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FOREWORD

The Subcommittee on Radiochemistry is one of a number of
subcommittees working under the Committee on Nuclear Scilence
within the National Academy of Sciences - National Research -
Council. Its members represent government, industrial, and
university laboratories in the areas of nuclear chemistry and
analytical chemistry,

The Subcommittee has concerned itself with those areas of
nuclear sclence which involve the chemist, such as the collec-
tion and distribution of radiochemical procedures, the estab-
lishment of specifications for radiochemically pure reagents,
avallability of cyclotron time for service irradiations, the
place of radiochemistry in the undergraduate college program,
ete.

This series of monographs has grown out of the need for
up-to-date compilations of radiochemical information and pro-
cedures. The Subcommittee has endeavored to present a series
which will be of maximum use to the working scientist and
which contains the latest avallable information. Each mono-
graph collecte in one volume the pertinent information required
for radiochemical work with an individual element or a group of
closely related elements.

An expert in the radiochemistry of the particular elemsnt
has written the monograph, following a standard format developed
by the Subcommittee. The Atomic Energy Commission has sponsored
the printing of the serles.

The Subcommittee is confident these publications will be
useful not only to the radiochemlst but also to the research
worker in other flelds such as physics, biochemistry or medicine
who wishes to use radlochemical techniques to solve a specific
problem.

W. Wayne Meinke, Chairman
Subcommittee on Radiochemistry

111


http://www.nap.edu/catalog.php?record_id=21547

INTRODUCTION

This volume which deals with the radiochemistry of
rubidium is one of a series of monographs on radiochemistry
of the elements. There is included a review of the nuclear
and chemical features of particular interest to the radio-
chemist, a discussion of problems of dissolution of a sample
and counting techniques, and finally, a collection of radio-
chemical procedures for the element as found in the literature.

The series of monographs will cover all elements for
which radiochemical procedures are pertinent. Plans include
revision of the monograph periodically as new techniqgues and
procedures warrant. The reader is therefore encouraged to
call to the attention of the author any published or unpub-
lished material on the radiochemistry of rubidium which might
be included in a revised version of the monograph.

iv
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I’

The Radiochemistry of Rubidium

G. W. LEDDICOTTE
Oak Ridge National Laboratory*
Oak Ridge, Tennessee

GENERAL REFERENCES ON THE INORGANIC AND ANALYTICAL CHEMISTRY OF

RUBIDIUM

1. Remy, H., Treatise on Ino ¢ Chemistry, Volume I, pp. 153-202,
Elsevier; Amsterdam 119%;.

2. Kleinberg, J., Argersinger, W. J., Jr., and Griswold, E., Inor c
Chemistry, Heath, Boston (1960).

3. Hillebrand, W. F., Lundell, G. E. F., Bright, H. A., and Hoffman,
J.sé.., Applied Inorganic Analysis, John Wiley and Sons, New York,
1958.

L. wilson, C. L., and Wilson, D. W., Comprehensive Analytical Chem-
istry, Elsevier, Amsterdam, 1959.

5. BSienko, M. J., and Plane, R. A., Chemistry, McGraw-Hill, New York,
1957.

6. Charlot, G., and Bezier, D., Quantitative Inorganic Analysis, John
Wiley and Sons, New York, 1957.

7. B8idgwick, N. V., The Chemical Elements and Their Compounds,

University Press, Oxford, 1951.

RADIOACTIVE NUCLIDES OF RUBIDIUM

The radicactive nuclides of rubidium that are of interest in the

radiochemistry of rubidium are given in Table I. This table has been

compiled from information appearing in reports by Strominger, et al.,(l)

and by Hughes and Harvey.

(2)

Operated for U. 8. Atomic Energy Commission by Union Carbide Corporation.
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III. THE CHEMISTRY OF RUBIDIUM AND ITS APPLICATION TO THE RADIOCHEMISTRY
OF THE RUBIDIUM RADIONUCLIDES

Radiochemistry is probably best described as being an analysis tech-
nique used primarily either (1) to assist in cbtaining a pure radionuclide
in some form so that an absolute measurement of its radiocactivity, radia-
tion energies and half-life can be made, or (2) to determine the amount
of a particular radioelement in & radionuclide mixture, or (3) to complete
a radioactivation analysis being used to determine the concentration of a
specific stable element in a particular sample material. In order to be
an aid in accomplishing any one of the above interests, radiochemistry
usually considers the isolation of the desired radionuclide by either
carrier or carrier-free separation methods.

Generally, carrier methods are used most frequently in radiochemistry.
They involve the addition of a small amount of inactive stable element to a
solution of the irradiated material to serve as a carrier of the radio-
nuclide of that element through the separation method. In carrier-free
separations, i.e., radiochemical techniques used mostly for absolute radio-
activity measurements, it is required that the radioelement be isolated in
a manner capable of giving either no amount or 4 minimal amount of stable
element in the final form to be used in the radiocactive measurements.

In most instances, analytical radiochemistry is dependent upon more
conventional ideas in analytical chemistry involving separations by such
methods as precipitation, solvent extraction, chromatography, volatiliza-
tion, and/or electrolysis and the subsequent presentation of the isolated
radioelement in a form suitable for a measurement of the radiocelement's
radicactivity. One major difference exists between carrier radiochemistry
and more conventional techniques in that it is not always necessary to re-
cover completely the added amount of carrier element, since a radiochemical
analysis is designed to assure that the atoms of a radicactive element
achieve an isotopic state with the atoms of the inactive element, and any
lose of the radioactive species is proportional to the "loss™ of carrier
during the separation process.

Colorimetric, polarographic, and similar analysis techniques are seldom
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used in radiochemistry, because they do not separate the desired radionuclide
from contaminants (either radioactive or stable) in the mixture being analyzed.
However, some of the developments used in these analysis techniques may

be useful in radiochemistry.

TABLE I
THE RADIOACTIVE NUCLIDES OF RUBIDIUM

Radio- Half- Mode of Energy of
nuclide life Decay Radiation, Mev Produced by
RbOY 4L,7h EC, 5 p*: 0.9 Br-o-2n
y: 0.95 abs
B2 1o5m gt Daughter 8ro2
Rbaa 6.3h EC, B+ B+: 0.T75, 0.175 Br-0-n, Kr-d-2n
y: 0.188, 0.2u8,
0.322, 0.390,
0.690, 1.31k,
0.423, 0.465,
0.558, 0.610,
0.768, 0.818,
1.02, 1.L6k4
RBO3 834  EC y: 0.45, 0.15 Br-o-2n
Rbah 23 m IT, EC 7 O.Bhgg, 0.239, Br-o-n, Rb-n-2n
S 3#a  Ec, pf, g% 1.629, 0.822, Br-o-n, Xr-o-pm,
g~ 0.373 Rb-n-2n, Sr-d-o
8 7: 0.890
o™  0,9x IT y: 0.513 Deughter Sro?
10-6 sec.
Rba&' 0.99m IT, EC 7: 0.57, 0.78 Rb-n-7, RKb-n-2n
o6 19.54 B B”: 1.82, 0.72 Rb-n-7, Rb-y-n, Sr-d-q,
g 7: 1.076 Fission U
7 2 i
b 6.0 x -} p : 0.275 Fission U
1010 y Parent Sr87
Rha's 17.8m g g7: 5.3, 3.6, 2.5 Rb-n-y
7: 2.8, 1.86, 0.90 Fission Th-U-Pa
Daughter
RbO2 15.4m p° B”: 4.5 abs Fission U
P 2.T«m p B": 5.7 abs Fission U
Root 1.6Tm B B': 4.6 abs Fission U
Mot 14 m g B : 3.0 aba Fission U
o2 80 s g Fission U
73 Short g Fission U
R'bgh Short g Fission U
Ro2? Short g Fission U
o Short B Fission U
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The information that follows generally describes the chemical behavior
of rubidium and its compounds. Many of these reactions have been used or
can be used in devising radiochemical analysis methods for the rubidium
radionuclides. More detailed information on the inorganic and analytical
chemistry of rubidium can be obtained either from the references cited in
this section or from the general references given in Section I of this

monograph.

