77 x 10 "3 K, = 3.9 x 10

3
C. Adsorption of Rarc Earths on Dowex 50.

7

(1) Dissolve the mterial to be purificd in the least possible amount
of HC10, and dilutc to 50 ml. If the sol'n doos not remain clear
on dilut'ion, add scveral milliliters of conc. HCl and heot the

- sample furthor.

P-18-188
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Transfer the sol'™m, having o volumg of 50'm1, to & 250 ml glass-
stoppered bottle. 4dd cnough Eu i ﬁp gplo or HC1l soln
to give a total of ~s 500,000 ¢/m of Eu countor. Mx the sol'n

well and pipette out 1002\ Dry ond counc.

Air dry some of the resin propared as in (4) 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 the bottle

and shoke it mechanically for 1-2 hours. "Allow tho rosin to

settle; remove 100 A of the supernatant soln, dry, and count. Com-
parc with tho count obtained in step (2) to determinc the pereentoge
adsorbed. If it is lcss than 95%, add morc HCIO or morc rcsin,

or both, and shakc again.

hen the count shows cnough of the matcrial ‘4o have been adsorbed,
draw off the supernatont. Wash the resin with 50 ml of H,O and
discard the wash. Thon wash with 50 ml of pH2 arnonium:citrate
saln (preparcd by adding conc.HCl to some of the soln proparcd

in (B)), and discard this wash. The resin is now rcady to be
slurricd onto the prepared rcsin bed.

(1)

(2)

(3)

(5)

P-18-187

Ple.ece o small Pyrex slass wool plug in the woll above the capillary
tube and wet it with H 0. Add a slurry of the resin in H,0
preparcd as in (&) aboVe, filling the tubc to a height of

e~ 20 cm for Pr, Nd
~ 40 cm for Sm, Eu
at least 60 cm for Gd and higher rarc carths.

After making surc thet the glass wool plug has not beem misplaced,
allow the resin to scttle for scveral hours and form o well-pocked
bed.

Tronsfer the "hot" resin containing the adsorbed rarc carth material
as prepared in C above to the top of the column by slurrying it

on with & small amount of .pH 2 ammonium citrate sol'm. lMke surc
thot the resin settles out in a level bond.

Carcfully fill the column with H,0 and put the rubber stopper in
place so that all of the air bub%lcs arc forced up into tho glass
tube in the middle of the stopper and finally out through the
rescrvoir bottle.

Fill the roscrvoir bottle with the pH 3.05 ammonium citratc sol'n
and «2llow the liquid to fill the tygon tubing leading to the column.
Clamp the tubing until rcady for the flow to begin. (Cautiont) Do
not monipulate the tubing in such o way that a partial vacuum is
cvor created 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)

(8)

(9)

(10)

(11)

(12)

Remarks:

(1)
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After the aubomntic 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/bm for
a 5cm i.d. column.

Collect samples as desired. The progress of the rare earths through
the column can be followed roughly by checking the position of
the Eu tracer with a 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
smll beaker and adding a few crystals of oxalic acid. When
weighable amounts of rare sarths come through, this test will
result in a furbidity or a sizeable white ppt., depending on
the omount of material.

When 21l 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 analysis as desired,
either at both ends of the peak or at regular interwvals throughout
its length. 1In ecch case pipette 50 X\ of the soln onto a Cu spectro-
scope electrode and dry.

On the basis of the spectroscopic analysis combine the tubes into
fractions according to purity. In each case, transfer the solns
and washings to a beaker of appropriate size and boil to ~ 1/3
the volume. Add oxalic acid (1 gm for each 25 ml of soln) which
hes been dissolved in H,0 and heated to boiling, pouring it into
the boiling sample soln and stirring well. Digest the sample
over low heat with continued stirring 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 Hzo, dry it, and ignite Yo constant weight at 700° C.

In order to secure spectroscopically pure material it is important
that 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 diffiocult to remove all traces of
dichromate cleaning 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 covered.

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 laste If the same eluting agent is used throughout,
the concentration vs time peaks become progressively broader and
further apart as the lighter rare earths are apprcached. This
means that praescodymium, for example, is relatively easy  to
purify, but will be spread through a number of fractions; whereas
the heavy rare earths are difficult to purify and are distribubted
through fewer tubes per peak.

(3) The Tompkins-Moyer equations (JACS 69, 2859 (1947)) con be used
to caleulate theoretical separationfzhrves. They require that the
plates per centimeter be known for the resin, and that the "C" wvalues
(number of free volumes of elutant at the peak) be known for the
individual rare earth elements. The experimental data taken are
not complete enough to give very accurate figures, but it is
estimoted 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; ond Pr ¥ 55.

8/16/49

P-18~208
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58=1
- CHEMICAL SEP.:RATIONS
Element separated: Cerium Procedure by: Newton
Target mtorial: 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: lO6 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 HC1 is diluted
to Z'ﬁ and an aliquot taken.

(1) 44d 10 mg Ce, La and Y earriers, 8 ml conc. HNO, and 15=20 ml
35 M HIO3 solution. Centrifugc.

(2) 4dd 11 ml of 15 N NaOH, ppt Cc(OH)S; ¥iash once with dil NaOH.

(3) Dissolve ppt in 2 ml 6 ¥ HCl. Dil t 10 ml. 4dd 2 ml 27 N HF.
Ppt Cch, discard supernote.

(4) Add 1 ml sat H,BO, and 8 ml conc. HNO,. Vhen dissolved add 1/4
gm KBrOs. Ppt“iodote by ndding 20 ml HIO; sol'n.

(5)- Dissolve ppt in 1 drop conc HCl and 3 drops H202 and repeat
iodate pptn. ‘

(6) Dissolve iodatec in 1 drop HCl and add 8 ml conc. HNO, and 10 mg
Zr ocarricr. A4dd HIO, to ppt Zr(IO3)A, let stond 5 min. Coentrifuge.

(7) Add 10 ml 15 N NaOH, ppt Ce(OH)S.

(8) Dissolve Ce(OH), in 1 ml 6 N HCl. .dd HyS0, to reduce all Iog to
I'. 4dd NH,OH %o ppt Co(0H],.

(9) Dissolve Co(OH)A in 1 ml 6 MHCl. Dil to 15 ml H,O0, boil. Add
- 15 ml sat Hzcroﬁ'with stirring. Cool in icc bath 'just 10 min.

(10) Filter, wash thrce times with 5 ml HZO’ throc timcs with 5 ml
EtOH, threc times with 6 ml Et,0. Dry by evac. 2 min., relecase,
2 min., rclease, 3 min., weigh“as Cb2(0204)3-10H20.
Remarks : '

This method has becn doscribed previously (Phys. Rev. 75 17 (1949)).

Precparation of carricr solution: Dissolve 31.0 gms Ce(N03)3;6H20 in
water and dilute to onc liter.

Standardization: Take 5 ml carricr. ./dd 20 ml H,0. Heat to boiling
and add 5 ml saturated oxalic acid. Cool in an icg ba%h for just 10 minutes.

P=18=277
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Filter through a fine sintcred glass cruciblc. Wash and dry with 5 ml
HZO’ 3-5 ml portions 95% EtOH, 3-5 ml portions Et20. Evacuate 2 minutes,
réleasc to air,cvacuate 2 min., rclease, ov"cuato, rcloaso (cvacuate threo
minutcs ). 01vh as Cuz(C 0, ) «IOHZO.

The method is quite empiriecal. The Rare Earth ppts arc weighed as
the following compositions when dried in the above stondard monner.

Laz(C204)3'8H20
002(0204)3;10H20
Prz(czo4)3#9ﬁzo
Y2(0204)3;7H20

Eu, (C,0, ) *10H,0

8/23 /49

P-18.276
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58-2
CTEMICAL SEPARATIONS
Element separated: Cerium ' Procedure by: Goeckermann
Target material:s vl g Bi metal Time for sep'n: few hours

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

Yield:

fuge, tubes, lusteroid
.. cones, HZS tank, NH, tank,

o 3
. ozone generator.

Ce approx. 30%

Degree of purification: Ce decontemination factor > 104 from fission &
spallation products. : _ . - :

Advantages: Good for éeparating small amounts of Ce & BEu activity from
large amts of non-RE activities.

Procedure:

Cerium and europium were purified together and then separated

from the other rare earths.

(1)
(2)

(5)
3)
(5)
(6)
(7)
(&)
(9)
(10)
(11)

a2)

Remarks:

Wleich as Cez(CZO

To aliquot of ENO, soln of target 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 fluorides from 2 N HNO3 with Zr
and Cb present. -

Scavenge twice with Bi283 and RuS from 0.5 N HC1.
Precipitate RE hydroxides twice with NHS(COS-Z free) and Sr present.
Precipitate RE fluorides from 2N HCl twice with Zr and Cb present.

Scavenge with Blzs5 and RuS from 0.3N HC1.

Precipitate RE hydroxides with NH3 three times with Sr present.
Precipitate RE oxalates from dilute HC1.

Precipitate RE fluorides from HNO,

Repeat (7).

Displace air with O and CO, free N s reduce with Zn amalgam,
precipitate Y(OH) and Ce(O% w1th NH, . Dissolve and reduce
again, reprecipitate hydroxldes.

Dissolvé "hydroxides, precipitate Ce (IO ) twice, then Ce (PO

three times. Precipitate CeF, from HC% metathesize to e(oﬁ)
dissolve in HC1l, precipitate ge(OH)3 with NH,. Dissolve in HC
4)3‘10H20(25 .84 mg per 10 mg Ce)e

In these bbdts, the amount of Y activity produced was > 105 times

the RE activity. 1-2 mg of holdback carriers or scavengers are used.

8/24 /49

See(63-o)for Europlum separation from same target. Pe18-262
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CHEMICAL SEP.RATIONS
Element scparatcd; Samarium Procedure by: Ballou, Newbton
Target material: Thorium metal (.1-1 gm) Time for scp'n: ~v 2 hours
Typc of bbdt: 60" alphas Equipment rcquired: Purificd

tonk W, (02 & CO, freec)

Yield: 5-25%

Degree of purifidation: undetermined

Procedurc: The Th metal is dissolved in conc HCl + a fow drops of .2 M.

(VH
o %

(1)

(2)

(3)

(4)

(7)

(8)

(9)
(10)

P-18-271

),SiF, solution to clear up the black residuc. The HC1 is diluted

ﬁ ang an aliquot +taken.

-dd. 10 mg Cc+3 and Eu+5 carricer + 10 mg Sm.":5 carricr, 5 nl conc.

HNO, and 4 ml 27 M HF; dilube to 35 ml, centrifuge and wash withrv 10
o) ﬁzo + several drops HF.

Dissolve ppt in 1 ml sat H,BO, + 3 ml conc HNO,, dilute to nu 20 ml,
add 2 ml 27 M HF, centrifuge dnd wash as in (l:lj.

Slurry ppt of (2) with 1 ml sat H,BO, solution and dissolve in
8 ml conc HNO.. dd 0.2 gm KBrQ. + 30 ml 0.35 M KIO, sol'n; cool
and stir 2 mifutes. Centrifuge & wash with H,0. (ép’c contains

Cec and The)

Add 12 ml 19 1 NaOH %o supn, cool and centrifuge. "Dissolve ppt in
conc. HCLl + HZSOS’ dilute to 30 ml, add conc. NH4OH, centrifuge
and wash.

Dissolve ppt in 3 ml 6 N HCl,dilute add 5 mg La holdback carrier,
and reppt with NH4OH; censrifuge and wash.

Dissolve the Sm(OH)3 & Eu(OH)3 with a minimum of g N HC1 (no%
more than a few drops) and transfer to a separatorsrmfunnel with
10-20 ml water. Add 8 drops of glacial HAc and 3 %o 4 ml Na
amalgam (0.3%) (Note 1).

Shake for 5-10 seconds (Note 2) and transfer the Hg layer to a
second separatory fumnel containing ~ 30 ml water. Shake and
then transfer to a third funnel also conbaining rv 30 ml water
(Note 3)» Shake and transfer to a fourth funnel containing
~n 20 ml 2 N HCl. Shake until H, evolution ceases (Note 4)

Collect the Hg in a recovery bottle.and pass the water layer into
e centrifuge tube. Add 5 mg ILa holdback carrier and precipitate
with concentrated IH{4OH. '

Repeat - . steps (6-8) twice (Note 5).
Dissolve the Sm(OH), and Eu(0H), with 1 ml 6 N HCl and transfer

to & 50 ml constricied neck cen%rifuge tube (BKH:: 20972)
containing 0.5 gm amalgamated Zn.
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(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 to precipitate the
Sm(OH),. Close the tube with a Tight fl%tlng rubber stopper
and centrlfuge. .

(13) Decant into another tube and test for Bu by passing in ozone.
Continue extracting Eu from the Sm as described above until
no more Fu appears in the centrifugate.

(14) Add 1 mg more Eu to the Sm(OH)3 and repeat steps (10-13). (Save
all Bu residues.)

(15) Dissolve the final Sm(OH) with a minimum of 6 N HCl (not over 1 ml),
dilute to Az 15 ml, heat with stirring, and add T0-15 ml hot
saturated oxalic acid with stirring. Filter through a filter
circle on a Hirsch funnel, and wash twice with dilute oxalic acid,
once with water, and once with alcohol. Ignite the sample and
mount for counting.

Wotes

l. 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 wolatilization of the Hg. Consequentlv, 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 a small hole in a filter paper. This residue which contains
some amalgam can be washed several times with water and used. Once
formed, Na amolgam is relatively steble to water and air but decomposes
readily in acid solutions.

