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FOREWORD

The Subcommlittee on Radlochemlstry is one of a number of
subcommlttees working under the Committee on Nuclear Science
within the Natlonal Academy of Sciences - National Research
Council. Its members represent government, industrial, and
unlversity laboratories in the areas of nuclear chemlstry and
analytical chemistry,

The Subcommittee has concerned itself with those areas of
nuclear sclence whlch involve the chemlst, such as the collec-
tion and distribution of radiochemical procedures, the estab-
lishment of specificatlions for radlochemlcally pure reagents,
avallability of cyclotron time for service irradiations, the
place of radlochemlstry in the undergraduate college progran,
ete.

This serles 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 serles
which willl be of maximum use fo the working scilentlst and
which contalns the latest avallable Informatlion. Each mono-
graph collects in one volume the pertinent informatlion required
for radiochemical work wilth an individual element or a group of
clogely related elements.

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

The Subcommittee 18 confident these publications will be
useful not only to the radlochemlst but also to the research
worker in other fields such as physics, blochemistry or medicine
who wilshes to use radiochemical technlques to solve a specifilc
problem.

W. Wayne Melnke, Chalrman
Subcommittee on Radlochemistry
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INTRODUCTION

This volume which deals with the radiochemistry of
godium 1s one of a series of monographs on radiochemistry
of the elements. There 1s included a review of the nuclear
and chemical features of particular Iinterest 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 liters-
ture.

The series of monographs will cover all elements for
which radiochemical procedures are pertinent. Plans include
revision of the monograph periodically as new techniques and
procedures warrant. The reader 1s therefore encouraged to
call to the attention of the author any published material on
the radiochemistry of sodium which might be included in a re-
vised version of 'the monograph.
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II. THE RADIOACTIVE NUCLIDES OF SODIUM
The radionuclides of sodium that are of interest in the radiochemistry
of sodium are given in Table I. This Table has been completed from inforw

(1)

mation appearing in reports by Strominger, et al, and by Hughes and

Earvey.(z)
TARLE I
THE RADICACTIVE NUCLIDES OF SODIUM
Radio~ Half=- Mode of Bnergy of
Nhclide life Decay Radiation, Mev Produced By
8a20 0.385 & gt gt 3.5 Ne-p-m, Ha-y-3n
N g* gt 2.5 % O-p-y, We-p-n, Ne-d-n
Hg-p=01, Mg2~~p-a
Na=? 2.6y ¥ g 0.5k F-0-n, Ne-d-n, Nefl-p-y
Na-n-2n, Mg-d-o
Nagu 15 n g 87 1.39, 4.1k Wa-d-p, Na-n-y, Mg-d-o
y 1.38, 2.76 Mg=n=p, MHg-y-p, Al=n-q
Al-d-pQ, Al-y-n2p, Al-p-2-n
3i-y=-2p
25 - - ,
s 60 s B B 3.7, 2.7 Mgey-p, Mg-n-p
Al-y-2p

III. THE CHEMISTRY OF SODIUM AND ITS APPLICATION IN ANALYSIS METHODS
FOR STABLE SODIUM OR ITS RADIONUCLIDES

Radiochemical analysis methods usually follow the ideas and techniques
established in conventional methods, such as precipitation, solvent extrac-
tion, chromstography, and electrolysis. Since these methods are dependent
upon chemical reactions to bring them to completion, the general information
presented below on the formation of sodium compounds attempts to relate
these more conventional methods to the radiochemistry methods used in

analyzing a radiocactive material for the sodium radionuclides.