A. The General Chemistry of Rubidium

Rubidium occurs only in minute amounts accompanying the other alkali
netuln.B) lepidolite ores can contain as much as 1% rubidium; carnallite
contains sbout 0.015%.

Metallic rubidium is best prepared by chemical methods involving either
the heating of its hydroxide with metallic magnesium in a current of hydrogen

or with metallic calcium in a \racum.(“

Small amounts of rubidium metal
can also be formed by heating the chloride compounds, mixed with barium azide,

in a vacuum.

1. Metallic Rubidium

Rubidium metal is a soft, silver-white metal having a density of 1.52.
It will melt at 39° C and has a boiling point of 696° C.
Rubidium will tarnish in air, and it will react vigorously with water.

It is easily dissolved in liquid ammonia, Rubidium amide Rbmie, can be

formed if ammonia gas is passed over molten rubidium metal. Rubidium also

reacts directly with nitrogen, and it will ignite upon exposure to oxygen.

2. The Chemical Compounds of Rubidium

Rubidium, like all the other alkali metals, has only a +1 oxidation
state. Its chemical properties are similar to those of the other alkali
metals. It will react with carbon dioxide, hydrogen, oxygen, nitrogen,
sulfur, and the halogens. The reactions of rubidium with these and other
elements is presented in some detail below. Table II shows the solubility

of many of the rubidium compounds in water and other reagents.

—
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Table II. Bolubility of Rubidium Compounds

Water Solubili
Cther Bolvents

Campouod Yormula
Bromides EbBr 987 2051133 Blightly soluble in soetous;
inscluble 1 aloohol
2. -w
— I
Chloride mel m° 1.2 138,910 0.00% alochol; very slightly sclwble »
in -,; insoluble im aloohol
mC 9 62,8300
mﬂ’ 3.5" 18100 Inscluble in alochal
Niuorises mnr 130.618 Boluble in dilute W; imsclwble in
alochol, ether and Wiy
Todides 10y 22% Vary solwble iz K1
Rulo; 0.6313
R 7 Very soluble 0.67%> aoetcne
m’ Boluble
Fitretes B0, 3.46%0 mal® Very scluble E¥0s; soluble in sostoos
Oxides Mo Boluble; Bolwble;
poses omp
72 Rb0m + Behg
M, Boluble;
Decamposss
0 Ro0R + leu;f %
Carbonates mams Very soluble Very soluble
BSulfides o8 Very solubls Very soluble
HugBp
Ibg!’
™, - Deocep Boluble 70f alochol; issaluble in
ether and chloroform
ughg
Sulfates Rv,50, Very soluble Very soluble
Phospbates ®0,, ste. Very solidle Very solubla

a. Rubidium Hydride, RbH. Rubidium combines directly with hydrogen

on heating to form RbH. It is less stable than LiH, and ‘11'.; colorless
crystals decompose rapidly on heating and vigorously reacts with water to
produce hydreogen gas.

b. The Oxides of Rubidium. Rubidium oxide, m:ao, can be produced by
heating rubidium nitrite with rubidium azide, in the absence of air. If

rubidium metal is burned in oxygen, rubidium dioxide, Bboa, will be formed.
R'b02 is readily fusible, and it can give up its oxygen to an oxidizable
substance when heated.

c. Rubidium Hyiroxide, RbOH. Rubidium hydroxide can be prepared either

by the electrolysis of aqueous rubidium chloride, RbCl, solutions or by

reacting Rbasou with barium hydroxide. RbOH is highly deliquescent, and it
i8 very soluble in water and alcohol. Its chemical behavior is similar to

that of potassium hydroxide, KOH. It forms strong basic solutions, and it
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can be readily volatilized when strongly heated.

d. The Nitrogen Compounds. Rubidium can react with nitrogem in an

electric discharge tube to form either rubidium nitride, Rb3!’ or rubidium
azide, Rbll3. These salts are highly colored, and they can be repidly decom-
posed by water or alcohol %o produce RbOH and !BB.

Rubidium nitrate, R‘bno3, is isomorphous with potassium nitrate, m3.

It is more soluble in hot water than in cold, and it will form additiomn
compounds with EN03 that have similar compositions and behavior as those
formed by K:m3 in its reactions with nitric acid.

e. The Sulfide and Sulfate Compounds. Rubidium will react with

sulfur in varying amounts to form a series of sulfide compounds, e.g.,
Rbas, Rbesa, Rb233, Rbass, Rb236. Moet of the sulfide compounds are solu-
ble,or will decompose in water or alcohol.

Rubidium sulfate, m:asoh, is isomorphous with potassium sulfate, xasoh

Its melting point is at 1074° C, and 1t will form mixed salts with sulfates
of aluminum, iron, and the bivalent metals. Most of the sulfate compounds

are soluble in water. Rubidium bisulfate, RbHSOu, can be produced by

heating a mixture of nbasoh and aesoh. RhHSJh will dissolve in water to
give an acidic solution.

f. The Halogen Compounds of Rubidium. Rubidium fluoride, FbF, can
be obtained by neutralizing hydrofluoric acid with RoOH. Rubidium chloride,
RbCl, can be obtained by a neutralization of the carbonates or by an ignitiom
of the chloroplatinates. If a hot solution is treated with bromine or iodine,

rubidium bromide, RbBr, and rubidium iodide, Rb, can be produced. All of the

rubidium halide salts are completely ionized and are readily soluble in water
at room temperature.

Rubidium chlorate, R‘b0103, or rubidium perchlorate, HbCJ.Ou, are salts
of the oxygen acids of the halogens. They can be prepared in the same manner
as the potassium salts.

g The Phosphate Compounds of Rubidium. Rubidium hydroxide, like

potassium hydroxide, can also enter into reaction with H, PO, to form

3
various phosphate compounds, chief of which is Rb3P0|._. The phosphate

compounds are very soluble in water, and their aqueous solutions vary in
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their acidity and alkalinity. HbsPOh is stable toward heat.

h. The Carbonate Compounds. Rubidium carbonate, R‘b2003, is prepared

by treating m:asoh with barium hydroxide and evaporating with ammonium

carbonate. Rubidium hydrogen carbonate, RbHOOa, is produced either by

passing carbon dioxide gas into a saturated solution of Hb2003 or by
passing carbon dioxide over a mixture of m:aaoh and charcoal. Rb2003

3 solutions are alkaline because of. the basic action of CO,  ions

and RbHCO 3

and the slight hydrolysies of the Hma' ions,

i. Other Rubidium Compounds. Permanganate, Wh; chromate, m:ecroh;

dichromate, HbE,Cron; hexachloroplatinate, RbaPtCJ.s; alum, RbAl(SOu)e'li’HEO;

and hydrogen tartrate, RbH(clLHhOG)’ compounds of rubidium are known. All

of these compounds are formed from similar chemical reactions used to form
the corresponding potassium salts. Their reactions with other chemical

agents are very similar to those for the potassium salts.