2. Shaking much longer causes complete destruction of the Na. This should
be avoided. On the other hand, sufficient time must be allowed for the
Sm to amalgamate completely. :

3. No Sm is lost in the water washings. 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 amalgam to the first fummel and repeat the
separation. Any Sm remaining in the first fumnel 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 readily 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 Studies: The Fission Products,
Volume 9, Div. IV, of the National Nuclear Energy Series, MeGraw-Hill
Publishing Co. (1950). . :

This method has been dosceribed previously (Phys. Reve 75 17 (1949)).

8/23/49

P~-18-269
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CHEMICAL §EB@RATIOH§
Element separated: BEuropium Procedure by: Newton:
Target material: Thorium (metal) Time for sep'™: 4 hrs.
Type of bbdt: 60" atls -~ Equipment required: Tonk N
(Oz and co, free) 2

vield: 40%
Degree of purification: 106 except from R. E.; lO4 from Re Ee

Procedure: The Th metal is dissolved in conc HCl + a few dro;s of 2 M
(NH ),SiF, solution to clear up the black residue. The HCl is diluted
ﬁ ang an aliquot taken.

(1) 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.

(2) To centrifugate add 19 M NaOH ppt Ce (Oh) and Eu(OH)g. Contrifuge
and wash ppt once with H20,

(3) Dissolve ppt in & ml conc HNO,, add 2 ml Zr and 20 ml HIO; ppt
Zr\IOS,4 Centrifuge and discard ppt.

(4) Add 19 ¥ NaOH to ppt Eu(OH)S and Ce(OH)3. Discard supernate. Wash
ppt once with H20. -

(5) Dissolve hydroxides in 1 ml 6 I HCl. Add 10 mg each Ba and Sr
carriers, Pass in 002 free NHS’ ppt hydroxides.

(6) Repeat (5).

(7) Dissolve ppt in 1 m! HCl, Add Cb and Zr corrier and 3 ml 27 NHF.
Poi Gng + EuF,. ¥ash ppis once,

(8) Tissolve ppt in 1l ml 6 N HC1 and 1 ml sat HﬁBO o Dilute, pass in
Wiz, ppb RE(UH)

(5) Dissolve RE(OH), in 1 ml 6 N HCL. Pass in NH, ppt RE(OH),.

(10) Dissolve RE(OH)5 in 1 ml 6 N HCl. Add 0.5 gm Zn(Hg). Dilute to
5 ml, pass 1n pure N2 through stirring rod. Heut, 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.

(11) Dissolve ppt in 1 ml 6 N HC1, dilute and repeat (10).

P-18-173
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(12) To combined supernates of 10 and 11 add 1 drop NaOCl (6%) or

(13)

Remarks:
(1)
(2)

pass in ozone. Ppt Eu(OH)S. Centrifuge. Dissolve in 6 N
HCl and repeat 10, 11, and 12. =

Dissolve Bu(OH), from (12) in 1 ml 6 N HCl, Dilute to 10 ml.
Heat. Add 10 mP saturated H,C ,0 and place in ice bath 10 min.
Filter on weighed filter paper and wash three times with 5 ml Héo,
three times with 5 ml EtOH and three times with 5 ml EtzO.
Evacuate and weigh.

1 K I
N2 gas must be O2 and COz free. .

Save all Eu residues, active or not. Eu is extremely rare and
hard to get.

This method has heen described previously in Phys. Rev. 75, 17 (1949).

8/11/49

P-18-160
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Preparation of FEuropium Carrier

™~ 15 gms of europium oxalate originally prepared by McCoy was -purified.
There are both a and B activities associated with this Eu and it is necessary
to separate it in order to obtain a good carrier solution.

The process was:
(1) Eﬁpﬁqgggnited and dissolved in HC1.
(2) NH OH passed in to ppt Eu(CH),.
4 3
(3) Eu(om), dissolved in 10 ml 16 I HN03,Zr++++ carrier added.
(4) HIOé added to ppt Zr(IOS)é-carrying all Th impurities.
5 9 N NaCH added to ppt Eu(OH),.
( 19 ¥ NaOH added t Bu( )5

(6) Eu(0H), dissolved in 6 N HCl, Ba*" added and H, S0, added while

hot tosppt BaSO,, carrying Ra and MsTh activitiés.

(7) Eu(OH)3 pptd with NH4OH, 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 Ao hydroxides. Ppt redissolved in

acid and recycled since some Eu not reduced.

(9) Eu** oxidized with NaOCl 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 %1mes 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 oxide.

Eu2(0204)3-10 H,0 (24.6 mg per 10 mg Eu).

A. S. Newton

%/11 -163
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CHEMICAL SEPARAT IONS
Element separated: Europium Procedure by: Goeckermann
Target materiali v 1 g .Bi metal | Time for sep!n: few hours
Type of bbdt: 184" all particles Equipment required: Centri-

Yield:

fuge, tubes, lusteroid cones,
HBS tank, NH3 tank, ozone
generator.

Eu approx. 15%

Degree of purification: Eu decontamination factor > lO4 from‘non-RE fission
and spallation products.

Adventaces:

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 earths.

(1)

(2)

(3)

(4)

(5)
(6)

(7) -

(8)
(9)
(10)
(11)

(12)

8/24/49

To aliquot of HNO, soln of target add 20 mg Ce, Eu and Y. lake
2N in HC1 with Zr, Cb, and Sr present and precipitate RE fluorides.

Dlssolve and reprecipitate RE fluorides from 2N HNO with
Zr and Cb present.

Scavenge twice with BiZS3 and Ru3 from 0.5 N HC1.

Precipitate RE hydroxides twice with NH, (CO -2 free) and Sr
present.

Precipitate RE fluorides from 2N HCl twice with Zr and Cb present.
Scavenge with Bizs3 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).

Displace air with O and CO, free N , reduce with Zn amalgam,
precipitate Y(OH)3 Zna Ce(Oﬁ) W1th NH,. Dissolve and reduce
again, reprecipitate hydroaldes.

Eu -~ Oxidize supernatents from hydroxide precipitations with ozone,
pre01nétate Eu(OH), with NH,. Dissolve in HCl, add Ce, reduce

to Eu'© and precipitate Ce(bH)5 Repeat separation cycle three
times. Precipitate Eu (C 0,); like Y, (c,0 ) and treat similarly.
Weigh as Eu, (C 0, ) 10% 0 (%4 6 mg per 216 & g Eu) Sce (58-2) for
ccrium scparatlon from thv samg target. In thesc bbdts, the amount

"of Y activity produccd wass 10”7 timos tho RE activity., 1-2 mg of

holdback carriers or scavenger; arc uscde P-18-263
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CHEMICAL SZPARATIONS
Element separated: Hafnium ’ Procedure by: Hicks,
Wilkinson
Target material: .Lu203 ' Time for sep™n: 1/2 hr.-1 hr.
Type of bbdt: 60" or 184" Equipment required:

lusteroid tubes
Yield: Very good

Degree of purification: very good

Procedure:

(1) Dissolve Lu in HNO 50 add carriers (see remarks), transfer to
lusteroid, ﬁeat in wauer bath and add 5 cc conc. HF.

\

(2) Digest LuFS, centrifuge, add several mg 1a*** to ppt IaF
centrifuge.

39 digest,

(3) Make 3 N in HNO, and HF (sol'n at room temp, sinee BaHst will not
dissolve if precipitated hot.) and add enough Ba' in the cold
to ppt BaHfF « Viash with water.

(4) Dissolve in HNOS-HSBO5 mixture (8-10‘y HNO, saturated with H BOS)
precipitate HfO2 with NH@OH, centrifuge and wash.

Remarks: About 20 mg samples of Lu O have 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 cerrier for Hf.

The BaHfF6 precipitation described here is specific for Hf and Zr.

6/25/49

P-18-13
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CHIEIICAL STPARATIONS
Element separated: Hafnium Procedure by: Hicks,

Wilkinson

Target material: Ta, HfO Time for sep'n: 1/2 hr.-1 hr.

2’

Type of bbdt: 60" or 184" _ - Equipment required:
Platinum dish

lusteroid tubes

Yield: very good

Degree of purification: very good

Procedure:

(1) Dissolve W, Ta, and Hf0, in HF and HNOS, transfer to lusteroid tube
and add carriers, (See remarks.)
mg
(2) Heat in hot water bath, add severel " to ppt LaFS, centrifuge,
repeat LaF5 ppbe

(3) Make supn 3 N in HNO, and HF, making sure solution is at room

. temperature foE BaHf§ will not dissolve if precipitated hot.
Add enough Ba' to completely precipitate BaHfF6. We.sh with
dilute HF and then water.

(4) Dissolve BaHfP in HNO,-H,BO, mixture (8-10 M HNO, saturated with
H,BO, )s Dreclplt&ve Hfd; m1th NH, OH, centrifuge and wash with water.

Remarks: Gram amounts of W and Ta are usually bombarded. HfO2 is bombarded in
about 20 or 30 mg samples.

Add any holdback carriers (of elements forming soluble fluorides
and Zr) neoessary here in mg amounts. 2Zr can be used as carrier
for Hf. '

The BaHfF6 precipitation described here is spscific for Hf and Zr.

6/25/49
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CHEMICAL SEPARATIONS
Element separated: Tantalum ‘ Procedure by: Hicks,
Wilkinson
Target material: Lu, 0, . Time for sep™: 1/2 hr-l hr.
Type of bbdt: 60" or 184" Equipment required:

lusteroid tubes
Yield: wvery good

Degree of purification: wvery good

Procedure:

(1) Dissolve Lu,0_ in HNO_,, transfer to lusteroid tube and add Ta carrier.

(Ta905 ney gpé but will dissolve in HF)

(2) Heat sol'n in water bath, add 5 cc conc. HF, digest for 2 - 3 minutes
until Tazo5 dissolves and flocculent'WF3 precipitates.

(3) Centrifuge, add several mg La''", digest flouride as above and
centrifuge. :

(4) Make basic with NH,OH %o ppt Te,0.

6/25/49

P~18-15
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CHEMICAL SEPARATIONS
Element separated: Téntalum - Procedure by: Hicks,
Wilkinson
Target matorial: W’Ta?Hf- A Time for sep'™m: 1/2 hr.-1 hr,
Type of bbdt: 60" or 184" o Equipment required:
Pt dish, lusteroid tubes
Yield: wvery good :
Degree of purification: very good

Procedure:
(1)
(2)

(3)

Remarks:-

Dissolve W, Ta or HfO, in HF and HNO, in Pt dish.

2 3

Transfer solution to lusteroid tube and add any holdback carriers
necessary. (Zr works well as carrier for Hf). I®ke solution

3N in HNO, and HF. Add enough Ba ~ to ppt white BaHI‘F6 comple tely,
centrifugeé, and repeat. \

Saturate solution with solid KF or KHF, to ppt KéTaF7 (white),
centrifuge, and wash with conc. KF solzn. '

W and Ta usually bombarded in gram amounts, Hf usually in lots

- of 20-30 mg. ‘

6/25/49

P=18-~10

This K’zTaF7 pptn specific for Ta and will not carry down Cb,
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74«1
CHELICAL SEPARATIONS
Element separated: Tungsten Procedure by: Hicks,
: Wilkinson
Target material: Tentalum Time for sep: 1/2 hr.
Type of bbdt: 60" or 1€4" ) Tquipment required:

Yield:

Degree of

Procedure:

(1)

(2)

(3)

(7)

Remarks:

8/25/49

P-18~16

Sep. funnel
Pt dish

1 100%

purification: Separates lO c/h completely from Ta ond spallation
products.,

Dissolve Ta in HF and minimum of HNO Add 20-30 mg W carrier
(No less).

Destroy all HNO, with hydroxylamine or hydrazine. Inke about 2N
in HCl, add 0.1l gm solid SnCl,, 0.5 gm NH4SCN, and HSB O to
complex all HF as HBF4 in that order.

Heat until a bright apple green complex appears, transfer to a
sep, funnel, ond extract twice with at least equal volume ethyl
acetate.

Ylash organic layer twice with equal volume ZIE'HCl, and evaporate
organic layer to dryness.

Take up the blue residue with 6 N HCl and 1 drop 30% H,0, (or
conc HNO,) and 1 drop aerosol. F%lght yellow WO procipitates
after digestion on a hot water bath.

Centrifuge and wash 170, with 6 N acid. Then dissolve in 1 cc
6N NHAOH, centrifuge and dlscard any ppt. Ferric hydroxide
scavenges (with 1/2-1 mg Fe'™™ ) may now be used for further
purity but usually are not necessary.

Add 5 cc cone. HNO, and 1 drop of aerosol, digest on a hot water

bath, centrifuge and wash V-IO5 formed with 6|§ acid.

WFS boils at 19° C so don't boil'target sol'n any more than neéessary.
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75«1
CHE#ICAL SEPATATIONS
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

lusteroid test tubes

Yield: v 100%
Degree of purification: very good

Adventages: Fast and easy with good purification

Procedure:

(1) Dissolve Wand Ta in HF with a minimum of HNO5 in platinum disk,
and Re carrier added.

() 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 cc 1 1 NaOH and 1 drop 30% Hy0, and transfer
to glass centrifuge cons.

(4) Scavenge twice or three times with FA(OH)3 (wilmg RV,

(5) Reprecipitate Re,8, from strong ECl solution (add 10 cc cone. HCL),
centrifuge and wash.

(6) This procedure gives excellent purity, but for additional purity,
the sulfide can be transferred to a still with H,S0, and the
volatile oxide distilled in o current of air and C“%Phlng the
distillate in concentrated NaOH,

6/25 /49

P-18=14



76-1
CHEMICAL SEPARATIONS
Element separated: Osmium Procedure by: Folger & Hicks
Target material: vA 4 g uranium metal Time for sep'n: i\ 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: U 104--105 from other fission products.

Advantages: Fairly rapid, simple method of obtaining Os from bulk of F.P.
aotivities. Operations are readily adaptable to semi-remote control,
and the activity level drops rapidly after the first separation.

Procedure: HAVE NO NOS" PRESENT BEFORE STEP 3.