A, The General Chemistry of Sodium

Sodium composes about 2.83% of the earth®s crust and occurs principally
in the form of sodium chloride. Other natural compounds of sodium include
the nitrate, the sulfate, the carbonmate, the bicarbonate, and the tetraborate

compounds. Sodium also occurs as the silicate in ingeous rocks. Most of the

sodium compounds are found in soils, waters, and in the bodies of plants




and animals. Sodium metal is chiefly produced from these compounds by
first preparing the chloride and then electrolytically fusi it with
sodium carbonate.
1. Metallic Sodium

Sodium metal is a soft, silver-white metal having a density of 0.97
and a melting point of 97.50. It tarnishes quickly in air and must be
kept under a liguld such as kerosene. It will durn in air with a bright
yellow flame, and it reacts violently with water. t will unite directly
with the halogens, sulfur, selenium, and tellurium. Sodium forms an
amalgam with mercury to become a very active reducing agent. Sodium also
alloys with lead, tin, and antimony, but it will not alloy with iron.

2. The Chemical Compounds of Sodium

The only oxidation state of sodium is +1. Its reactions with carbon
dioxide, hydrogen, oxygen, nitrogen, sulfur, and the halogens are similar
to those for the other alkali metals, i.e., lithium, potassium, rubidium,
and cesium. Its violent reacitions with water and agqueous solutions can be
moderated by using an amalgam, 1.e., a solution of sodium in mercury.
Sodium also forms strong salts with all of the commeon acids.

Table II shows the relative solubllity of many of the sodium compounds
in water and other reagents. The following information generally describes

the reactions of sodium with other elements.

a., Toe Hydrogen Compound. Scdium hydride, Nail, can be formed by

heating sodium and hydrogen directly. It has a melting point of 8000. The
hydride reacts with water to produce hydrogen gas.

b. The Oxide Compounds. Two oxide compounds are formed by sodium

in its reactions with oxygen: normal oxide, NaEO, and the peroxide, Nagoz.

Sodium monoxide, Na 0, is formed by heating either sodium hydroxide, or

2

sodium nitrate with excess sodium metal. It can also be formed by heating
. N iy - R s o - :

a mizxture of sodium azide, NaNB, and sodium nitrate at 2807, ﬁaEO iz a

coloriess compound that combines with water to form NaOH.

Sodium percxide, ﬁagog, is formed by burning sodium in an excess of

0, is a pale yellow solid that melts at 460°. If it

s ap
air or oxygen. Laz o)

is added to a mixture of ice and water, sodium peroxide hydrate, NaQOQ-BHQO




is produced. When Na202 is heated, oxygen is given off and carbon dioxide
slowly decomposes it to form sodium carbonate and to evolve oxygen. At

o° C, sodium peroxide reacts with alcohol to produce sodium hydrogen
peroxide, Naﬁog. Sodium peroxide will react with water, with some violence,
to produce sodium hydroxide, oxygen, and hydrogen peroxide. Nagoe, either

in agueous solution, or as the fused peroxide, is a powerful oxidizing agent.

¢. BSodium Hydroxide. Two general processes, i.e., the action of

calecium hydroxide on sodium carbonate and an electrolysis method using
sodium smalgam and brine, are used to produce sodium hydroxide, NaOH.
Sodium hydroxide is a colorless and wax-like solid. It melts at 319O and
boils at about 13900. NaOH dissolves in water with the evolution of heat
to yield a strong basic solution that can be used as a precipitant for
several of the chemical elements.

d. The Nitrogen Compounds. Sodium nitride, Na N, s salt of hydrazolc acid,

3

HN3, ~an be formed by reacting sodium and nitrogen in an electric discharge

tube. Sodium azide, Nall_, can also be formed by passing nitrous oxide, N0, over

3 2

sodamide, NaNHz, at 1900. NaN3 decomposes when gently heated in vacuo to
give sodium nitride and nitrogen gas. The sodium nitride compounds are
rapidly attacked by water, forming sodium hydroxide and ammonia in the
reaction.