B. The Analytical Chemistry of Rubidium

Rubidium can be determined gravimetrically as RbCl, R'bClO]‘_, m:asoh, or
m:a_(ptms).(f” An alcoholic solution of tin chloride has also been mixed
with a concentrated HCl solution of RbCl to produce the hexachlorostamnate
compound, Rba(SnCIGJ.(G) Dipicrylamine has also been used to produce the
compound , (ma]scsﬂa'NRb'Csﬂz{Noah. 6-chloro-5-nitro-m-toluene sulfonic
sc1d will produce the sulfonate compound, CH,:CeH,(C1)(NO,)80Rb. )

Duval,ts} in his pyrolysis studies, has shown that these compounds are
suitable for the gravimetric determination of rubidium. Thus, these com-
pounds can also be used in the radiochemical analysis of sample materials
for the radicactive rubidium isotopes.

The isolation and separation of rubidium from other elements has been
completed by such analytical techniques as precipitation, solvent extraction,
and chromatography. These separation methods can generally be described as
followe:

1. BSeparations By Precipitation. Rubidium and the other alkall

elements (sodium, lithium, potassium, and cesium) can be best separated

from other elements by the methods of Berzeliuata) and Smith. (9) The
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Berzelius nethod.(a) and its mdincat.ions(m-m) uses mixtures of

HP-HC10),-B>80), to decompose the materials and then converts the alkali
sulfates to chlorides for the final precipitation of a suitable rubidium
(9) (12-14) decomposes
the rubidium-bearing material by heating it in a mixture of calcium car-

compound. (5°7)  gmitn's metnoa®’ and 1ts moaifications
bonate and ammonium chloride. c%mu,-ngimorrmtmm
reduces to lime and calcium chloride. Contimued heating in this mixture
converts most of the metals to low-solubility oxides while the calcium
chloride sinters the mass. After cooling, the mass can be extracted with
water; all of the alkali metals and a small portion of the calcium extract
as chlorides. The calcium is removed from the mixture by precipitating it
wvith ammonium carbonate and oxalate. Following filtration, the soluble
rubidium (and other alkali metal) salts can then be converted to a suitable
gravimetric compound.(s'?)

Barium, strontium, magnesium, borates, sulfates, and phosphates will
interfere in either of these methods for the determination of rubidium and
the other alkali metals. The removal of calcium by an ammonium carbonate
aud oxalate precipitation also removes barium and st:vntim.(ls) Magnesium
can be separated either by a precipitation of magnesium ammonium phouphntc(ls)
or magnesium oximte.(”) Borates can be volatilized from the chloride
solution as net}wl borates by adding methyl alcohol to the sclution and
evaporating the mixture to drymas.us) Sulfate ions can be removed from
the solution as 'Ba.mh by adding barium chloride solution to the chloride
-:bctm;(ls) the excess barium can be removed by a precipitation with

18)

amnonium carbonate.(ls) Precipitations, either with zinc carbonnte( or

with an h013 solution at a controlled pﬂf‘ls ) will remove phosphates.
¢y Rubidium may be separated from sodium and lithium by a precipitation

as chloroplatinate or as perchlomte.(s)

In the chloroplatinate method,
the sodium and lithium chloroplatinates and the precipitating agent,

H,PtCle, are soluble in 80% ethyl alcohol and can be easily separated from
the . insoluble RbaPt016. Several extractions of the chloroplatinate salts

may be necessary to remove all of the lithium. Lithium chloroplatinate
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can also be used as the precipitating agent.(19) Potassium and cestum

also form insoluble chloroplatinates and will interfere in this separation.

If the chloroplatinates are precipitated from a nitrate solution with

H,PtClg, rubidium (and K and Cs) can be separated from large amounts of

sodium, iron, aluminum, manganese, and other nalts.(ao) Quantitative
separation of rubidium (and K and Cs) from the same elements can also be
obtained by dissolving the chloroplatinates obtained by an 32H016 precipitation
from a chloride solution in 60-70% alcohol and a few drops of ethyl ether. (20)
In the perchlorate mthod,(ﬁ) butyl alcohol - ethyl acetate and ethyl
alcohol-0.2% HCth mixtures have been used to extract the soluble sodium

(and 1ithium) perchlorates from the insoluble perchlorate salts of K+l

Cs+1, N:Hh*l, and '1‘1"'1. Sulfate ions must be absent because sodium sulfate

+1
, b7,

is also insoluble in the solvents used for the extraction. Magnesium,
the alkaline earths, nitrates, and phosphates do not interfere in the
perchlorate method.

Rubidium can be separated from sodium, lithium, and many other elements

by the trisodium cobaltinitrite method,(21-28) y+1 HH;'I, ce*l, vt u*6,

so*3, B1*3, ana sn*

interfere in this method. Rubidium can also be
separated from large amounts of sodium by saturating an acid solution with
gaseous hydrochloric acid( 15) to produce NaCl.

Rubidium (and cesium) can be separated from potassium by precipitating

them from a dilute HNO, solution with 9-phosphomolybdic acid. (20,29)

3
Rubidium, potassium, and cesium can be separated from sodium and lithium

by a chloroplatinic acid precipitation, (20,30-32) converted to the chlorides
and the potassium separated by extracting the chloride mixture with absolute:
alcohol(33' 34) saturated with hydrochloric acid gas., The rubidium and
cesium chlorides are insoluble in this mixture. However, this method is a
rather long and tedious one and it is sometimes necessary to re-extract the
chlorides in order to remove all of the KCl. Depending upon the concentra-
tions of all three elements, each element can interfere in the determination

of the others.

2. Separation By Electrolysies. Although the alkali metals cannot

be separated from solution by electrodeposition, their separation from other
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elements can be effected by electrolysis with a mercury cathode at a controlled

potential. (35)

The alkali metals and the alkaline earth metals can

be left in solution, while elements such as copper, cadmium, iron, cobalt,
nickel, and zinc are deposited on the cathode. Specific separations of
the metal, in thies instance, rubidium, would have to be made fram the

electrolyzed solution.

3. Solvent Extraction Separations. Bock and Hoppe{ 3) have

shown that the polyiodides of the alkali metals can be extracted with
nitromethane. Their distribution ratios increase in the order Li < Na <
K < fb < Cs and are dependent upon the amount of free iodine added to the
system.