(1) Use v"20 mg. Os carrier and dissolve target in conc. HCl under
reflux., Add o 5 mg Ge carrier and boil with conec. HCL (GeCI4 is
driven off.).

(2) Add I” and 103- (slight x's " g.”) and boil to remove I,.

(3) Add conc. HNO_, (Sol'n is already U\ 10 N in H'. Add HNO, to make
it V' 6 N in 10O “) and distill in an air stream. Catch 6504 in
6 N NaOH in an fce bath. (Gives orange sol'n).

(4) Pass in H,S to ppt 0sS, (black). Acidify with conc. HCL to «n 1 ¥
and centrifuge. Wash {Use Aerosol and heat to aid coagulation.
Addition of KNO, might help).

(5) Dissolve sulfide in conc. HNO, and redistill (distillation should
proceed from 8-10 N HNO, in ah air stream), Catch 0s0, in 6 W
NaOH in an ice bath.

(6) Repeat 4. (The wash may be made with 1~ 1 N HCl if desired).

(7) Dissolve the sulfide in conc. HC10,. Add Mo holdback (v 6 mg)
and 2 cc conc, H,PO, (complexes Mb%. Distill in an air stream,

catching Os04 in36 ﬁ NaOH in an ice bath.

(8) Repeat 6 and 7.
(9) Meke slightly acid with HCl, Reduce with Mg metal to some lower
oxidation state of Os (to prevent loss of 0sO,). Boil. Add Mg

and HCl as needed to completely ppt Os m.e_{_;al.4 Excess Mg may be
removed by washing with warm 2-6 N HCl., Weigh as 0Os metal.

P=l8=13%



Remarks:
(1)
(2)

(3)

(4)

8/4/49
Pf; =131
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CAUTION 0304
In step 4 an attempt is made to 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.

is extremely toxic!

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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CHEMICAL SEPARATIONS
Element separated: Osmium Procedure by: Chu
Target mterial: Rhenium Time for sep'n: ~ 20 min.
Type of bbdt: 60" : _ © DBquipment required:

Distilling flask
Yield: ~ 100%
Degree of purification: TFactor of 100 from other activities present.
Advantasges: Simple
Procedure:
(1) Pour the Re powder into the distilling flask.
(2) Add 10 mg Os carrier and close the flask.

(3) Insert the outlet tube of the flask into ice cold 6 N NaOH soln
(10 cc)

(4) 1Introduce 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 OsO4 for
about 10 min. )

(6) Neutralize ond then acidify the NaOH soln with 6 N HCl.
(7) Add 3 ec 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).

8/17/49
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TT7=1
Solution of Iridium metal

Plece Ir in glass bomb tube of 10 cc. volume cooled in liguid NZ'

Add 5 cc conc., HC1 and 0.5 gm NaClOS. Seal tube with other end in

liquid N2 and allow to warm to room temperature. Heat in furnace 300°C for

3 hours. Ir metal is dissolved to the deep red IrCl6=. :

Approximate tube dimensions:

k o

1

0. D. SASSSVS \\\\\\\\\x\%}
15mm (| , _ " AL TITTTTTY _
heavy
we.lled AL WL T V?l&;iegm'gu};:i;y
tubing "‘\\\\\\\\\\\\\\Ti"ijﬂ@' '

F 1%." ;’l

Ceution: Place tube in iron pipe plugged at both ends upon removal from

liquid Nz; Danger of tube exploding during the heating.

Remarks: See E. WVickers, W. G. Schleet & C. L. Gordon

Je. Nat. Bur. Stand. Research 33, 363 (1944)

Ficlks and 7ilkinson

Peu18u27
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77-2
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) Equipment required: Small

porcelain crucible.
"~ transfer pipettes, centrifuge
tubes

Yield: W50% (depending on step 3)
Degree of purification: A%t least factor of 100.

Asdvantages: A simple, reasonably fast procedurc for solution and separation
with a target metal (Ir) extremely resistant to dissolution in aqua
regia.

Procedurc:

(1) Dlike a melt of KOH and KNO, (approx. 50-50, 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 wAS5 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) Add a little SnCl, solution in HCl to the aquecous phase until a
dark red coloration ( PtC14) indicates the reduction of Pt from

+4 to +2 state is complete. (See remarks.)

(6) Extroct the red coloration (Pt) into ethyl acetate. ilash organic
layer twice with equal volume of 3N HCL.

After complete removal of Au and Pt, Ir can be extracted as follows:

(7) Reoxidize the aqucous phase from above by add%?ion of a small
amount of 30% Hy0, ¢ (Reappearance of blue Ir ~ coloration.)

(8) Add a little NH, SCH solution. (Blue changes to beautiful pink.)
A precipitate of (Ir)_(SCN). forms slowly. (The rate of pptn is
slow enough that one ﬁay m¥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 orucible) that the whole solution
will gel if allowed to stand.

The pink compound ppts from the ethyl acetate on standing.

Remarks:

As most Ir foil contains about VW17 Pt impurity, it is well %o provide
a step for extraction of Au activities, whether or not the Au is desired
for later work, even if it is simply a proton bombarded Ir foil,

On SnCl, reduction the strong blue coloration of Ir(+6?) disappears,
permitting the red of reduced HQPtCl4 to be scen.

By spending morc time leaching the melt in (3) and by using several
portions of leaching agent the chemical yields might be made almost
guantitative.

7/27/49

P-18-115
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77-3
CHEMICAL SEPARATEONS
Element scparated: Iridium Procedurse by: iolfe
Terget mterial:  Uranium metal (~+ 1 gm) Time for sep'n: ~s1 1/2 days
when scparatod with
Pt and Rh
Type of bbdt: 388 Mev alphas ' Equipment required: Special

distilling flask,
centrifuge, scp. funnels

Yield: 3-5%

Dogree of purification: &t least lO4 from all fission products except
rhodium.

Procedure:

(1) Cub out the central portion of the tnrget and boil with conc HC1
to dissolve it and to expel Ge. .

(2) 4dd 5mg I and IO3 and boil the solution again to expel iodine.

(3) Add 20 mg Os, Ir, Pt and Au carriers plus 20 mg B, Ruy, Rh 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 thistlc tube, and distill 0s0, into 6 N NaOH in
an ice bath. (Save for Os detcrmination (76- 1%

(5) Place the residue from the Os distillation in a beaker, add 10
ml 70% HC10, and boil the solution to fumes of HC10, %o expel Ru.

(6) Dilute the solution, add 5 mg more Ru carricr, and 5 mg more I and
IO5 and repeat the fuming. :

(7) Add onc ml dilute HC1, dilute the solution to 4 N and extract twice
with equal volume butyl ccetate to docontaminate from Hg and from
Au.

(8) Dilute the solution to /0.5 W in H', add 5 ml dlmethylglyox1me
solution (1% in alcohol) and Tilter off the palladium ppte.

(9) Add conec HCL to Lfupn %o moke ~5N. Ldd SnClz dropwisc until the
cherryred of Pt " is apparont.

(10) Extract the Pt with threc equal portions of butyl acetate.

(11) Fume the aqucous layer with HC1l0, to preparc for the pyridine

- extraction of Rh and Ir. (CAUT16N Sim e the solution contoins
organic matorial (dimethylglyoxime and butyl acetate), carec must
be taken to avoid an explosion. Following tho method of Noyes
and Bray for dostroying organic materinl with HC10, add HNO, %o
the solution, evaporate on & steam bath for one-haIf hour, %hcn

P-18-249



(12)
(13)

(14)

(15)

(16)

(17)

(18)

(19)

(20)

(21)

(22)
(23)

(24)

(25)

Remorks:

V01l UU7035$59
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heat gently to fumes of HCl0,. Add on additional 10 ml of HC1O
and fume thc solution stronzly for several minutes to destroy %he
chloride complex of Rh and Ir. :

Cool thc solution, dilute to 4 N and add 20 ml pyridine.
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 %o keep the volume low.)

Wash the dark blue pyridine layer threc times with equal volumes
of dilute HCl, scparating the layers each time with 6 N NaOH.

Add a fow drops of 6 N NaOH to the pyridine layer and svaporate
the pyridine off. ,

Pass H,S into the boiling alkaline solution for several minutes,
while The solution is acidified dropwisc with HCl. Sulfides of Rh
and Ir ppt.

Dissolve the ppt in a little aqua regia, and fume strongly with
cone H2804 to convert completely to the sulfatc complex.

Dilutc the solution with water twenty to onc, boil and ppt Rh metal
by adding TiCl3 dropwise until a very slight cxcess is present.

Dilute the supn (contaiming Ir) to 0.5 N in H'; cool in ice and
ppt Ti with cupferron. Filter off.

Add 5 mg PA and Pt carriers and ppt the Pd dmg. Discard.

'Heat the supernatont to boiling and neutralize to the brom cresol

purple ond-point with NaHCO, solution, adding bromatc to oxidize
the iridium up %to the plus %our state. Hydrated IrOz is precipitated
loaving Pt in solution.

Dissolve the ppt in a little cone HCl, and add a fow mg of Rh carricr.

Fume with H,S0, and rcpeat the Rh pptn with TiCl, (stops 18-21).
Although thé TiCl, pptn of Rh liaves only about 6.1% of the Rh in
solution, Rh activity may be 10~ times as high as that of Ir

and hence a singlce scparation may still leave several times as much
Rh activity in solution as Ir activity.)

After the Rh pptn, ppt meballic Ir from the HCl solution of the
Ir02 by addition of powdered magncsium.

Weigh the Ir %o determine chemical yield and count.

Rh, Ir, and Pt should bo scparated from one bombardment lcaving Os, Ru
and Pd for a sccond bombardment unless several pcople arc cooperating on
the procecdure.

The yicld of activity of Os, Ir, and Pt is very low in compoarison with

P-18=248
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77-3 (poge 3)

that of the other platinum metals and many othcr fission products formed
in the bombardment. This fact necessitates, for Ir and P4, rigorous and
repcated decontamination procedurcs which result in low chemical yields.

For other platinum metol-fission product scpoarations scos

Platinum; 78-3
Osmium; 76-1
Ruthenium; 44«2
Rhodium; 45-1
Palladium;46-5

This procedure should be practiced scveral times before actunlly applying
it to a bombardment, since in scveral of .the steps the conditions for
separation are quite critical. For this rcason and for its poor chemical
yield, this procedure is not considered o good procedurc. To date, howover,
it is the best procedurc that has been worked out for moking the required
scparations. It is an acceptoble procodure from which some radiocactivity
dota may be obtained and can scrve as a starting point for work on other,
better procedurcs.

8/17/49

P-18-247
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77-4
CHEMICAL SEPARY IOHS
Element separated; Iridium Procedure by: Chu
Target matericl: Rhenium Time for sep'n;~ 1 hour
Type of bbdt: 60" Equipment required: distilling
flask

Yield: 70%
Degree of purification: Tactor of 100 from other activities present
- Advantages: Simple
Procedure:
(1) Pour the 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.

3

(5) Supply a little air through the inlet tube and heat the flask
gently for the solution of Re and the distillation of 0s0, for
about 10 min.

6) Add 10 mg Ir carrier to the Os-removed "target" soln and evaporate
g p
to dryness. '

(7) Takebup the residue with 3 cc HZO and add 5-6 cc conc. formic acid.
(8) Heat in boiling 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 separation from sme target see (76-2).
Is

8/17/49

Pul8=243



OO0 1 007035962

78-1
CHEIfICAL SEFARATIONS
Element separated: Platinum Procedure by: Wilkinson,Hicks
Target material: Pt, Ir, Au, Hg Time for septn: 1 hr.- 4 hrs,.
Type of bbdt: 60", 184" bombardments Equipment required:
sep. funnel

Yield: v\ 100%

Degree of purification: Decontaminates well from Au, Ir, & Hg

Advantages: Carrier free Pt can be obtained pure.

Procedure:

Eed

(2)

(3)

(4)

(5)

Remorks:

6/25/49

P=18=17

Dissolwve targets (except Ir) in HCl with minimum of HNO, . (For Ir
see 77~1).

Add Au, Hg, Pt & Ir carriers as needed. Extroet 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 sxtraction.

Destroy 2ll nitrate with hydroxylamine, or hydrazine, then add 0.1
gm. SnCl,. Centrifuge out any ppt (Hg Cl,). The red color is

PtCl4 which is extracted into ethyl aceta C .

Organic layer is washed twice with equal volume 6 N HCl, then
eveporated to dryness.

Residue is token up in 2 N HCl, Pt metal is precipitated with
magnesium metal in form of powder or dust. (Don't usc Zn since
forms slow dissolving sponge.)

See G. Wilkinson, Phys. Rev., 73, 252 (1948). Also see G. Vilkinson,
Phys. Rev. 75, 1019 (1949) o
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78-2
CHOHMICAL SEPARATIONS
Element separated: Platinum Procedurc 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

Yicld: wN 70% depending upon step (3)

Degree of purification: at least factor of 100

Advantages: A simple, reasonably fast procedure for solution and separation

with a target metal (Ir) extremely resistant to dissolution in aqua
regia.

Proccdure:

(1) Make a melt of KOH and KNO, (v 50-50, not critical) in a small
porcclain curcible, 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'oool, then leach for vw5 min. with conc. IHCl,
adding Au and Pt carriers in small amount. (Ir gives strong
bluc tolored sol'n)

(4) Ixtract twice with ecthyl acetate to remove Au.

(5) Add a little SnCl, solution in HCl to the agqueous phase until a
dark red coloration (H§Pt01 ) indicates the reduction of Pt from

+4 to +2 state is complete (Sec remarks.)

(8) Extract the red coloration (Pt) into eth&l acctate. Wash organic
layer twice with equal wvolume of 3N HC1.

(7) Plate organic layer & flamec.