Scodium nitrate, Naﬂog, is obtained by the action of HNO, on sodium

3

metal, sodium hydroxide, or sodium carbonate. NaNO, is hygroscopic and

3

dissolves more rapidly in hot water than cold. It is anhydrous, and it

will melt at 380° and be decomposed. When heated above 400°, NaNO3 will

lose oxygen and form sodium nitrite, HNalO Sodium nitrite is produced

o
as very small, hygroscopic crystals. NaN02 is a strong electrolyte, and
it will melt upon heating to form a yellow liguid which decomposes at
higher temperatures. NaN02 will hydrolyze to nitrous acid when boiled
with water.

e. The Sulfide, Sulfate, and Sulfite Compounds. Sodium will react

directly with sulfur to form either sodium monosulfide, Na,S, or sodium

2
polysulfide, Nazsg. Sodium monosulfide is a colorless crystalline solid

with a melting point of 11800. Nags is hygroscopic, and it reacts readily




Table IT. Solublility of Sodium Compounds

Water Solubility

Table I is continued on the following page.

_Compound Formula Cold Hot QOther Solvents
Acetates N502H302 Soluble Soluble Soluble in alcchol
NaCZH302-3HQO Soluble Soluble Soluble in ether and alcohol
Aluminates NaA:]L_% Soluble Very soluble Insoluble in elcohol
NaClAICLy Soluble Soluble
Amide Namiz Decomposes Decomposes Decomposes in hot alcohol; soluble
0.1 g in liquid NH3
Antimonates HaSb(OH) € Slightly Soluble Slightly soluble in alcohol
soluble
Na3Sb Decomposes
NaSb02 . 3820 Decomposes
Arsenates maAsok'lzﬁaO Soluble Soluble in alcchol
Naeﬁksou"ﬁleo Soluble Soluble Slightly soluble in alceochol
N&EHASOh'lZiQO Soluble Soluble Slightly soluble in alcchol;
inscluble in liquid C1
Na.As()e Very soluble Very soluble Slightly soluble in alcohol
Azide NaNS Scluble Soluble Soluble in liguid HH3 and alcohol;
insoluble in ether
Barbital N&CSH11N2O3 Soluble Soluble Slightly soluble in alcohol; 1
insoluble in ether
Benzene Sulfonate NaCGHSSO3 Soluble Very soluble l
Benzoate Ms.{l,‘rﬁso2 Soluble Soluble Soluble in alcochol ‘
Metabismuthate Ha.BiO3 Insoluble Decomposes Decomposes in acid 1
Bismuthide Na3Bi Decomposes
Borates Na.B()2 Soluble VYery soluble
Na.ma-hi{zo Very soluble Very soluble
NagBkO,? Soluble Soluble Insoluble in alcohol
Ne B, u°7 <5H,0  Soluble Soluble
KaszOY'lOHgD Soluble Soluble Soluble in glycerin; very slightly
soluble in alechol; insoluble in acid
n&m3-H20 Slightly soluble Decomposes Soluble in glycerin end alkali
NO3~1+H20 Soluble Soluble Soluble in acid, glycerin, and alcohol
mxh Decomposes Decomposes Decomposes in acld
Bromides Ka.Br03 Soluble Soluble Insoluble in alecohol
HaBr Soluble Soluble Slightly soluble in alechol
NaBr~2£20 Soluble Soluble Slightly soluble in alechol
Carbonates Na2003 Soluble Scluble
Kaﬂm3 Soluble Soluble
Chlorates Na.ClO3 Soluble Soluble Soluble in aleochol and glycerine
Rs.Cth Soluble Very soluble Soluble in alcohol
Chloride KaCl Soluble Scluble Soluble in glycerin; slightly soluble
in alechol and 1liquid KH3 ; insoluble in HCI1
Fluorides Ha¥F Soluble ii:’gi; in HPF; very slightly soluble in
NaF+HF Scluble Soluble
15&2511?6 Soluble Soluble Insoluble in slechol
Hydroxide HaOH Soluble Soluble Soluble in alcohol and glycerol
Iodides RaIO3 Soluble Soluble zi.gii.i in acetic acid; insoluble in