Rubidium (and cesium) can be quantitatively extracted from a sodium
tetraphenylboride, M(Cﬁﬂs}h, solution into nitr‘obenzene.(n) The use
of 80% ethyl alcohol(lg’ 20,30-32) to separate insoluble potassium (and Rb
and Cs) chloroplatinates has already been reviewed sbove. Similarly, the
use of butyl alcohol - ethyl acetate or ethyl alcohol - 0.2% HC10, mixtures
inseparating the alkali perchlorates has already been diacuased.(s) Addi-

tional information on this separation is given elaevhere.ua'he)

L. Chromatography Separations.

a. With Jon Exchange Resins. Cohn and Kohn(h” have used a Dowex-50

resin column and 0.15 N HCl as the eluate to separate Rb from Na, K, and

(k)

Cs. Beukenkamp and Rieman have also used Dowex-50 resin columns to

separate Rb from the other alkalis. The separation was effected by using

0.70 N HC1 as the eluant. Brooksbank, et al.,{k‘j} and Kayu(hs)

have
separated Rb from Na, K, and Cs by use of an Amberlite IR-100 resin colume.
Na and K were eluted from the column with 0.1 N HCl and Kb separated from

(47,48) in his studies on the preparation of KCl,

Cs with 1 N HCl. Kakihans
has also used a cation resin column to separate rubidium from large
amounts of KCl. Rubidium has also been separated from ‘the other alkali
metals contained in insoluble silicates by an ion exchange method.(hg)
Iithium and sodium complexes of the chelating agent, ethylenediamine-

tetraacetic acid, EDTA, can be separated from Rb, K, and Cs, and from each

10
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other, by eluting an anion resin column of Dowex-1 (4% crosslinkage) with
0.13 M EDTA solution.(so)

b. By Paper Chromatography. A paper chromatographic technique

using phenol saturated with 2 N HC1 has been used for the purification of
86

radicactive Rb~ from other rad.ioelenenta.(sl) The rate of Rb"']' movement
upon a paper chromatogram has also been studied for solvent systems such
as dipicrylanine 1n Na,C0 solution, (92) aleohols 1n BCL, (53*%*) a1comors
in ma,(”) ketones in Hc1,(56) butanol—]ﬂ!r,(sn and phenol.(55)

Rubidium has been separated from K and Cs by use of solvents composed
of either conc. HCl-methanol-n-butanol-iscbutylmethyl ketone ,(58) or phenol
saturated with 2 N HCl.(sg) The alkali acetates can also be separated by
paper chromatography using ethanol-2N acetic acid as a solvent. (60)
Propanol-methanol mixtures as solvents have also been used to separate
alkali hydroxide, citrate, snd sulphate mixtures,(61-63)

Rubidium (and cesium) have been separated from potassium by using conc.
HCl-methanol-n-butanol-isobutylmethyl ketone as a aolvent(&} and by phenol
saturated with 2 N I!Cl.(ss}

In an electrolytic method, involving the placing of the paper chroma-
togram sprayed with phenolphthalien between two graphite electrodes for 5
seconds at a voltage of 6 volts, Kume, et ‘l’(ﬁﬁ) have shown that Fb could

be separated from the other alkali metals.

IV. DISSOLUTION OF SAMPLES CONTAINING RUBIDIUM

Most of the analytical methods used in determining rubidium and the
other alkeli metals require that they be collected as the chlorides. Most
of the rubidium salte are readily soluble in water or dilute acid; most
metals and alloys containing rubidium cen be put into solution with acids
such as HCl, HNO3, HF, or a combination of these acids.

Some rocks and minerals are soluble in HCl. However, when the rock or
mineral is not acid soluble, either the Berzelius nethodw) or the Smith
mt.hod(g) can be used to dissolve the sample. In the Berzelius mat.hod(a)
the rock is attacked with HF and By80) end the excess fluorine and silicon

removed by a distillation, followed by a removal of all metals except the
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alkalies. The alkali sulfates are then converied to chlorides. In the
Smith uthol't,(9) the powdered rock is heated with a mixture of emmonium
chloride and calcium carbonate. Under these conditions, the alkali metals
are converted to chlorides which can be extracted by water.

Boils can be decamposed by treatments with emmonium scetate, HCl,
and aqua regta, (67:69)

and w.ﬁl’ Biological materials, such as tissues, body fluids, vege-

or by leachings with either ENs,(69) m.m,(T0)

tation, etc., can be decomposed with HCl, HNO3, HNO3-Hp804, or HNO3-HC1O
txtares. (61,60

If any of these dissolution techniques are used in a radiochemical
separation of the rubidium radiomuclides, the addition of inactive rubidium
carrier to the mixture before decamposition begins would greatly assist in
achieving an isotopic exchange between the radicactive and inactive rubidium
atoms. The exchange should be rapid and complete, since rubidium exists in

only one oxidation state.

V. BSAFETY PRACTICES

The solubilization and the processing of any material by chemical
moans inherently can be hazardous. In any analysis for an alkali metal,
it should be noted that some of the inactive alkali metal compounds can
be extremely toxic and should be treated carefully. Likewise, some of
the reagents used in decomposing a sample and completing an analysis can
be harmful. Thus, adequate safety precautions should be followed in
processing any sample material. Pileters and Creyghton'e mnl(ﬁ) on
ssfe laboratory practices, as well as others on laboratory safety, should
be consulted before any analysis is undertaken.

The processing of a radicactive materisal in a laboratory area greatly
magnifies the needs for safe laboratory practices. If redicactivity is
discharged into a laboratory area by evolution or spillage, hazardous
conditions for personnel and widespread contamination can result. Safety
practices followed in the processing of radiocactive materials appear in
such sources as the Oak Ridge National Iaboratory's Master Analytical

Ilmm.l(?” and in the Intermational Atomic Energy Agency's publication,

12
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entitled, "Safe-Handling of Radioisctopes."”h) Many other similar sources

of information exist and should be consulted.

VI. COUNTING TECHNIQUES FOR THE RADIOACTIVE RUBIDIUM ISOTOPES

The nuclear characteristics of the radioactive isotopes of rubidium
are summarized in Table I of this monograph. Rubidium has a naturally
occurring radiosctive isotope, RbO!. b7 decays with half-life of 6 x 100
years,

Rubidium radioisotopes most frequently measured are R.'b86 (19.5 4)
and RbBB (17.8 m). Counting techniques such as Geiger-Mueller counting,
proportional counting, or gamma scintillation spect.rmtry”s-?g) are
used in measuring the radioactivity of these radioisotopes. Generally,
a sample material must be processed radiochemically before any of these
radicactivity measurements can be made. However, it should be possible
to determine either of these rublidium isotopes by a nondestructive

game scintillation spectrometry method.(79)

VII. COLLECTION OF DETAILED RADIOCHEMICAL PROCEDURES FOR RUBIDIUM RADIONUCLIDES
The radiochemical procedures that now exist for the determination of

the rubidium radionuclides have evolved from ideas and techniques similar

to those reported in Section III of this monograph and reflect on the

requirements of each investigation that has been undertaken. Both carrier-

free and carrier separation techniques have been employed.

An ion-exchange method has provided carrier-free rubidium radioactive
t.racer.(ks) The solvent extraction separations, as well as the chromatography
methods reported in Section III above, suggest possible carrier-free separa-
tions for the radioactive rubidium isotopes.

Carrier methods have also been used in the preparation of radicactive
rubidium tracers (80) and separating them from fission pmducts.(sl) In
addition, carrier methods of radiochemical anal ysis have been used to deter-
mine rubidium by radicactivation analysis.(aa’as) The procedures that have

been used in the radicactivation analysis determination of trace rubidium
in water, (84,85) vegetation, (8%) alkali metals,(%) met.eorites,(a?) minerals, (67,88)
(k5,8W)

rocks ,{87’89) alkali metal salts, sodium-potassium alloys ,(90)

13
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and sea water (89,91) are given in some detail in this section.

Each radiochemical procedures that follows gives information about
the procedure’s use, type of nuclear bombardment, type material analyzed,
separation time, etc. In addition, available information regarding the
ease with which the rubidium isotopes can be separated from other radio-

activities is presented.