Remarks:

P-18~1%7

As most Ir foil contains about WA 1% Pt inpurity, it is well to provide
a step for extraction of Au activities, whether or not the Au is
desired for later work, even if it is simply a proton bombarded Ir.

On 8nCl, reduction the strong blue coloration of Ir(+6?) disappoars,
permitting the red of reduced HthCI4 to be secen.
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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
quantitative.

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 procedurc.

7/27/49
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78-3 .
CHEMICAL SEPARATIONS
Elcment scparatced: Plotinum Proccdurc by: TWolfe
Target materiol: Uronium metal (~s1 gm) Time for scp'n: ~s1 1/2 days

when scparated with Ir & Rh.

Typc of bbdt: 388 Mev alphas Equipment roguired: Special

distilling flask, contrifugo,
sop. funncls, standard

Yield: ~v 5 %

Degree of purification: At least 104 from all fission products. No impuritios
- dctected in radioactivitics. '

Procedurce:

(1)
(2)
(3)

(4)

(5)

(6)

(7)

(8)

(9)

(10)
(11)

(12)

(13)
P-18-180

Cut out the contral portion of the target and boil with concentrated
HC1l to dissolvc it and to expel Ge.

Add 5 mg I and 105“ and boil the solution again to cxpecl iodinc.

4Add 20 mg Os, Ir, Pt, and Au carricrs plus 20 mg Ba, Ru, Rh and
Pd carricrs. Withdraw a 20% aliquot for later detcrminations of
Ba, Ru and Rh.

Placc the remaining solubtion in a special all-glass distilling

flask having o thistle tube ontry and an air cntry. Add concentrated
HNOQ, through the thistle tube, and distill 0s0, into 6 N NaOH in

an Yec bath. (Save for Os determination (76-17). =

Plrnce tho residuc from the 0s distillation in o beaker, add 10 ml
70% HC10, and boil the solution o fumes of HC10, to oxpel Ru.

Dilutc the solution, add 5 mg morc Ru carricr, and 5 mg morc I and

103’ and repeat the fuming.

Add onc ml dilute HC1l, dilutec the solution %o 4.ﬂ and cextroct
twice with cqual volume butyl acetate to decontaminate from Hg
and from Au.

Dilute the solution to ws/0.5 N in H', add 5 ml dimethylglyoximo
solution (1% in alcohol) and Filter off the palladium ppt.

Add cono HCL to_supn to moke ns 5 N. Add SnCl, dropwiso until tho
cherryred of Pt is apparcnt.

Extract the Pt with three cqual portions of butyl acctatc.

Wash the platinum out of the organic layer with 6 N NeOH, acidify
to 5 N HCl and reextract into butyl acctatc. Repoat eycle.

Wash Pt from organic layer into 6 N NoOH and ppt PtS from this
alkaline solution gradually acidificd to 6 N.

Dissolve the sulfide ppt in aqua regia, mako alkaline and scavenge
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twice with 5 mg pptns of La(OH)z.

(14) Buffer - tho'supn with acctate and scavenge three timos with
1 mg pptns of Mo and Pd with 8~hydroxy quinolinec.

(15) Make solution acid and ppt platinum metal with powdcred magnesium.
¥oigh the metal to detorminc chomical yield and plate.

Remorks:

Rh, Ir and Pt should bc separated from one bombardment loaving Os, Ru
and Pd for o sccond bombardment unless scveral pcople arc cooporcnting on
the proccdurc.

The yicld of activity of Os, Ir, and Pt is very low in comparison
with that of the other platinum metals and many other fission products
formed in the bombardment. This fact nceessitates, for Ir and Pt, rigorous
and repeated decontamination procedurcs which result in low chemiecl yiclds.

For other platinum metal-fission product scparations sco:
Iridium: 77-3
Osmium: 76-1 .
Rythenium: 44-2

Rhodium; 45~1]
Palladium; 46-5

8/16/49

P-18-179



79-1
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" oyclotron Equipment required: sep.

funnel

Yield: 4 100%
Degree of purification: Decontaminates well from Pt, Ir & Hg.

Advantagess Carrier free Au can be obtained pure within 15-20 min. after
solution of target.

Procedure:
(1) Dissolve Pt, Au, or Hg in aqua regia.
To dissolve Ir metal: (see 77-1).
(AuCls carrier may be added here)
(2) Chloride ion must be greater than 6 N (Hg extracts), and the
solution shaken with an equal volume of othyl acetate (gold in organic
layer) and layers separated.

(3) Yash ethyl acetate layer twice with equal volume 6 N HCI.

(4) Evaporate ethyl acetate layer to dryness & take up residuec in 1 N
HC1. | | -

(5) Bubble in SO, to reduce Au'® to Au in the hot.

Remarks: Soe: G. Wilkinson, Phys. Rev. 73, 252 (1948)
See also: G, Wilkinson, Phys. Rev. 75, 1019 (1949)

‘6 /25/4é

Pul8m26
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79-2

CHEMICAL SEPARATIONS
Element separated: Gold Procedure by: R. W. Fink
. e
Target material: Tracer mercury -Time for sep'n: U 10 min.

Type of bbdt: Iiilking experimert
Yield: Can be quantitative if several extractions made.
Degree of purification: at least los_from Hg activity preéent.
Procedure:
(1) Take Hg tracer in 4 ml of V1 3 ¥ HCl and extract with 500 hof
isoamyl acetate. (The presence of at least 0.1 N C1° is required

for a sepn from Hg) - Au into the organic layer.

(2) Vash the organic layer with equal volume sat NH Cl sol'n to insure
sep'n from Hge

(3) Plate organic layer for Au sample.

Remarks: T1 if present will follow Au in the solvent extraction.

7/12/49
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79-3
CHERICAL SEPARATIONS
Element separated: Gold (quick procedure) Procedure by: Thompson &
A Rasmussen

Target material: Gold in leaf form (.004 mil) Time for sep'n: 4-10 min.

Type of bbdt: 184" High engrgy protons. Equipment required:
Centrifuge tube. Ilicro-
pipettes

Yield: «m 100%

Degree of purification: 'Adequate separation from Hg and spallation products,
at least factor of 50.

Advantages: Extreme speed and simplicity combined with reasonable purification.
Procedure:

(1) Dissolve Au in warm BN aqua regia (2N HNO

4 HC1) in centrifuge
tube. Work in small Volume (1-2 ml.)™ =

3’

(2) Agq hold-back carriers for Hg, Pt, Ir, and Os (u»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 organic phase.)

(4) ' Vlash the separated ethyl acetate phase once or twice with 6 N
aqua regia, (Any wash of hich chloride concentration serves " to
remove Hg, although Tl if present may not be entirely washed out.)

(5) The solution of Au in ethyl acetate may now be rapidly evaporated
on a plate for counting or subjected to further specific gold
chemistry.

Remarks: A further procedure of very specific gold chemistry, according to
Wilkinson, but of lower yield 50% is as follows: Precipitation of
Au as the metal by SOz reductlon, bubbling SO, through a warm 2§ HNO
solution of the ' dissolved gold.” The ppted Au can be
redissolved in aqua regia & extracted with ethyl acetate for counting.

3

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 2y HNOg, or (b) adding 1 N KOH to ethyl acetate -
Au sol'n, taking Au back into“aqueous phase (and also introducing

loss by formation of some insoluble Au oxide), then separating the
phases and making the aqueous about zzzacid by adding HNOS.

7/27/49
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79-4
CHEMICAL SIPARATIONS
Elemont separated: Gold Procedurc by: Thompson &
Rasmussen
Target material: Iridium foil : Time for sep'm: 20 min-1/2 hr.

Type of bbdt: 184" (any encrgy)
Yield: Ww\70%, deponding on leach
Degree of purification: at least 100

Advantoges: A simple, rcosonably fast procedure for solution and scparation
with a target metal (Ir) oxtremcly rosistant to dissolution in aqua regia.

Proccdure:

(1) Make a melt of KOH and KNO, (.50-50, 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 gots ‘oo small) until the metal
is completely dissolved. (for a smnll strip of 1 mil foil this
should take no longer than 5-10 min.)

(3) Allow flux to cool, then leach for w35 min. with conc. HCl, adding
Au and Pt carriers in small amount. (Ir gives strong blue colored
soltn)

(4) Extract twice with ethyl acctate to remove Au.

(5) Combine organic layers and wash twice with equal volume 3N HC1.

(6) Plate organic layer and flame.

Remarks:
As most Ir foil comtains about 1% Py impurity, it is well to provide
a step for extraction of Au activities, whether or not the Au is desired

for later work, cven if it is simply a proton bombarded Ir.

On 8nCl, rcduction the strong blue coloration of Ir(+67) disappears,

permitting the red of reduced H2Pt014 to be seen.

By spending more time leaching the melt in (3) and by using several
portions of leaching agent the chemical yields might bo made almost
quantitative.

For Ir sep'n from same target sce (77-2).

For Pt sep'n from same %target sec (78-2).

Tl if prescnt should be checked for interfercnce with this procedurc,

7/27/49
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80-1
CHEMICAL SEPARATIONS
Element separated: Hercury Procedure by: R. W, Fink &
D. G. Karraker
Target material: Platinium Time for septn: 60 minutes
Type of bbdt: 65 lMev a~particles for Bquipment required: Standard
3 hours

3

Yield: n 70%

Degree of purification: Excellent - factor of at least 100 from activities
present.

Procedure:

(1) Pt tarpes dissolved in 4 cc aqua regia in a porcelain crucible,50 p
gr Au and Hg carriers added. Sol'n evaporated to expell HNOS.

(2) 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.

(3) The aqueous layer has excess $nCl, added to ppt Hg,Cl,. The Pt is
reduced to a beautiful red Pt color. The ppt is“washed until free

of this color.

(4) The ppt is dissolved in dil. aqua regia and used as the mercury
fraction.

Remarks: (a) Recycling will improve purity, élthough this method has been
shown to give excellent radiochemical purity.

7/14/49
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80-2
CHEMICAL SEPARATIONS
Element scparated: Mercury ' Procedure by: R. W. Fink
Terget material: nga Time for sep'n: 70 min.
Type of bbdt: 60 Kev protons Equipment required: Standard

Yield: DNear 80-90%

Dezree of purification: Excellent - factor of 100 from activities present.

Procedure:

(i) The gold target is dissolved by heating in 4 cc hot, conc. aqua regia.
Pt and Hg carrier (Solxg) are added. Five or more extractions with
isoamylacetate, 3 cc each portion are made. The Gold will be found
in the organic layer.

(2) The agueous layer is boiled to near drvness with conc. HCl to expell
HNO,, and excess SnCl +gdded to ppt. HgZClz, which is then washed
until free from red P% color.,

(3) The Hg,Cl, ppt is then redissolved in 2 cc dil. aqua regia, and
used as the mercury fraction.,

Remarks:

() The isocamyl acetate extraction. of gold from mercury is gquantitative
in presence of 0.1 W or more chloride. This is the method used to
milk gold daughters from the mercury fraction.

7/12/49
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80-3
CHEMICAL SEPARATIONS
Element separated: DMeroury Procedure by: R.Y, Fink &
Se G. Thompson '
Target material; Gold or platinum Time for sep'n: from 1l %o &

mine

Type of bbdt: Protons on gold or a-particles Equipment required:
on Pt, but not vice versa mercury volatilizer (see
‘ astatine boiler)

Yield: ZEnough aetivity to work with but by no means quentitative. For more
yield heat longer. -

Degree of purification:; Extremely pure.

Advanta~es: For short Hg half-lives when quick samples are desired for
counting. Definitive purity.

Procedure:

(1) The tarret is introduced into the chamber of the lfercury 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 vaporlzed by a bunsen flame, and is collected in
high specific activity on the plate.

Remarks:

(a) Caution must be exercised not to open the vaporizer until it has
thoroughly cooled, lest the hands become covered with urwashable
mercury activity which spews forth when the vaporizer is hote

(b) The vapor pressure of Hg at only 400°¢ 1s 1674.1 mm of Hg, over
2 atm.; while that of molten gold av 1292° ¢ is only 0.001 .
Hence, at 1000° K, & complete separation is attained.

Tl if present will follow the Hg in this procedure

7/12/49
P=18»55
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80-4%
CHEMICAL SEPARAT IONS
Flement separated: IlNercury Procedure by: Prohaskas
Target material: Au Time for sep™n: Two or more
days
Type of bbdt: Neubron canture Equipment required: separatory
in pile . funnels, + ordinary beakers,

flask, etc.
Yield: ? probably 60-80%
Degree of purification: n+ 95-98%
Advantages: 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. HC1l:
and minimum HNO under (air cooled) reflux condenser.

(2) Vhen samnle comple tely dissolved, dilute to 500 ml (approx
6 I il ). Extract with four successive 200 ml portions of ether.

(3) Add NaOH to H,O0 portion until pH = 1. Add H,S and ppt Au,S, + HeS.
Centrifuge.

(4) Dissolve HzS + Au,S, in (minimum) 6 N HC1 + drons conc. HNO,,
volume of solution should be less than 100 ml at this point.

(5) Extract with successive 50 ml portions of ether until no yellow
color of AuCl4' observable in HéO poertion.

(6) Extract with 2 additional 50 ml portions of ether.

(7) Again reduce pH to ¥ 1 with NaOH and ppt HgS with HyS.

(8) Repeat the solution and extraction procedure.
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 yisld“of Hg separated.

It appears doubtful that purity of Hg reported would be increased by
fur ther solution and extraction.

8/24/49
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81-1
CHEMICAL SEPARATIOﬁS
Element separated: Tha 11ium Procedure by: Brooks
Target material: HgNO3 Time for sep'n: 5 min.
Type of bbdt: Linac 2 min. of 30 Mev Equipment required: 40 cc
protons test tube
Yield: 20%

Dégree of purification: good

Advantages: Fast -

¢ Procedure:
(1) Dissolve target in 20 cc sat. KI (hot)

(2) Add 2 cc of H,O containing 20 mg T1 NO Shake well.