PROCEDURE 1
Procedure Used In: Radiocactivation analysis
Method: Ion Exchange (carrier-free separation)
Element Separated: Rb% (19.5 a)

Type Material Analyzed: Alkali carbonates and chlprides,{hs'&J water, (84)
and vegetation.(ah)

Type Kuclear Bombardment: Rst(n,y)Rbas

Procedure By: Brooksbank and T.addicott.e{hs) (Reported in detail by
Leddicotte(8l4)

Separation Time: Several hours

Chemical Yield of Carrier: A carrier-free separation
Decontamination: Excellent from radionuclides of Na, K, and Cs.
Equipment Required: Ion exchange columns

Procedure:

A. Irradiation of Sample Material

1. Irradiate known amounts of test (Note 1) and comparator samples (Note 2)
in a neutron flux of at least 6.5 x 101t n/sac/cma for 16 hours or longer (Note 3).
Prepare the test and comparator samples for the irradiation either by wrapping
each specimen in aluminum foil or placing it in a quartz ampoule. If the
sample is a liquid, small polyethylene bottles can be used to contain the
sample during the irradiation (Note L).

B. Preparation of Irradiated Materials for Analysis.

I. The Comparator Sample

1. After the irradiation, quantitatively transfer the comparator sample

(Note 2) to a 100-ml volumetric flask. Dissolve the sample in a small measured

14
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PROCEDURE 1 (Continued)

volume of distilled water; then dilute the solution to 100 ml with water. Mix
the solution thoroughly by shaking it carefully.
2. By means of a l-ml volumetric pipet, trensfer an aliquot to a
second 100-ml volumetric.flask; then dilute the aliquot to 100 ml with water.
3. Shake the solution thoroughly; then pipet an aliquot of this solution
directly to the top of the ion-exchange column (Notes 5 and ). Then proceed
in the manner described below in Step 1 of Part C.

II. Solid Test Samples

1. If the sample is a solid, quantitatively transfer the test portion
into a 50-ml glass centrifuge tube, and then add dropwise to the same centri-
fuge tube enough concentrated HC1l to completely dissolve the sample, If
necessary, heat the mixture to dissolve the sample. Transfer the solution
of the irradiated sample to the top of the ion-exchange column (Notes 5 and 6).
Then continue with Step 1 of Part C below.

III. Liquid Test Samples

1. Pipet an aliquot of the irradiated test portion directly on to the

top of the ion-exchange column (Notes 5 and 6); then continue with Step 1

of Part C below.

C. Ion Exchange Separation of Rubidium

1. Connect the ion-exchange column to a reservoir (Note 7) that contains
& supply of 0.1 M HCl. Adjust the flow rate so that the eluate flows from the
column at the rate of 1 ml per minute.

2. Continue the flow of the 0.1 M HC1l through the columm and collect and
discard the first 400 ml of eluate that passes through the column (Note 8).

3. Collect the next 500 ml of eluate and discard (Note 9).

4. Collect the next 700 ml of eluate and discard (Note 10).

5. Allow the flow of the eluate to continue until an additional 800 ml
has been collected in a new collection vessel (or series of beakers). Process
this fraction of the eluate as instructed in Step 1 of Part D below.

6. If cesium is not to be determined, stop the flow of eluate from

the column after this collection (Note 11).

15
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PROCEDURE 1 (Continued)

D. Preparation of Rb86 Eluate For Radiocactivity Assay

1. Evaporate to dryness the solution that was collected in Step 5 of
Part C above. Add 1 to 2 ml of conc. HCl to the beaker, and then wash the
solution into a 10-ml volumetric flask. Rinse the beaker with small portions
of HQO, transfer the rinsings to the flask, and dilute the solution to volume.

Assay the solution for Rba6 radicactivity as instructed in Part E below.

86

E. Measurement of Rb ~ Radioactivity and Cslculation of
Stable Rubidium Content of Test e
86

1. The Rb  radiocactivity in both the test and comparator samples may be
assayed by beta or gamma counting. Use a Geiger-Mueller counter for the beta
measurements and a gamma scintillation counter for the gamma measurements
(Note 12).

2. Following the radiocactivity measurements, correct the observed Rb86
radioactivity for decay (Note 13), dilution volume(s), and the sample weights
(or volumes) of both the test and comparator samples. A simple ratio of these
corrected radicactivities becomes a measurement of the amount of stable
rubidium in the test sample:

86

Corrected Rb™~ radioactivity in Test Sample

% Fb in Test Sample = TG
Corrected Fb  radiocactivity in Comparator Sample

X 100

Notes:

1. Use at least 0.1-0.2 gram portions.

2. Use from 0.025 to 0.030 gram of rubidium carbonate.

3. The limits of measurement for this procedure is about 0.05 micrograms
of rubidium.

4., This type of sample will have to be irradiated in an air-cooled or
water-cooled facility of the reactor.

S. The ion exchange column is composed of 100- to 120-mesh IR-1 (or Ir-100)
resin packed into a glass column 1 cm in diameter and 100 cm long. A small
glass wool plug at the base of the column holds the resin in the column. The

resin 1s pretreated with a solution of 0.1 M HCl. The treatment consists of

16
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PROCEDURE 1 (Continued)

pessing the 0.1 M HC1 solution over the column until the desired molarity
(0.1 M) is obtained.

6. The transfer may be made by use of a volumetric pipet. If it is
necessary to rinse the pipet, use 0.1 M HCl ae the rinse liquid. In transfer-
ring the radiocactive solution on to the columm, exercise care in delivering
the solution from the pipet so that the resin at the top of the column will
not be disturbed.

T. A dispensing bottle of at least 3-liter capacity is suitable for use
as a reservoir. Tygon or rubber tubing may be used to conneuvt the reservoir
to the column.

8. This solution may contain radioactive anionic constituents as well as
separated No,au (15 h) radioactivity; the presence of these should not be con-
fused with Kke or Kba'6 whichare eluted later.

9. This particular procedure is designed to separate Na, K, Fb, and Cs
in alkali carbonates and chlorides. This fraction will contain Haah (15 n),
and it can be processed for the amount of stable sodium in the sample, if a
sodium comparator sample has been used in the irradiation. l

10. This fraction will contain Kh2 (12.8 n), and it can be processed
for the amount of stable potassium in the sample, if a potassium comparator
sample has been used in the irrediation.

11, If Cs is to be determined, continue as follows: Strip the column
with at least 1 N HC1l and process this fraction for Cs. Cesium comparator
samples should have been irradiated, if stable Cs is to be determined in
a sample.

12. Gamma-ray energy discrimination may be used here.

13. Decay measurements may be followed, if required.

17
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PROCEDURE 2
Procedure Used In: Preparation of radiocactive tracers
Method: Precipitation
Element Separsted: RO (19.5 d)
Type Material Bombarded: Bismuth

Type of Ruclear Bombardment: 184" cyclotron (388-Mev alphas; 348-Mev protons;
. 194%-Mev deuterons)

Procedure By: Goeckermann (Reported by Me:l.nketao))
Separation Time: Several hours

Chemical Yield of Carrier: ~ 30%

Decontamination: 103

Equipment Required: Standard

Procedure:

1l.. To aliquot of nm3 solution of target, add 20 mg Fb and Cs and 5 ml
conc. HCth. Evaporate to fuming, cool, transfer to centrifuge tube with
15 ml absolute EtOH. Cool in ice bath 10 min. with stirring. Wash ppt
twice with 10 ml absolute EtOH.