2 3
(3) Pour off'HgI4= soltn, dry ppt and count.

Remarks: HgNO, decomposes somewhat even in & 2 min. bombardment.
Don?% use it in a oyclotron!? The Linac targets are not
in & vacuum.

6/16/49
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81-2
CHEMICAL STPARATIONS
Element separated: Thallium Procedure by: Orth & lMeinke
Target matérial: Gold foil , | Time fér septn: Vv 30 min.

Type of bbdt: 60" o bbdt, Equipment required: Standard
Yield: un 90%

Degree of purification: At least factor of 10 from other activities present.

Procedure:

(1) Dissolve Au target in aqua regia (1:9 HNO, to HCl) add (5 me. T1%

. ++ . 3
carrier gnd 5 mg Hg  carrier.

+

(2) Ada NH,OH'HCl, ppt Au metal & reduce to ng+ , 117,

(3) Neutralize with Na,CO, (keep cooll) ppt Hg,COg4.

(4) To sup'n add sat. soln of KI or few drops of HI, precipitating T1I.

Remarks: The 90% yield can readily be obtained if the Tl is plated from' the
sol'n of (3). If the Tl is ppt as T1I yield may bhe only e 75%.

7/12/49
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81-3
CHEMICAL SEPARATIONS
Element separated: Thallium Procedure by: Neumann
Parent material: Lead Time for sep'n: 10 min.
Milking experiment Equipment required: no

special equipment
Yield: ~ 96%
Degree of purification: ¢ 0.01% Fb contamination
Advantages: Extremesly 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 %o insure oxidation of Tl to T1*'*.Stir solution
wntil 1oss of brown color. ‘

(2) Add 10 ml of HCl saturated diethyl ether. (The ether can be
conveniently prepared by shaking with conc. HCI and allowing the
two layers to stand in contact until ether is needed). Stir about
3 min. Centrifuge. Remove ether layer containing the T1™F,

(3) Extract a second time by seme method. Combine ether layers.

(4) Wash ether with 10 ml portion of 6 N HCl. Centrifuge. Transfer
ether to new tube.

(6) 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 to
dryness and taoke up residue in desired volume of water. Addition
of a drop HNO3 and heating will help in obtaining complete solution.

Remrks:

71" does not extract. Addition of KMnO, to insure oxidation %o ittt
is impor tant.

Since the time for separation is quite long for a milking procedure,
the steps prior to inal separation should be done at the same relative
time intervals in each milking.

Two extractions give > 99% yield. The washing with HC1 removes ~4%
of Tl. The overall yield of Tl is reproducikle. 3 yr TL” " can be
used converiently as a tracer to determine chemlcal yield.

8/12/49
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82-1
CHEMICAL SEPARATIONS
Element separated: Eégi Procedure by: Karraker
Target material: Thallium ' Time for sep'n: w1l hour
Type of bbdt: 60-80 Yev D' or H 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

P-18=68

Dissolve T1 target in 6 M H,80, thc smellest amount possible.
Add o mg Pb carrwer, .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, %ill fumes of SO2 appear and the solution
is quite concentrated.

Dilute carefulTy with 2 volumes of HZO PbSO,, white ppt, appears.
Wash ppt with ITHZSO s bthen with H_ O. If désired, this may be
dissolved in NH Ac and reppted as Pbéro . However, it is usually
sufficiently pure without further steps.

Add cone H,_SO, to water, not water to acidl!
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' 82-2
CHEMICAL SEPARATIONS
Element scparated: Lead Procodurc by: Neumann
Parcent material: Bismuth (20 mg or less Time for sep'n: 5 min for
: carrier) separation, 15 min. for
purification
Milking experiment - Equipment required: no

/ special cquipment
Yield: ~J 85%
Degree of purification: €0.05% Bi contamination
Procecdurc:
Bi purificd, final step being 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 foew drops conc. HNO,. Add 10 mg Pb carricr (prcferably
Pb(NO,),. 4dd 3 drops conc. HC?. Dilute %o ~ 8 ml.

(2) Add NH, dropwise until poermanent precipitate just forms, and then
HNO5 dropwisc until solution just clears.

(3) At desired time for milking dilute to 45 ml and heat in water bath
for a few minutes. Fine crystals of BiOCl should form. Centrifuge,
and retain BiOCl for futurc milkings.

(4) To the supcrnatent add a drop of NH,. 1If the solution remains
clear you have obtained a good separation.

(6) 4dd 2-3 ml of Na CrZO solution to cause prceipitation of PbCrO4.
Centrifuge, and ﬁisca?d supernatent.

(6) Dissolvc PbCr0, by addition of 2 ml 4 N HC1 and one drop 30%
H202. Heat in"water bath to dostroy excess Héoz.

(7) Add 20 mg inactive Bi carrier and repeat BiOCl separatiqh bylabove
methods. Repecat precipitation of PbCr04.

(8) Dissolve PbCr0, as in step (6).
(9) Dilutc to any desired volume and mount aliquots for counting. The
rcsults are roproducible, and chemical yicld determinations arc

not necossary. If the latter are desired, procccd with step 10:

(10) 4idd 5 ml conc HZSO4. Evaporate to fumes of SO,. Resulting volumo
will be 2-3 ml. Cool. Dilutc carcfully to ~ 40 ml. Cool. Filter,
dry, and weigh Pbsoé.

P-18-147
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82-2 (page 2)

Remarks:

Any single precipitation of BiOCl under these conditions gives a
yicld of 98-99% Bi, with 8% of the Pb retnined with the Bi. Ono Bi
scavenge of the scparated Pb should be sufficicent purification from
the parcnt.

In calculating the life of the parent from consecutive milkings of
the same Bi solution corrcction should be made for the 8% of the daughter
rctained with the parcont. R

Purification of Pb as PbSO4 gives varying yiclds, and dotermination of
chemiocal yicld by weighing is necessary.

Thore the Pb fractions will be further milked for Tl (81-3) stop at
step (8).

8/12 /49
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82-3
CHEMICAL SEPARATIONS
Elcment separated: Lead Procedurc by: Karraker
Paront moterial: Polonium  Time for sep'n: 5 min.
ilking Experiment Equipment rcquired: Staondard

Yicld: 95-100%
Degrecc of purification: faotor of 106 from Po with two washes.
Procecdurc:

Po is in 20% tributyl phosphote in dibutyl cther mixturc. To milk
solution: '

(1) Extract with ogual volume of S‘EIHCI. Bi & Pb go inte wator phaso.

(2) Wash HCl extract twice with 1/10 its volume of tributyl phosphato
solvent. Add the first portion to the Po solfn, then discard 2nd
portion.

(3) 144 1/2 mg Bi and 1/2 mg Pb carricr, (pptn mdc from ~ 4 cc volumes.)

(4) To separate Bi and Pb, the procodurc is almost identical with that
of Neumonn. (82-2).

(5) Thallium daughters of the Fb may be separanted by oxidation and
extraction 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 bhdt: protons or deuterons Equipment required: no special
184" or 60" ~ equipment

Yield: see remarks

Degree of purification: Good separation from Pb and Tl at least factor of 104.
Interference from noble metals.

Advantages: Rapid separation when looking for short half-lives. Prepares
carrierless samples for pulse analysis, or high specific activity
samples for mass spectrograph or f-ray spectrometer.

Procedures

issolve rget in , . eep volume as sma as .possible.
1) D lve Pb target in 6 N HNO3 K 1 11 ibl
Add water if necessary to give complete solution.

(2) 4dd 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 continuously %o obtain
highest yields. See remarks.

(4) a counting and pulse analysis can be done directly from Ni foil
after washing well and drying. Ni foil should be given protect-
ive coating (label shellac is satisfactory) on one side so that
activity plates on only the unprotected side.

(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 ENQ,. Add 50 y grams
Bi carrier and 20 mg la carrier. Precipitate La%OH)3 and Bi(OH)5
by addition of NH,. ‘Jash precipitate with water and 1l drop NHS.
Dissolve in few drops HCl, dilute to 0.3 N HC1, and pass HéS into
solution. 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 slowly 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 mnde if it is produced

in bombardment.

8/12/49
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83-2
CHEMICLL SEPARATIONS -
Elcmont scparated: Bismuth Proccdurc by: Karraker
Poront moterial: Polonium Time for scp'n: 5 min.
Milking exporiment Equipment required: Standard

Yicld:

95-100%

Degree of purification: Foctor of 106 from Po with two washes

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 cxtract 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~ 4 cc volumes).
(4) Toscparate Bi and Pb, the procedurc is almost identical with that
used by Neumann (82-2).
(5) Thallium daughters of the lecd mey be separated by oxidation and

8/12/49
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extraction with ether (81-3).
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83=3
CHEMICAL SEPARATIONS
Flement separated: Bismuth Procedure by: lkinke
Parent medterial: Tracer Eh228 and daughterg Time for sep'n:rs 1 1/2 hours
Milking experiment Equipment required:
Centrifuge, stirrers,
tank H,S

Yield: ~» 60%

Degree of purification: Factor of at least lO5 from Pa and at least 100
from sther activities. Factor of at least 5 from Ph.

Disadvantages: Gives a thick plate - rather bed for alpha pulse analysis.

Procedurc: Furified tracer Pa in benyene - TTA solution (procedure 91-1
with DIPK and TTA extractions only).

(1) Stir organic layer 10 min with equal volume 6 N HCl (daughtor
into acid layer - most of Pa remains with orgunlc layer).

(2) “Tash the acid layer three times with double volume .4 M ITA in
benzene, stirring 5 min each. (Removes Pa ).

(3) Dllute acid layer to ~s 2 N and add v 1/2 mg Bi carrier, Bubble in
S gas to ppt Bi and Pb sulfides. Centrifuge.

(4) Agein add 1/2 mg Bi carrier and repeat sulfide pptn. Centrifuge
and combine ppts of (3) and (4).

(5) Dissolve sulfide ppts in .few drops hot conc. HCl. Dilute to at
least 1 N acid and reppt sulfides by bubbling in HZS' Centrifuge.

(6) Repeat step (5), four times.

(7) Dissolve sulfide ppt in few drops conc HCl,dilute to ~/ 6 cc and
boil to rid solution of HZS'

(8) Add 1 mg Pb carrier and ppt PbS0, by adding some so (sto ,
(1= )ZSO , etc.) Discard preplcltate.

(9) Repeat step (8) three times.

273

(11) Dissolve the Bi.S, in hot conc. HC1l, dilute to known volume and
plate aliquot for counting. Caution: Do not flame the BlCl
plate or much of the activity may be lost.

(10) Add Hés to supn from last pptn and centrifuge out the Bi,S, formed.

P-18-137
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Remarks:

In step (8) if the acidity is groater than 2 ¥ the Bi will not ppt.

See Prescott and Johnson's Qualitative Chemical Analysis (1933)
. p 157 Tor notes on PbSO4. '

In some expcriments no Bi'=Pb sepn is required and the solution of
step (7) con be plated directly. '

8/9/49
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84-1
CHEMICAL SEPARATIONS
Element separated: FPolonium Procedure by: ZKarraker
Target material: Lead Time for septn: 1 1/2 - 2 hrs.
Type of bbdt: 380 Mev He'® : Equipment required: 80, tank

Yield:

2

80-90%

Degree of purification: WVery good - less than 1% impurity.

Advantages: Po is separated in a carrier-free state.(!)

.
Procedure:

(1)
(2)

(3)

(8)
(6)

(7)

(8)

(9)

Remarks:

Dissolve target in 6 X HNOS.
Heat over a burner until the solution is evaporated to conec. HNO
(fuming). Pb(N03)5 ppts and may be centrifuged off. Extract

twice with equal volume amyl acetate. This removes T1, Hg, & Au.

Add 1-2 mg Bi & Tl holdback, then fume with HCl (over a burner)
till HNO, is destroyed. It will be necessary to take the solution
dovn to 4 very small volume, add about & or so portions of conec.
HC1l to accomplish this., Dilute the solution by adding 2 volumes
of H,0.

2

Add (5 1 mg Te carrier. Ppt Te with a few drops of conc SnC12 soln.
Centrifuge the Te off. This ppt carries Po and At.

Dissolve Te in 1 drop conc. HNO,, then add 1/2 cc conc. HCI.

Pass in S0, from tank into sol'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 he necessary to use Aerosol to coagulate
or transfer sol'n to several test tubes to eliminate Te.

Extract sol'™ with an equal volume of 20% tributylphosphate in
dibutyl ether. Po gocs into the organic layer, Vash organic

layer twice with 6 N HC1 to thoroughly decontaminate from Bi.

Semple may be prepared by plating a drop of organic sol'n, or by
extracting Po back out with conec HNO,. Then dilute the HNOS, and
chemically plate Po on a small piece of clean Ag.

Step (3) is 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. Hil0,, dué to the extreme insolubility of

Pb(NOS) in fuming HNO,. Abolt 60/ of the Po can be chemically plated
Lo on Ag¥in 10 min. :

7/14/49
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84-2
CHEMICAL SEPARATIONS
Element separated: .fblonium Procedure by: Karraker
Torget material: Bismuth Time for sep'n: 40 min to
1 1/2 hrs.
Type of bbdt: 180 Nev D", or 350 Mev H Equipment required: Standard

Yield: 80-90%
Degree of purification: less then 1% impurity in sample

Advantages: DPo separated in carrisr-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 mebal in HNO,, but if Bi, 0, is used,
this can be dissolved in HCl, and necessity for destroying HNO, is
removed. This shortens the procedure to where it can be done as
rapidly as 30 minutes.

See (84-1) for Po sep'n from Pb,

7/14/49

P-18-72



CUl U077 036 b8

84-3
CHEMICAL_ STPARATIONS
Element soparated: Polonium Procedurs by: Barton
Milkings from At Time for sep'n: 40 min.
Yield: ~v 90% Equipment required: test tubes

Degrece of purification: 4t least factor of 10
Advantages: Simplicity.
Procedures:

(1) Astatine fraction dissolved in 1-5 ml orgoanic solvent (benzeno,
carbon tet., di-isopropyl ether, eto.)

(2) Wash with 1/2 ml of 2 N H,50,, 0.25 N FeS0, soln. (to kecp At in
goro state.)

(3) Wosh 32804-Fe804 layor twice with di-isopropyl ether.

(4) Extract the Po from the E,S0,~FeSO, layer with 20% tributyl phos-
phate, 80% dibutyl cther mixture. : ,

(5) Evoporate organic layer on platoc with heat lamp. Do not flame
or Po will be lost.

8/11/49
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85-1
CHEMICAL SEPARATIONS
Element separated: Astatine Procedure by: Barton
Target material: Bi O3 (nll/? gm) Time for septn: 15 min.
(or thorium meta
Type of bbdt: Any 184" or 60" Equipment required: Test tube

Yield: Unknown,~ 10%

Degree of purificatign: Excellent, from all g emitters formed - at least
greater than 107 . .

Advantages: Simplicity
Procedure:
(1) Dissolve Bi,0, sample in 1/2-1 ml conc. HCl or H,SO,.
273 ‘ 4

(2) Add small (£ 0.5 ml sufficient) amount di-isopropyl ether, mix,
separate phases. :

(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 Hl\TO3 unless you want a small-scale explosion,

Thorium metal can be dissolved i?lionc. HCl and .01 N (NH4)2SiF6 soln
(Vigorous reaction oncc started).”’ (See 90-4).

See also ABCD 1952 (Chemical Properties of Astatine; Ge Lo Johnson,
R. F. Leiniger, E. Segré.)

(1) See Phys. Rev. 75,18 (1949).

2/ /e
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86~1
CHEMICAL SEPARATIONS
Element scparated: Emanétion Procedure by: Ghiorso, lMeinke
Target material: Thorium metal (1 mil) Time for sep'n: 5-15 min.
Type of bbdt: 184" protons Equipment required:

special emsnation closed
system with traps

Yicld: Small from metal;up %o 50% from.
solutions

Dogree of
from

Procedure:

(1)

(2)

(3)

(¢)

(5)

Remarks:

purification: Free from other « activity - does not separate
other rare gases.

Metallic strips of Th which have been bombarded with the full
energy proton beam are placed in a small closod flask and heated
to red heat with an induvction heater for a period of one or
two minutes. l

Argon carricr is then passed through the flask and through a
trap cooled with an icc bath.

The carrier and Em are then frozen out in another trap cooled with
a liquid Nz bathe. :

The activity can be then introduced into a sealed counting chamber
and counted for alpha activity.

The activity can be shown to be a rare gas by transferring it

back and forth from counter to trap using the liquid N, bath to
s X 2

freecze out the activity and carrier.

The procedure described is simple but effective in purifying the Em..
If further purification is rcquired additional traps may be usecd.

The same type of apparatus may be uscd when: (a) separating Em from
a solution or (b) milking Em isotopes from other clements, e.g., Fr
and At.

Care

should be baken to check scparation from At in these separations

sinoce in many cases, at lcast a smnll fraction of the At present acts

much

like a gas and may pass through the traps. A special trap to

specifically removc At may be necessary in some cases.

8/12/49
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CHEMICAL SEPARATIONS
Element separated: Francium ~ Zlement 87 Procedure by:  Hyde
Target material: Thorium metal foil. Time for sep'n: 40 min. -
Typical target - 3 foils 1/2" x 1 3/4" 80 min.

x 005",

Type of bbdt:22%84" bbdgzgith 100 Mev protons Equipment required:
to make Fr and Fro™ 7. 35?3M9V proton centrifuge
bbdt to make 30 minute FrS stirrers

50 ml centrifuge cones

Yield: estimated 10-50%
Degree of purification: Clean separation from all elements except cesium

Procedure: *

(1) Drop thorium metal strips into 10 ml of hot 6 N HCL.” Add a few
drops (NH,) SiFé sol'n to clear up black residue. Heat with
infra-red ldmp until dissolved. Evaporate down to 5 ml or less.

(2) Transfer to 50 ml centrifuge cone. Cool in ice bath. Add 15 ml
6 W HCl. Centrifuge off undissolved particles.

(3) To clear supernate add 4 drops cesium carrier (20 mgCs/ml) stir
and add 1 ml 1/8 M silicotungstic acid. Stir occasionally 1 to
minutes. Centrifuge dovm ppt of cesium silicotungstate. This
precipitation elimimtes > 90% of total radiation.

(4) Wash ppt twice with 5 nl 6 N HCl. From here on can use eigher of
twg, procedures. Procedure T is a short one useful when Fr “ or
Fr is beinglgtudied. 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 on oluminum 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

disc, platinum disc combination is cooled with a lump of dry ice while an

oxygen btorch with a small floame is touched to the bottom of the sample
plate heating it strongly to 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 255G6-C.

*% HNO, interfers with the subsequent pptn of cesium silicotungstate.

3
For Th sol'n see Phys. Rev. 75 18 (1948).
P-18-31
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. ,
of cesium as well as considerable silica and tungsten.

(2) This deposit is slurried off the plate with dilutc HCl. The silica
and tungsten being insoluble are centrifuged off. The clear supernate
contains the francium and caon be used for chemical studies or
evaporated on platinum disc for counting measurements. Usually such
samples are flamed again os described above. The resulting collector
plates are quite cven and clean of everything except cesium. The
amount of cesium.originally added determincs the cmount of solid
on the plates. .

Procedurc B - For further purification of 30 minute francium.

(1) Dissolve silicotungstate ppt in 1 ml of 6 N NaOH. 4dd 2-3 drops
ferric chloride carricr., (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 ccid. Put on safety glasses or face shield ond
evaporate solution by swirling over a bunsen flame until dense
white fumes appear. Continue gentle heating one minute. Cool.
Dilute to 10 ml. Stir. Centrifuge off silica ppt.

(3) Evaporate supernate to denig*ghite 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 francium to a second plate by the technique
described in A(1l) in order to get very smooth doposits.

A 30 minute bombardment of 3 thorium foils 1{3" x 1 3/4" x 005"
worked up by Procedure B has produced 10 ~10 c/%xof 30 minute
francium 60 minutes after bombardment. '

*#x% The volatility of cesium and of francium is believed to be caused
by a disproportionation of the oxide to peroxide and metal. The
metal distillsjthe peroxide decomposes to oxide and is ready for
o new disproportionn tion.

Yields on the volatilization step vary from 25% to 90% depending
on amount of solid prescnt and othcer factorse With plates con-
taining only cesium, 75% hivher yields are usually obtained.

whik  Alcohol 1is added because of the insolubility of cesium perchlorate
in this solwvent.

6}28/49
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87-2
CHEMICAL SEPARATIONS
Element separated: Francium (carrier free) Procedure by: J.M.Hollander
) 227 Time for sep'n: 1«2 hrs.
Parent Q%?eria%ég Ac 2111n equilibrium with Equipment required:
Th Ra™"", Pb°"7, ete., (1) Ion exchange column,

2 cm long, 2 mm in diameter.

Milking Procedure (2) Dowex-50 acid form resin.

Yield:

(3) ™o Al"sample mounting"

40~50% plates, 3 1/2" x 2 1/2",

with a 5/8" hole in the
center.

Degree of purification: A% least a factor of 50 from Pb. Other purifications
not determined (a's not counted.)

Procedure:

(1)

(2)

(3)
(4)

(5)

(6)
(7)
(8)

8/11/49
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The Ac should be in 0.5 - 1.0 cc af 2 N HNO, solution. Allow this
solution to pass through the column, to adsorb the Th, Ac, and
partially the Ra.

Elute with~’ 4 cots of 2 NHNO, (to bring off any Ra which hag
adsorbed on the resin) at a f1ow rate of about 0.5 ml/min./em”.

Then elute with ~ 2 ce's of 4 N HNO, to bring off the Ac.

3
Evap this 4 W Ac froction to dryness in a centrifuge cone, then
dissolve the residue in water. . Allow to stand 50-60 min.

Add ~ 5 mg Pb+f carrier, heat the soln, ppt PbS by passing in
st gas to this solution as it cools.

Centrifuge, reppt PbS from the supernate.
Evaporate supernate to dryness onto a Pt disco

This disc is set upon an aluminum platc and centered above a 5/8"
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 a 1/8 in.
Al disc. The Al disc, Pt disc combimation is cooled with dry ice
while an oxygoen 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 ¢f the Fr.
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88-1
CHENICAL SEPARATIONS )
Element separated: Radium | Procedure by: lleinke
Target material: Thorium (~10 gm metal) Time for sep'n:~ 8 hrs.
Type of bbdt: 184" full energy particles Equipment required: Standard

plus centrifugss .of;
250 ml capacity
50 ml capacity
15 ml capacity
Tank HC1

Yield: 25-50%

Degree of purification: At least lO7 from Thorium, and at least lO4 from
other alpha activities present in high yield.

Advantages: Can be used %o separate Ra with Ba carrier from large amounts of
target material and (if coupled with column separation) to give weightless
fraction of Ra.

Procedure:

(1) Dissolve the thorium metal target in concentrated HNO, with dgops
of .2 1I (NH,),SiF, soln added to make the sol'n ~ ,O1"M SiF,. “,
(4 large bedkér should be used to prevent bubbling over in %he
vigorous reaction. The solution needs to be heated to start the
reaction but once started the recaction proceeds vigorously.)
Cont inue adding conc. HNO, and (NH4)ZSiF solution until target
completely dissolves (may be an hotr or two for 25 mil pieces of

Th. )

(2) Evaporate off most cf HINO, leaving Th(NO,), crystals. Caution:
Do not evaporate to dryness or the nitrate ™will turn to ThO
which is harder than the oririnal Th mebtal to dissolve. If some
ThOZ is accidentally formed use the same combination of conc.
HNO,, (NH )281F and heat to dissolve it. ThO, is considerably
easier to dlSSO?VS immediately after forming than after prolonged

heating and standing. (Sce 90- 4),

(3) Add 6 mg Ba'" carrier to the crystals and dilute with water to
~30 cc. Transfer to 250 ml centrifuge bottle.

(4) Add ~ 16 cc conc. NH,OH (precipitating Th(OH),) dilute to 200 cc

. . . . 4
with water and digest for several minutes.

(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 Ba' " carrier, dilube to~ 30 cc.

(8) Add~ 20 cc conc. WH, Ol ppting the Th(0H), dilute to ~ 200 cc with
water and digest for “several minutes.

P~18-143
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(9) Centrifuge and pour off supn.
(10) Repeat steps 6 through 9.

(11) Combine the three supernatants from steps 5, 9 and 10. Tvaporete
combined sclutions until ~r 200 cc. volume and transfer to 250
ml cent. bottle.

(12) Add 5 mg La:H carrier and precipitate the La(OH), plus Th(OH),
© from any Th = remainimg by the addition of conc N 4, OH Discard

ppt.

(13) Evaporate the supn to ™~ 40 cc and repeat step 12.

(14) Add Na _CO, solution to the supn to ppt BaCO3 (carries Ra) digest
for severdl minutes. Centrifuge.

(15) Dissolve BaCO; ppt in minimum of conc. HC1 (one or two cc's pro-
bably enough)’

(16) Flace in ice bath., Add double or triple volume of ether and
bubble in HC1 gas until water and organic layers become miscible
and the Pa ppts out as the BaClz. Centrifuge.

(17) Dissolve the ppt in minimum of H,0.

(18) Repeat steps 16 and 17 twice (%otal of 3 BaCl, pptns). Caoution:
HCl-ether mixtures spatter rcadily when warme%. '

(19) The BaCl, can be used for a counting or further purification can be
made using a resin column.

Remarks:

- Usually about 50 sms §£5Th 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), pptns and purifications.

The Th(0H), ppt is very bulky-occupying more than half of the tube in
step 4. However, with the Ba =~ carrier added and ‘the two reprecipitations
of the thorium it is believed much of the Ra is recovered in the supernates.

The amounts of WH OH cnd HNO, used should be calculated rather
closcly so as %o allow %ittlc excess, otherwise when the supn's arc
evaporated to ns 40 cec (step 13) the solution will be saturated with
NH4N03 and interfere with the BaCO3 pptns.

In stcp 13 some of the yield is lost through the solubility of some of

the BaCO,. This might be recovered by destroying the HH,NO, and
recducing “the volume drastically before the carbonate precipitation.

P-18-142
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Originally Pa and Ca were added as holdback carricrs in the Th(OH)A
ppts. The Ca, howcver, did not separatc as well from the Ba as cxpected
in the later parts of the vprocedure. '

Then working up 50 gms of Th, 10 gms at a time, rcsiducs might be
combined and further recovery of Bo lost in the original procedurec might
be made. Also the BaCO, ppt of step 14 (first 10 gms) can be dissolved in
conc. HNO, and used as Sarricr for the various steps of succceding 10 gm
portions - thus rcducing the total amount of Ba in tho firal sample.

10 grams is about the maximum amount of thorium practical +to work up
at onc time by this procedurc using 250 ml centrifuge bottles.

If carricr frce Ra is nceded, BaCO, can be pptd from thc water soln
of the end of step 18. This BaCO, con be dissolved in acid pH 1-2 and
absorbed on Dowex 50 resin. The gr, Ba & Ra can then be eluted in that
order by citratc at pH 7.5-8.0 (Seec E. R. Tompkins AECD-1998). This
column procedure, however, has nct been 'included in the runs made to date.