2. Dissolve in dilute HCL and scavenge with Te, Ru, Sn, Sb, and Ag
sulfides (2 mg each) by adding B S.

3. Scavenge with NH, pptn of la, Ce, Y, Zr, and Cb (2 mg each).

k. Scavenge with Srsand Ba carbonates (& mg).

5. Acidify with HC1, repeat (2).

6. Repeat (3).

T. Scavenge with IA(OH)3.

8. Scavenge with Sr and Ba carbonates and Y, Zr, and Cb hydroxides.

9. Acidify with HCl, evaporate to dryness in a Pt dish, destroy !thl
bynddingafevdropsmnsmdbnkinacanmly (do not overheat or Cs may
be lost).

10. Dissolve in a minimm of nao, transfer to a cone and centrifuge
out any residue, evaporate to dryness in the cone. Add 6 ml H,PtCl, and
6 ml EtOH, wash Rb and Cs chloroplatinates with EtOH.

11. Dissolve in HCl and repeat Te sulfide scavenging.

12. Repeat un3 pptn of la and Fe hydroxides.

18
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PROCEDURE 2 (Continued)

13. Repeat Sr and Ba carbonate scavenge.

14, Acidify with HNO,, add HCl, evaporate to dryness, bake off ammonium

3’
salts carefully again.

15. Cs - Take up residue in 20 ml 6 N HC1, add 1 ml silicotungstic acid
solution and digest. (Save this supernate for Rb fraction).

16. Rb - Ppt a Cs silicotungstate scavenge from the supernate saved.
Evaporate until crystallization begins, add HZPI:CIG and EtOH, filter, wash

with EtOH, dry 10 minutes at 110° C. Weigh as Rb,PtCl, (33.9 mg per 10 mg Rb)

PROCEDURE 3
Procedure Used In: Preparation of radiocactive tracers
Method: Precipitation
Element Separated: Rb% (19.5 a)
Type Material Bombarded: NH,Br
Type of Nuclear Bombardment: LO-140 Mev alphas
Procedure By: Karraker (Reported by Meinke{ao)}
Separation Time: ~ 30 minutes
Chemical Yield of Carrier: ~ Lo%
Decontamination: 1()2
Equipment Required: Standard
Procedure ;

: NHhBr in porceleain crucible, add a few drops of dilute HCl, then
heat strongly in hood, using burner, N‘RhBr sublimes off, Kr activities
evaporate. Continue heating until no more solid is visible. Wash crucible
with & small amount of dilute Hm3' (For mass spectrographic purposes,
this is sufficiently pure).

2. Add sbout 1 mg Rb carrier, and scavenge the solution with few mg
of Te(OH)S, choa, AgCl, and any sulfide. This, practically speaking,

removes all impurities except alkalis.
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PROCEDURE &
Procedure Used In: Preparation of radicactive tracers
Method: Precipitation
Element Separated: Il'b86 (19.5 4)

Type Material Bombarded: SrCth (tracer or with 50 micrograms of carrier)
in 10 M HCth. -

Type of Analysis: Milking Experiment
Procedure By: Castner (Reported by Meinke(eo))

Separation Time: 20 minutes
Chemical Yield of Carries: ~ 50%
Decontamination: Less than 2% Sr carried along
Equipment Required: Standard
Procedure:
1. Solution is heated in boiling H,0. (Solution volume = 1 ml.)
50 i gus RONO, are added. Stir.
2. Cool in ice bath and let stand for 5 minutes. Centrifuge and
remove supernatant for later milking. (The KbCth may be dissolved in
any solution if heated.)
3. Add 250 A saturated lhacaoh solution, and heat until just dissolved.
L, Add 50 p gms Sr' solution and centrifuge the ppt while the solution
is still hot.

5. The supernatant containing the Kb is then removed.

PROCEDURE 5
Procedure Used In: Separation of Rba6 from fission product mixtures
Method: Precipitation
Element Separated: 26 (19.5 4)
Type Material Bombarded: Uranium
Type of Nuclear Bombardment: n,fission
Procedure By: Stanley (Reported by Kleinbergwl))
Separation Time: Several hours

Chemical Yield of Carrier: Quantitative

20
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PROCEDURE 5 (Continued)

Decontaminations Radiochemically purity possible
Equipment Required: Standard
Procedure:

1. Pipet 5 ml of the Fb carrier solution into a 125-ml Erlenmeyer flask.
Add the sample and then 5 ml of conc. mamdanlor'roﬁncmh. Add 4 drops
each of Ba and Sr holdback carriers. Boil the solution to dense, white fumes,
cool to room temperature, and transfer to a LO-ml conical centrifuge tube with
20 ml of absolute ethanol. Cool in an ice bath for 10 min. and centrifuge
(Note 1). Wash the RbClOk precipitate twice with 10-ml portions of absolute
ethanol, discarding the washings.

2. Dissolve the RbCl0, in 10 ml of Hy0 by heating nearly to boiling.
Add b drops of Fe carrier and 2 drops of phenolphthalein indicator solution.
Add 6 M NH)OH until the solution is basic. Centrifuge and transfer the
supernate to another centrifuge tube, discarding the precipitate. Repeat the
re(on)3 precipitation two additional times.

3. To the supernate add 1 ml of Ba carrier and 4 drops of Sr carrier.

Add 1 ml of 2 M uaaco and centrifuge. Transfer the supernate into another

3
centrifuge tube which contains 1 ml of Ba ‘carrier and L drops of Sr carrier.
Centrifuge and decant into a 125-ml Erlenmeyer flask, discarding the
precipitate.

4. Add 2 drops of 6 M NeOH and heat to boiling. Make certain that
slltbelm3 is boiled outmdadd5n10f6l_lm003
Boil to white fumes, cool to room temperature, and transfer to a centrifuge

and 8 ml of H.Clok.

tube with 20 ml of absolute ethanol. Cool in an ice bath for 10 min and

centrifuge, decanting the supernate into running H,O. Wash the RbCth

2
precipitate twice with 10-ml portions of absolute ethanol.

5. Dissolve the RhCth in 7 ml of Heo and add 1 ml of Cs carrier solution.
Heat nearly to boiling and add 3 ml of BiIB-EI reagent. Cool in an ice bath
and centrifuge the 03331219 precipitate, Decant the supernate into another
centrifuge tube and discard the precipitate. Add 1 ml of 3113—-51 reagent,
heat nearly to boiling, and add 1 ml of Cs carrier. Cool in an ice bath and
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PROCEDURE 5 (Continued)

centrifuge. Repeat four additional times for a total of six precipitations
of 0531'!1219. Before the final centrifugation, add a drop or two of aerosol
solution. Decant the final supernate into a 125-ml Erlemmeyer flask.

6. Boil the solution nearly to dryness. Add 2 ml of conc. H]ll!)3 and boil
off the 12 which forms. Boill the solution to dryness and add 5 ml of conc.
HCl. Boil again to dryness and again add 5 ml of conc. HCl. Boil to drymess.
Add 1 ml of conc. HCl and transfer to a centrifuge tube with 20 ml of HEO'

Precipitate Bi by passing in Has gas. Add a drop of amerosol and centrifuge.

2%3

Decant the supernate into a 125-ml Erlenmeyer flask and discard the precipitate.
T. Add 5 ml of conc. HCl and boil out the H.QS. Add 5 ml of conc.

H.NO3 and 8 ml of HClOl‘ and boil to dense, white fumes. Cool to room

temperature and transfer to a centrifuge tube with 20 ml of absolute

ethanol. Cool in an ice bath for 10 min. and centrifuge. Pour the

supernate into running H,0. Wash the precipitate twice with 10-ml

2
portions of absolute ethanol.