8/24/49
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88~2
CHEMICAL SEPARATIONS
Flement separated: Radium : | Procedure by: Folger
Target material: ~v3 g U metal Time for sep'n: ~J 1-1-1/2 hr.
Type of bbdt: 184" high energy particles Equipment requireds Centri-
fuge, cones (50 ml-2 ml),
ice bath.

Yield: 50-75%

Degree of purification:. nJ 103 from other elements -- sufficient for mass
spectrograph or ion exchange column.

Adventages: Gives good yicld of Ra-Ba with only ~/. 75 ug carrier.

Procedure:

(1) Dissolve target in small amount conc. HNO, (heat if neggssary).
Add 100 pg Ba (as Ba(I\IOg)2 carrier sol'™n)“and 20 mg Sr ~ carrier
(as nitrate).

(2) Add fuming HNO, to meke up ™~ 25 ml and chill in ice bath for
10 minutes. Céntrifuge out Sr(NOS)Z (Carries Ba & Ra).

(3) Dissolve in H,0, transfer to 15 ml cone and buffer with Hac +
NHAc (1 ml 6°N HAc and 2 ml 6 N NH,Ac or pH 5-6). Add v 5 mg
Pb and ppt PhCr0, by add'n of 1.5 il Na,CrO, to hot sol'n. Tash
with hot HAc & NH,Ac buffer (1 ml Bo 2"ml ds above) containing
1 drop 1.5 1 NaZCrOé.

(4) Dissolve ppt in hot 2 N HCl, pass in H,S to roduce Cr207— to Cro
and dil to 0.2 N, ppt PbS, scavenge wi%h few mg CuS. :

(6) Boil out H,S, make basic with NH, and ppt SrCO, by adding 2 mg Sr
3 3
and a few drops 2 M NaZCOS.

(6) Dissolve 8rCO, in 1 drop 6 N HC1, boil out CO,, buffer with 1/2
ml 6 N Hic and 1 ml 6 N NH,Ac (pH 5-6). TranSfer to 5 ml cons,
adgzng not more than 1 ml H,0. Heat to near boiling, add minimum
Pb " to ppt PbCrO4 with 1 drop 1.5 M Na20r04. Centrifuge.

(7) Dissolve PbCr0O, in 1 drop conc. HCl. Transfer to 2 ml cone with
1 ml HCl-ether rcagent. 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 ¥ H,80,. Centrifuge
foid 4
out Ba304 for mass spectrograph.

or (8a) Dissolve in.1 drop H,0 and add 1 drop 0.5 ¥ NaOE plus 1 drop 2 M
Na,CO0,. Centrifuge BaC0O, and dissolve in 0.1 N HCl for equilibra-

. . . 3
tion with resin for column run.

Pn18-275
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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 PbCr0O, from
supernatant (20 mg or more may be required). Remove Pb %y dissolving
the chromate in 1-2 N HCl, 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 SrCOs.ppt’d to reduce the volume. Follow with Sr (N05)2, PbCroé
and BaClz-ZHZO pptins.

’

For mass spectrograph work, steps 5 & 6 may be replaced by:

(5-6a) Boil oyt H,S. Buffer to pH 5-6 and ppt min. PbCr0, by add™
of Pb 7 and 1.5 M Na,Cr0,. Centrifuge. Wash with 2 drops
6 M NH,Ac. B
-
To remove excess alkali salts add:

(9) Fume BaSO, to dryness to remove any NH,Cl., Take up in 1 drop
0.5 X H2884. Centrifuge and rewash with 1 drop 0.5 N H,50,.

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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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.
Type of bbdt: protons from 184" Equipment required: beakers,

centrifuge cones, 250 ml
separctory funnel, resin
column,automatic samplor,
pH meter.

Yield: Not known - cstimated 75%

Degree of purificat&on: Complete scparation from all othsr elements by factor
of.at least 107.

Proccdure:

(1) Dissolve thorium in hot conc. HNOS. Add 1 drop 1 N HF oceasionally
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.

,' B
(3) 4Add 1-2 volumes penta ether (dibutoxytetracthylene glycol) . Skir.
Lot settle. Drain aqueous laycr into orig;nal beakere Drain
pentaether layer into bottle for storage.

(4) Return agueous layer to funnel. Add solid ammonium
nitrate with stirring until solution is saturated.
Add 2-3 volumes pcnta ther. OS%tir. Droin aqueous into
50 ml centrifuge cone. Drain pentaether layer into
storage bottle.

Fig. 1

(5) Rcpeat pentacther extraction once again after adding
0.5 ml conc. HNO3 to replacc that extracted by solvent.

(6) Aqucous layer in 50 ml centrifuge conc centrifuged to scparate last
ccls of pentaether, which arc pipetted off.

(7) Add NH,OH to ppt last amounts of thorium as Th(CH),. This serves
to carry the actinium out of the salted solution. “Wash twice with

HéO.

* It 'is quitec importont 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
scrves as its own salting agent in the first pass which cxtracts the bulk of
it and rcduces the agueous volume greatly. Subscquent extractions must be

aided by NH4N03 salting. P-18=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 glass clectrode. Add 10 ml C.15 M TTA in benzene. Stir.
Recheck and if necessary readjust pHe Stir well 10-20 minutes.

Centrifuge. Pipct off benzene layer containing thorium.

To aqueous add 10 ml fresh 4. Stir, check pH. Stir 10-20 minutes.
Centrifuge. Pipet off benzcne layer.

To aqueous layer containing actinium, rarc earth and other activities
add NH4OH to adjust pH to between 5.5=-7.0x%x,

Add 10 ml TTA-benzenc. Stir. Recheck pH. Contact 20 minutes.

Pipct benzene layer containing actinium and rare carths into clean
50 ml centrifuge cone. Re-cxtract activity into 2.5 ml O.1 N ICl
by 2 minutes of stirring,

At this point the only likely impurities arc rarc-earth fission
products. If thesc do not inberfere, this solution may be considored
the final solution. If scparation from rarc earths is desired the
following rcsin scparotion is rccommended.

Add a few mg of ammonium form colloidal dowox 80 resin to the dilute
HCL solution. 'larm t01136000 in water bath for 2-3 minutes. Centri-
fuge. '

If assay of supcrnate indicates necarly completc adsorption on resin,
pipct the resin on to the top of a short resin column. Elute with
5% citrate solution of pH 3.8 - 4.0. Usc a mechanical sampler to
teke samples cvery 20 minutes.

The rare carth and actinium peaks can net be prcdicted accuraicly
cnough to climinate the necessity of alpha and beta counts to deter-
minc their locotion. The rare earth fractions come off in the
first samples as indicated by thczggta counts. The actigigm peak is
located by thgl%lpha counts of Ac « The clution of Bi and its

associated Po daughter alpha activity in the early fractions
obscurcs the location of the actinipm,peak unless samples arc pulse
analyzed or unless the 47-minutc Bi is allowecd to decay beforc
counting.,

My expericence with a column 6 em x 2 mm of colloidal resin cluted
with pH 3.9 citrote at a rate of 1 drop per 2.5 minutes was that the
rare ocarth fraction came off within two hours and the actinium
fraction, woll scparated from the rare earths, startecd to comc off
after 5 hours and was spread over 2-3 hours. Others (Orth & Street)
report much more rapid elution under cssentially the samc conditions.

*%% An equal volume of TTA-bonzene will cxtract thorium essentially complctely
from an agucous solution of pH>1l. 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
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89-2
CH :MICAL SZSPATATIONS
Element separated: Actinium Procedurc by: Meinke
Parent material: Tracer PaZSO Time for sep'n; 3-4 hrs.
Milking experiment Equipment required:

Standard, centrifuge
Yield: ~ 40%
Degree of purification: Factor of at least 107 from Pa, U and Th.

Advantares Can separate very small amounts of Ac from large amoun§§6of
Po, U and Th activi In one experiment separatcd 500 d/m Ac from
gotal d/m of Pa and about equivalent amounts of U and 30 minute

Procedure:

PaZSO in G_E;HNos after DIPK extractions (procedure 91-1)

(1) Take 10 cc of Pa soln and add 1/@ mng La* ™" and 5 mng ce*™ carriers.
(2) Add 10 drops of conc EF to 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 HC1 and dilute to 5 cc.

4 5, Discard ppt.
Steps 2 through 5 are repeated alternately or consecutively until

the desired degree of purification is obtained. For the purifications
noted above, 10 fluoride pptns and 9 phosphate pptns were made.

After the 10th fluoride ppt had been metathesized to the hydroxide,
the followzng procedure was usecd:

(5) Add 1/4 mg zr** carrier and H PO, to make 3 N PO,”

(6) Dissolve hydfgflde ppt in 10 M HNO,, make .01 M Fe''% and oxidize
ce™™ 4o Ce” with solid sodium Bismuthate (warm to speed up

reaction. ) (Ce+ will now carry on the Zr (PO ) 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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Remarks:

The fluoride cycles decontaminate primarily from *  Pa, the phosphate
from Th. If further purification is required include more cycles in
procedurec.

Only one milking can be made from a given batch of Pa by this procedure
since it is difficult to again get the Pa into an extractable form
onece flucride ion has been added.

It has been found that the LaCl, solution mokes a more adherent and
thinner plate than the IaF, ppt. The amount of Lo ** carricr used
in step (1) should be determined by the amount of bulk that can be
tolerated on the final plate,

8)9/49

P=18-139



OOl o077 0303

9C~1
CHEMICAL SEPARATIONS
Element separated: Thorium ' Procedure 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.

Degrec %f purification: Decontaminato from lO7 o/m Pa, lO6 c/h.U and
10° ¢/m Ac. '

Advantages: Gives carrier-frece Th, a thin plate for pulsc analysis and
good purification although not speed.

Procedure:

(1) Witric acid uscd throughout. Make sample 6 N acid and TTA
extract (with .4M TTA in bonzene) 5 times with double volume
of TTA -- stirring 5 minutes for cach extraction. (Removes Pa
into TTA ~s 70% or more per pass).

(2) Evaporate to dryness (wash twice with water and take these
washings also to dryness) and take up in acid pH 1.0. TTA
extract with equal volume (.25M TTA in benzone) stirring 15
minutes. (Th into TTA but not U or Ac.)

(3) Repeat TIA extn of (2) with fresh TTA and combine the extns.

(4) Wash TTA with equal volume of pH 1.0 soln for 15 min. (U con-
tamination into acid.)

(5) Wash TTA with 6 N acid (equal volume) and stir 15 min. (Th into
acid). .

(6) Repeat parts (2), (3), and (4). (Repeat wash as in (4) if
necessary for further U purification.)

(7) Plate ovt the 25 M TTA on Pt 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 unbil about pH 3 or so and of course Pa goes in up to
about 6 or 8N acid,

pH conditions for scparatlng Th from U by TITA cxtns are quite
criticall

Equivalent and molecular weight of TTA is 222 gms.

8/24/49
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90-2
CHEMICAL SEPARLTIONS
Element separated: UK, (Thorium) Procedurc by: D. B. Stewart
Target matericnl: DO (NO ) GHZO in which Time for sep'n: 24 hrs.

UXl has come to cqull%brlum

Equipment required: 40 ml
centrifluge cone

Yicld: 50,000 - 10,000 ¢/m from 20 g UNH.
Dogree of purification: factor of ™ lO6 from U.

Ldvantages: Good yicld with small amount of inert carrier (Very voluminous
ingoluble precipitate) (Uranium docs not precipitate at all)

Proccdurc:

(1) Dissolve 20 g U0, (NO )2.6H 0 in 20-30 ml 0.0l N HNO, in a 40 ml
contrifuge conc and warn sélution to about 80°C ina hot wator
bath. Add 0.5 mg - 1 mg Zr carricr as nitratc.

(2) £Ldd 5 ml of a saturated solution of m-nitrobenzoic acid in water
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 HNO + m~Nitrobcnzoic acid.

Remarks :

Saturated solution of m-nitrobenzoic ao1d made up by dissolving 400
mg. of the material in 100 ml H20. Heat to 80°C. Allow to stand scveral
hours & filtcr to rcmove cxccss and impuritics.

7/28/49
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90-3
CHEMICAL SEPARAT IONS
Elcment separated: Thorium Proccdurc by: Meinke
Porent material: Tracer Pa and daughtcers Time for sepin: v/ 3/4 hr.
(both a & K)
Milking cxperiment Equipment required: standard

Yicld: Only ~ 40-50% Th per cycle

Degrec of purification: 2-3% Ac carriod por oycle - other clements decon-
taminated by factor of at least 100.

Advantages: Good proccdurc if Th present in Y same amount as othcr
activitics.

Procodurec:
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' +é carricr and cnovgh

H,PO, to make ns 4 M in PO4 . Centrlfugo ppt (carrics Th'~).

(2) Add to the ppt 3 mg La’ ' carricr and dilute with 1 N HCl. Add
HF,digest and centrifuge.

(3) ictathosize the fluoride ppt to hydroxide by adding conc KOHe
Contrifuge. Wash once with alkaline water.

(4) Dissolve in HCl znd rcpeat steps 1-3 rcducing amount of Ia carrier.
(5) Plate as the LaClS soln, flamc and count.
Remarks:

Zr (PO ppt quite specific for carrying Th’u4 from other clcmonts
in thc4hoqu region., Yield lost in the LaFS-La(OH)3 pptns.

Do not usc this procedurc if moro purificiation necded than given by
2 cycles since the Th ¥icld will bo very low.:

IaCl, soln when cvaporated sticks to Pt plates much better than the
ppts encountercd in this procedurc.

8/1%/49
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90~-4

Solution of Thorium Metal and Thorium Dioxide

¥ ~——— k. -

Thorium mctal can be dissolved rapidly in conc HCl but a considerable
amount of black inscluble residue is formed in the process. If a few drops
of (NH,),SiF, sqlution (enough to make ~ O.31 M) are added to the HCl before
solution is started the black residuc is dissoi%cd, leaving only a small
residue of thorium oxide (¢1%) in the clear solution.

Thorium metal can be dissolved in conc. HNO, with the addition of
(NH,),S8iF, (or HF) to .01il. The metal bocomes passive to the_solution
from Time to time requiring further additions of acid and SiFG_.

If the exccss HNO, is evaporated off caré should be taken not to allow
the solution to go comnletely to dryness or difficultlysoluble ThO2 will
be formed.

If it is desired to dissolwve ThO,, the HNOG-(NHé)zsiF solution should
Jbe used and the mixture heated with s%irring for several hours. ThO, when
first formed is much more soluble than after prolonged heating.

Note: A bombardment of 50 mg 13% ionium (ThZSO) in thorium (Th232) mixture
in the dioxide form should be mentioned here. The hydroxide was pptd and
heated in a Pt erucible until only the dioxide remained ig is dioxide was
then packed into a Pt "boat" 1" x 1/2" x .085" and wet/a few drops of
sodium silicate solns Thc mixbture was then dried under a heat lamp, more
silicatc added and again dried. The boat was then flamed over a Fisher
burner.

It was found that a ftarget prepared this way could withstand considerable
mechonical shock and also the high target temperature produced by tho 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 fmos'.SiFG soln.

Newton, Hyde, Meinke

8/15/49
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91-1
CHEMICAL SLPARATIONS
Slement separated: Protactinium Procedurelby: leinke
Target material: n7 10 gms Th metal Timelfor sep'a: 1 1/2-2 hrs.
Time of bbdt: 60" D bbdt and 184" Equipment required: Centri-
bbdt all particles ;' fuge Kjeldahl flasks,

dry ice and stirrers.
Yield: Roughly 10% through entirc chemistry

Degree 8f purification: Separate from all elements by a factor of at least
10", 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 extensive by rcpecting
individual steps. ’

Procedure:

(1) Nitric acid used except where indicated otherwise. Dissolve Th
metal in conc. HNO, ~/ .01 M in (NH4) SiF; soln (25 ¢c &cid and
3 or 4 drops of l/g M SiF, soln usuafly sufficicnt to dissolve
10 gms Th.) —

(2) Dilute to ~ 4 ¥ acid and T+t ccn. less than 0.65 M (Greater con.
of Th salt interfers with pptn.)

(3) Add to 40 co Th(NOS)A soln in 4 N HNO, an excess of Mn(NOS)z.
(1/2 cc of 50% solh Sufficient.)

(4) Add 1.5 cc XMnO, soln (40 mg/cc). (Pa carried quantitatively
on 1.5 gm/liter N0, ppt.) '

(5) Digest over water bath, centrifure and pour off supn.

(6) To ppt. 2dd few drops of 4 ¥ acid and dissolve in a few drops of
sat. soln of NHZOHeH01.

(7) Dilute to rcquircd volume and rcpeat pptns. three times,rcducing
volume cach time. F inal volume is a few cc's.

(8) Make soln 6 N HNO_ or HCl., Extract with 2~3 times volume of di-
isopropyl kectone {DIPK) shoking togcther for 1/2 min. in Kjeldahl
flasks and separating phascs by freezing aqueous layer with dry
ice = ccctone mixturc. (Fa into DIPK ~v 60% yicld/pass).

(9) Wash DIPK layer with 3 washs of an equal volume of soln 11X HNO3
and 3 N NH4NO3 in successive flasks. .

(10) Pa then washed into 2 successive portions of .1 N HNO, .

P.18-259
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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 bonzone) stirred for 5 min. with
the 6 N acid - (Pa into TTA.)

(13) Organic layer washed once with equal volume 6 N HIO, «
(14) The Benzene-TTA plated out on platinum.

Remarks: The am't of F introduced by the .01 M (NHA)QSiF is not enough
to complex an appreciable amount of the Pa. Traccs o? Pa+zoppt
with good yield from 1 - 5 N HNO, soln less than .65 MTh = on 1.5
gm/liter ¥n0, with good scparatidon from mecro 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 colloid state.

The Pa must never get very near a neutral pH or it will go into the
non-extractable colloid.

TTA scparates Pa from all elemcnts formed in bbdt except Zr, Cb, and
Hf. DIPK extracts only Pa and U at thesc cens. IO, carries Pa,

Zr, Cb and maybe some others, but does eliminate things like I which
might solvent extract through the other chemical procedures.

8/24/49
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91-2
CHE..ICAL SEPARATIONS
Elgment 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 particles Equipment required: stirrer
Yield: -40-80%

Degree of purificaticn: Factor of at least 100 from all elements present
except 2r, Cb, HFf, . '

Advantages: Fast, weightless plate & Pa, good for alpha pulse analysis.
Zr & Cb fission products coming through procedure make Gelger counting
of Pa impossible without more chemistry.

Procedﬁre:
(1) Dissolve Th metal in conc. HNO, .0l M in (NH,),SiF, soln. (25 ce.
acid and 3 or 4 drops of I/B.M SiF, sol'n suf%icieng 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, Zr, Cb into organic layer).

(4) If want somewhat better nurification wash TTA layer with equal
volume of 4 N HNOZ. (}ay lose up to half Pa yield in this wash.)

(5) Plate out benzene-ITA layer on platinum.

Remarks: TTA separates Pa fromaoll elements formed in bbdt except Zr, Cb, & HF,

This method used 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 procedure, giving approximately
equal chemical yields for each foil (to within 5 or 10%).

6/29/49. | '
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91~
CHEMICAL SEPARATIONS e
ﬁlemen’c separated: Protactinium (N2 mg) Procedure by: Crane
Removal ofv 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)

(2)

(3)
(4)
(5)

(6)

(7)

(8)

8/17/49
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Add ten times as much Zr+4 as you have Pa (~ 20 mg of Zr+4) moke
3 M in HF and allow to stand for several hours. Then add excess
Ba¥2 jon; Pa carries on the BaZrF, ppt.

Check floride,solution for Pa activity. If carrying not complete
ndd 10 mg Zr ~ and digest at low temperature for a few hours.

Combine BaZrF, + Pa ppts ond dissolve in conc. HI\‘IO3 + boric acid.

6
Dilute and precipitate Zr + Po as hydroxide with KOH.

Redissolve ppt in conc. HCl. Boil this solubtion for a few hours
then make HC1 8 ! ang absorb on anion exchenge resin (Dow A-1

used in 20 cm x 1 cm” column; flow rate ~s 1 drop/min). Yash resin
with 8 M HCL. .

Elute with 4 I HCl. Pa will come off in ~ 15 column volumns.
(Uranium requires ~» 45 column volumns).

Alternate step for ‘Q):Ii‘ desirsd and solution of Pa does not
con%ain too much Zr ~ and other floride complex ions the Pa
solution may be absorbeg directly on the resin from a 3 M HF soln,
washed with conc 1C1/s1hted with 4 1 HC1.

Finol solutions of HCl are then concentrated,made 6 M HCl and
Pa extracted into equal volume diisopropyl ketone.

The Pa is taken back into . 1 volume 0.1 M HNO,_, solubion and
mde 4 M in HCl to keep Po from forming colloid.
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92-1
CHEMICAL.SEPARATION?
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: a~ 90%

Degree of purification: Segarate all elements in Th fission by
factor greater than 10 .

Advantages: Gives carrier free Uranium.
Procedure: ' \

(1) DNitric acid used except where indicated otherwise. Dissolve
Th metal in conc, HNO, &_ v~ .01 M in (NH ) SiFg (50 cc acid
and w6 drops 1/5 M 81F6 e Solution usual%y sufflcient to
dissolve 20 gram Th metal).

(2) Evaporate to near dryness & redissolve in 1 M HNO and
saturate with NELNO

(3) Ether extract uranium using 3 separate portions of ether

and combining; wash twice with .1 M HNO + 10 M NH4N03

(4) Extract uranium back into water solution. Add La**" carrier
» 1 mg/cc solution

(5) ppt hydroxide with NH,OH. (carries uranium)

(6) Dissolve in g M HNO, and add Zr e scavenger («~ 1 mg/cc),
dilute to 3 N scid.
(7) Add iodic acid to ppt ZrO(IOS)2 to scavenge solution.

(8) Remove superpatent ° and ppt 12" as hydroxide.

(9) Dissolve in 1 M HNO,. Saturate with NH NO and ether
extract using 3 separate portions of etﬁer and combining.

(10) Wash twice with .1 M HNO, + 10 M NH,NO, and re-extract
uranium into water.

Remarks: 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
pptde Add just enough to ppt the Zr as ZrO(IO ) s otherwise
much yield will be lost. For ether enulycw1on of uranium sec:
A+ S. NWewton, Phys. Rev. 75 209 (1949).

6/16/49
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Organic Acid

CHEMICAL SEPARAT IONS

Determigation: Acid equiwalent, i.e,, Procedure by: Newton &
H & carboxyl MeDonell
Target material: Alcohols (ethanol) Time: 10 min.
Type of bbdt: 10 Mev p  Bquipment required: burette
glossware

Yield: quantitative
Degree of precision: = 1%
Procedure:

(1) Dilute 5 cc of irradiated semple to 20 cc with water or neutral
ethanol.

(2) Add 3 drops 1% phenolphthalein indicator solution.
(3) Titrate with O.1 N HaOH to sharp phenolphthalein end point.

(4) Acid equivalents = vol. of alkali x normality.

Remarks:

A Dblank should be run on Ehe ethanol to insure noutrality. Obher
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 Organic Annlyses Texts

8/12/49
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Organic-carbonyl
CHEMICAL SEPARATIONS
Substance determined: Carbonyl Procedure by: Newton &
}MecDonell
Target material: Aleohols .(cthanol) Time for scptn: one day
Type of bbdt: p (~10 Mev) Equipment required:

Pyrex test tubes
burettes, pipettes
stean bath

Yield: Quantitative precise to % 1%
Procedure :

(1) To 5 cc(l)(pipette aoigsacy) of irradiated alcochol add 3 cc
hydroxylaminc roa%gﬁt (pipette accuracy) and 5 cc of buffered
indicator reagent (gradusted cylinder). Treat a blank of 5 cc
absolute alcohol identically in all steps. Seal in a/ﬁbagstubc.

(4)

(2) Heat in steam bath 2 hours' /. Allow stand to cool overnight.

(3) Preak the bomb tube, rinse quantitatively into a flask with measured
portions of 957 ethanol. Treat blank identically.

(4) Titrate sample to the preenish blue end point color of the blank
(or titrate both samplc a?g)?éﬁ?g)to same end point color) with
alcoholic 0.5 N NaOH soln. :

(5) Cale. equivalent wt. of acetaldehyds from the difference in titres
of blank and sample, assuming the titration is o hydrogen determina«
tion by the reaction:

-0
HyC-Cop + HN'OH —--~2) HC-C=NOH + H + H,0
H
H + OH =3 H,0 (8)(9)

2
Remarks:

(1) About 0.001 moles of carbonyl is moximum sample size for the
specified reagent quantities.

(2) Prepare 0.5 M hydroxylamine solution by dissolving 35 g of hydroxyl-
amine hydrochloride in 160 cc of dist water and dilubing to 1 liter
with 95% cthanol.

(3) Preparc buffercd indicator soln, 20 cc C.P. pyridine to 1.0 cc of

1 percent alcoholic brom phenol blue indicator and diluting to
500 cc with 95% eothanol.

P-18-171
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Orgoanic~-carbonyl
: (Page 2)
(4) Excessive heating (35 hrs.) couses a breakdown of the hydroxylamine
salt with inaccurate results.

(5) Alcoholic 0.5 N NaOH is prepared with 90% methanol rather than
ethanol, since the latter oxidizes in air, producing an aldehyde
which resinifies in base, coloring the soln. Standardize vs
standard HCl.

(6) The water content must be nearly identical in blank & sample, since
it affects indicator color and buffer action of pyridine.

(7) The end point colors may be matched to an accuracy within a fraction
of a drop, i.ce. = 0.02 ml.

(8) The pyridine buffer allows effective titration of liberated il
without interference from cxcess H,N OH.

COSS in .
RCHO + HONH," + N// N\ RCH=N0H+H0+ﬁN/ \\
A 3 \ o). 2 \
(9) Ref. Bryant & Smith JACS 57, 57 (1935).

8/11/49
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Organic - Esters

CHEIMICAL SEPARATIONS

Determination: Saponification Procedure by: Newton &
Equivalent (esters) McDonel1l
Target material: alcohols (ethanol) Time for sep'n: 1 day
Type of bbdt: p (10 Mev) Equipment requireds
glassware
steam bath

Yield: Qualitative only
Procedure:

(1) Seal 5 cc irradiated sample + 2 cc NaOH soln(l) in Pyrex glass’
test tube.

(2) Heat for 2 hrs. with occasional agitation in a steam bath. Treat
a blank ethanol sample identically.

{3) Cool tubes, break and rinse into beaker. Add excess st%§%?£§ acid.,
Titrate with standard NaOH to phenolphthalein end point .

(4)> Difference in quantity NoOH between blank and sample as determined
in the(§3E£3tions is cited as equivalent to moximum possible
ester. :

Remarks:

(1) NoOH solution made by diluting 20 N aq. NaOH to 1 N with absolute
ethﬂnol‘ ~

(2) Presence of aldehydes causes brown discoloration (condensation
resins) of irradiated samples and yellow in the blank. Considerable
dilution is necessary bto enable an accurate visual end point deter-
mination.

(3) Alkali consuming interferences include Comnizzaro reaction on
aldehydes. Poly functional compounds such as B-diketones and B-keto
esters undergo cleavage, eto.

- (4) It is emphasized that this procedure comprises merely & 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 "Systematic Ident.
of Org. Cpds."John Wiley & Sons, New York, 1948. p. 128 and other
standard organic anelysis bexts.

8/12 /49
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