8. Add to the precipitate of HbCth, 15 ml of SnClh reagent. Heat
on a steam bath for a few minutes, stirring occasionally to insure con-

version of the RbClOl‘ to Fb 511016. Centrifuge and discard the supernate.

2
9. Dissolve the R‘b25n016 in 20 ml of 320 by heating. Pass in

Hes to precipitate Sns2 Centrifuge and decant the supernate into a

125-ml Erlenmeyer flask, discarding the precipitate. Add 5 ml of conec.

HC1 and boil nearly to dryness. Transfer to a centrifuge tube with 5 ml

of H20 and again pass in H,S. Centrifuge and transfer the supernate to a

2
125-ml1 Erlenmeyer flask.
10. To the supernate add 5 ml of conc. HCl and boil out the H23. Add

5 ml of cone. HNO, and 8 ml of HC10, and boil to dense, white fumes. Cool

3
to room temperature and transfer to a centrifuge tube with 20 ml of absolute
ethanol. Cool in an ice bath for 10 min. and centrifuge. Discard the
supernate in running H20.

11. To the precipitate add 5 ml of saturated sodium hydrogen tartrate

and about 250 mg of solid sodium hydrogen tartrate. Heat until solution
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PROCEDURE 5 (Continued)

occurs. Cool to room temperature end allow to stand for 1/2 hour. Centrifuge
and discard the supernate.

12. Dissolve the precipitate by heating with 5 ml of 1120 and transfer to
a 125-ml Erlemmeyer flask. Adil0 ml of conc. HCl, 5 ml of conc. m3, and 8 ml
of HC10),. Warm and set on a steam bath for a few minutes. Boil until
the NO, fumes disappear and add a few drops of BNO3 (Note 2). Boil
until dense, white fumes appear, and cool to room temperature. Transfer
to a centrifuge tube with 20 ml of absolute ethanol and cool for 10 min.
in an ice bath. Centrifuge and discard the supernate into running BEO'
Wash twice with 10-ml portions of absolute ethanol.

13. Dissolve the RbCl0, by heating with 5 ml of H,O and transfer
to a 125-ml Erlenmeyer flask. Boil out the ethanol and add 5 ml of conc.
HNO3 and 8 ml of HC].OI‘. Boil until dense, white fumes appear. Cool to
room temperature and transfer to a centrifuge tube with 20 ml of sbsolute
ethanol. Cool for 10 min. in an ice bath and centrifuge, pouring the
supernate into running 320. Wash twice with 10-ml portions of absolute
ethanol (Note 3). Slurry the precipitate in 5 ml of absolute ethanol and
filter on a weighed Whatman 42 filter paper disk, 7/8" diameter, using a
ground-off Hirsch fumnnel and a filter chimney. Wash down the sides of
the funnel with small portions of absolute ethanol. Dry at 1100 C for

15 min., cool for 10 min., and weigh. Mount and count immediately (Note 4).

Notes:

1. If it is necessary to save this supernate for recovery of uranium,
pour into 50 ml of H20 in a beaker and set aside. Otherwise, pour immediately
into running H20 to decompose the explosive ethyl perchlorate which will have
formed.

2. This is a step requiring considerable caution. The tartrate occasion-
ally does not decompose until it is in the hot HClO,‘ solution in which case
there is danger of explosion. If the solution suddenly turns black during

heating, quickly add 1 to 2 ml of conc. HNO, to oxidize the organic material.

3
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PROCEDURE 5 (Continued)

3. The m:rnoh precipitate must be washed thoroughly with ethanol

to remove BCI.O,.. If this is not done, the filter paper will char on
drying.

4. 8ince 19.7 d Hb% is a shielded isotope formed in very low yield,
the counts will be very lov. Therefore, a low background counter is

recomnended.,

PROCEDURE 6

Procedure Used In: Radioactivation analysis
Method: Precipitation
Element Separated: RbBG (19.5 a)
Type Material Bombarded: Water (oo
Type of Fuclear Bombardment: Rbaé(n,y)l!baa
Procedure By: Blanchard, Leddicotte, and Moeller(oo)
Separation Time: Several hours
Chemical Yield of Carrder: 60-T0%
Equipment Needed: Standard
Procedure:

1. 30 mls of water vare placed in a polyethylene bottle and irradiated
for 16 hours in & flux of 6.5 x 10°T n/c:nafsec.

2. If any specific element, such as rubidium, is to be analyzed

quantitatively, a known amount of m:aoo is irradiated along with the water

3
sample. The standard is processed in the same manner as the unknown sample.
3. The radiochemical separation ie carried out as outlined in "The
Chemical Separation Scheme" attached.

L. The rubidium is found in the last step (Part II of the "Scheme")
as the Soluble Group along with sodium, potassium, and cesium. Because of
the hah (15 d) gammas, a further separation of these elements are

made by forming the perchlorates and dissolving the sodium perchlorate in a
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PROCEDURE 6 (Continued)

mixture of butyl alcohol and ethyl acetate, Rubidium and
potassium perchlorates are insoluble under these conditioms.

5. The radioactivity of either the "Soluble Group" or the insoluble
perchlorates 1s analyzed by gamma scintillation spectrometry. Khe decays

with gamma radiations of 1.51 Mev and a half-life of 12.8 h; Hbss

decays
with gamme rediations of 1.054 Mev (Note 1).

6. Following the radioactivity measurements, correct the observed
Rb86 radiocactivity for decay, dilution volume, sample and yield weights
for both the sample and standard. A ratio of these corrected radio-
activities becomes a measurement of the amount of stable rubidium in

the water sample:

Corrected R‘b86 radioactivity in H20 sample X 100

% Rb in B0 semple =
Corrected R‘hs','B radiocactivity in standard sample

Note:

1. A decay study will assist in resolving the interference of Kh2

56-

in the measurement of Rb

Chesxdcal Beparation Scheme
xjmmmznqhwnsouummmtnmw. Aerste to remove radioactive gases.
Acidify wvith ENOs and sdd Cl, Br, I, Cu, As, Pe, Y, Co, Mn, Zn, Ba, Sr, Ca, Na, and K carriers.

Precipitate C1, Br, and I with slight excess of Ag. Heat to cosgulate the precipitate. Centrifuge.

I)!m tate: ngmsmunumuwo.s!m. Baturate with HgS. Centrifuge.

m m ) Precipitate: 5) : Transfer to beaker. A4d 1 ml comc, HCl. Boil until
El'glﬂ!; ue:l.m-. Oxidise Fe** to Fe*** by boiling with .
ﬂ.lhr, ll'uh with Cool solution end make 1:1 with conc. BCl. Neutralize with cone,
m\m and ﬂ.l.ur NH(OH to precipitate hydroxide, Centrifuge
mﬁ mount end  6) Precipitate: 1) Superoate: Seturate vith EeS. Cemtrifugs
as count., +
w :-g:m mmgg- 8) rmgisuu 9) rnate: Acidify solution with
L4 Wash to remove NpS. Add
ACTD water, o8, Wesh (ME; )o2(PO) and an excess of
BULFIIS® filter, vith vater, MHOH. . Cenmtrifuge.
GROUP, mount and m‘“’ 10’ . n)
oount. and Precipitate:
8s the Designate
HYDRORIDE as the 'luh, filter,  the mnu
GROUP. BASIC mount, and GROUP .
SULFIDE count.
GROUP, Designate as
the ALKALINE
GROUP.
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PROCEDURE 7
Procedure Used In: Radiocactivation analysis
Method: Ion Exchange (a carrier separation)
Element Separated: m:BG (19.5 a)
Type Material Analyzed: Rocks, Minerals, and Meteorites(aT'Bg)
Type Nuclear Bombardment: R'I:!le(n,)':m‘b86
Procedure By: Cabell and &nalea(sn
Separation Time: Several hours
Chemical Yield of Carrier: Quantitative
Decontamination: Excellent from radionuclides of Na, K, and Cs.
Equipment Required: Ion exchange columns
Procedure:

A. Irradiation of Sample Material

1. Irradiate known amounts of test (Note 1) and comparator samples (Note 2)
in & neutron flux (Note 3). Prepare the test and comparator samples for the

irradiation, placing each specimen in a sealed silica tube.

B. Preparation of Irradiated Materials for Analysis

1. After the irradiation, add the sample to a mixture of RbCl (LO mgs)
in a platinum crucible and cover with 4-5 g of Nazoa. Heat the crucible
for 1 hour at lr.ro" C. Cool, then dissolve sinter in small amount of water.
Then add 2 ml of a ferric chloride and 6 M NaOH dropwise until ferric hydro-
xide precipitates. Centrifuge; discard ppt.

2. To the supernatant liquid add sufficient acetic acld to acidify it;
then, add 10 ml of 10% sodium cobaltinitrite solution. Digest the mixture
for 5 minutes in an ice bath. Centrifuge; discard the supernatant liquid.

3. Dissolve the cobaltinitrate precipitate in 2 ml of 1:1 I{m3.
Evaporate to dryness. Then, dissolve the residue in 5 ml and transfer
the solution to the top of an ion-exchange column (Notes 4 and 5).

Then continue with Step 1 of Part C below.

C. Ion Exchange Separation of Rubidium

1. Connect the ion-exchange column to a reservoir (Note 6) that

contains a supply of 0.1 M HCl. Adjust the flow rate so that the eluate
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PROCEDURE 7T (Continued)

flows from the column at the rate of 2.5 ml per minute.

2. Continue the flow of the 0.1 M HCl through the column and collect
and discard the first 700 ml of eluate that passes through the column
(Fote 7).

3. Allowv the flow of the eluate to continue until an additional 100
ml has been collected in a second collection vessel. Process this fraction
of the eluate as instructed in Step 1 of Part D below.

4, If cesium is not to be determined, stop the flow of eluate from

the column after this collection (Fote 8).

D. Pre tion of Rb86 Eluate for Radicactivity Assay
axvpaze LV

1. Evaporate to dryness the solution that was collected in Step 3 of
Part C above. Dissolve the residue in water, make the solution alkaline
with NaOH, neutralize with alkali-metal cobaltinitrite. Collect the precipi-
tate by filtration.

2. Dissolve cobaltinitrite precipitate in HNO.. Then add ethanol and

3
a solution of hexachloroplatinic acid. Wash the hexachloroplatinic acid

precipitate; transfer to a weighed counting tray and then dry under an

infrared lamp and weigh.

E. Measurement of Ftba6 Radiocactivity and Calculation of

Stable Rubidium Content of Test Semple

1. The R'b86 radiocactivity in both the test and comparator samples may

be assayed by beta counting. Use a Geiger-Mueller counter for the beta

measurements.

2. Following the radicactivity measurements, correct the observed

86

Rb™™ radicectivity for decay, dilution volume(s), and the sample weights

(or volumes) of both the test and comparator samples. A simple ratio of
these corrected radioactivities becomes a measurement of the amount of

stable rubidium in the test sample:
Corrected I'lb86 radicactivity in Test Sample
% Rb in Test Sample= 3 X 100
Corrected Rb ™ radiocactivity in Comparator Sample
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PROCEDURE 7 (Continued)

Notes:

1. Use at least 0.01 to 0.25 gram portions.

2. Use from 0.10 to 0.20 gram of rubidium chloride solution.

3. In this instance, the "self-serve" or "rabbit" positions of the
Harwell Pile are used for periods up to U weeks.

L. The ion exchange column is composed of "normal" grade Zeo-Karb 315
ion exchange resin packed into a glass column 3.8 cm in diameter and 100 cm
long. A small glass wool plug at the base of the column holds the resin in
the column. The resin is pretreated with a solution of 3.0 M HCl. The
treatment consists of pessing 2l liters of 3.0 M HCl solution over the
column to convert it to the hydrogen form.

5. Use water as a rinse and for transfer to the column. Use separate
columns for the test and comparator samples.

6. A dispensing bottle is suitable for use as a reservoir. Tygon
or rubber tubing may be used to connect the reservoir to the columm.

7. This eluate volume may contain radicactive anionic constituents

as well as separated Haah (15 h) and Khe radioactivity; the presence of

these should not be confused with Rb% which is eluted later.

8. 1If Cs is to be determined, continue as follows. Strip the
column with at least 150 ml of 1 N HCl and process this fraction for Cs.
Cesium comparator samples should have been irradiated, if stable Cs is to be

determined in a sample.
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PROCEDURE 8
Procedure Used In: Radicactivation analysis
Method: Precipitation
Element Separated: Hbas

Type Material Bombarded: Alkali metals,(®%) metal saits, %) soatun-
potassium ulloys,(g)) and sea Hater(gl)

Type Nuclear Bombardment: Rbasfn,;v)ﬂbas

Procedure By: Smales and -Salmon'o)

Separation Time: A few hours

Chemical Yield of Carrier: Quantitative

Equipment Needed: Standard

Procedure:

A. Irradiation of Sample Material

1., Each sample was irradiated for periods between a few hours and
2 days in the Harwell reactor. Portions of & rubidium salt was used as
a standard.

B. Radiochemical Separation of Rba6

1. After the irradiation, dissolve sample in a mineral acid (HC1l) in
the presence of 50 mg of Rb carrier. Add ferric chloride (in solution) and
6 M NaOH solution. Centrifuge and discard the precipitate.

2. Acidify the supernatant liguid with glacial acetic acid and add
an excess of 101; aqueous sodium cobaltinitrite. Mix well.

3. Then centrifuge the slurry. Discard the supernatant liquid. Wash
the precipitate 3 times with water. Discard the washes after centrifuging.

L4, Dissolve the cobaltinitrite precipitate in 1:1 HNO.; boil, then

3
cool and add 15 ml of ethanol. Precipitate rubidium chloroplatinate by
the addition of 1 ml of 10% w/v platinum chloride solution. Centrifuge;
discard the supernatant liquid.

5. Transfer the chloroplatinate precipitate to a counting tray,
dry under an infrared lamp, Cool and weigh.

6. The Rb comparator is carried through the same procedure as each

test sample.
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PROCEDURE 8 (Continued)

86

1. The activity of the Rhas may be measured by beta counting. Use

C. Measurement of Kb~ Radiocactivity

a Geiger-Mueller counter for beta measurements.
2. Following the radicactivity measurements, correct the Kbas activity
for decay, dilution volume, and sample and yield weightes for both the

test and comparator samples. A ratio of these corrected radiocactivities

becomes a measurement of the stable rubidium in the sample:
86

Corrected Rb_~ in Mg sample

% Rb in Sample = oo ooted RO in standard sample *

100
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