Table II (Continued)
Vater Solubility

Compound Formals Cold Hot Other Solvents
K&IOL Soluble Soluble in Kaﬂ)h, muo3, and acetic acid
Nal Soluble Soluble Very soluble in alechol; soluble in
glycerin
Hitrate Ha.l()s Soluble Very Soluble
Oxelate Na.2020h Soluble Scluble
Oxides Ka20 Decomposes Decomposes Decomposes in alcohol
151202 Soluble Decomposes Decomposes in alcohol, m3; soluble in
diiute acid; inscluble in“alkali
Phosphates KaBQPOh Soluble soluble
HaQHPOu Soluble Boluble
N&3P0h Soluble Soluble
mkxpoh-kseo Soluble Soluble Insoluble in alcohol
Silicate Na2S103 . 5}{20 Soluble Soluble
Sulfates xazsou Soluble Soluble Soluble in glycerin; insoluble in
alcohol
Kaesoh-'mzok Soluble Soluble Insoluble in aleockol
NaHSOh Soluble Soluble Decomposes in alcohol; slightly soluble
in alcohol; inscluble m-m3
Nazszo.r Soluble Soluble in fuming HESO,‘
“&23208 Soluble; Inscluble in alechol
decomposes
KEECa(SOk)a-EH,‘,O Decomposes Decomposes
Sulfides xaas Soluble Soluble Decomposes in acids; slightly scluble in
aleghol; insoluble in ether
YaHS Very soluble Soluble in alechol
H&zsh Soluble Soluble in aleohol
xa235 Soluble Soluble Scluble in aleshol
Sulfites Ra.asO Soluble Soluble Slightly soluble in aleohol; insoluble in
3 1iguid C1, and M
2 3
RaHSO3 Very soluble Very soluble Slightly soluble in alcohol
&25205 Soluble Soluble Inscluble in elcohol

with water to form a strongly alkaline solution. Sodium sulfide solutions
are unstable and will break down to Torm polysulfides, thiocsulfates, and

-

sulifates, Sodium hydrogen sullide, NalS, can be formed by saturating a

sodium hydroxide solution with HZS.

Sodium sulfates can occur in nature., However, sodium hydrogen sulfate,

NaHSOA, is produced by heabting Mall with an excess of HESO% at temperatures
a

lower than 150°. If ;"I&HSO:L‘L is heated to about MOOO, it is converted to

normal sodium sulfate, NaESOL, which is readily soluble in water. Sodium
Dot i spot s

thiosulfate is prepared by boiling sodium sullite, NaQSOS, in the presence

of sulfur. BSodium thiosulfate, as Na28203~5320, is used principally in

vhotographic film processing. Here, the excess silver bromide, which remains




in photographic film after developing, dissolves very readily in the thio-
sulfate to form a soluble complex. Sodium thiosulfate is also used as a
titrant for the determination of iodine.

Sodium hydrogen sulfite, or sodium bisulfite, NaHSOS, is formed by

saturating a solution of sodium carbonate or sodium hydroxide with sulfur
dioxide. Normal sodium sulfite, Na2803, is formed by treating the solu-
tion with an additional amount of sodium carbonate. The sulfite solutions
are alkaline and are good reducing agents. Both the HSO3- and 803-_ ions
are readily oxidized to SOu—- ions by atmospheric oxygen or oxygen-con-

taining compounds.

f. The Halogen Compounds. The sodium halide compounds, i.e., sodium

chloride, HaCl; sodium fluoride, NaF; sodium bromide, NaBr; and sodium
iodide, Nal, may be prepared either by a direct union of the elements or
by the reaction of a halogen acid upon sodium hydroxide or sodium carbonate.
A1l of the sodium halides are strong salts and are completely ionized. They
are readily soluble in water at room temperature.

Sodium salts of the oxygen acids of the halogens include sodium chlorate,

sodium hypochlorite, sodium perchlorate, sodium bromate, and sodium iodate.

Sodium chlorate, NaClO3, is prepared by passing chlorine gas inio hot concen-

trated sodium hydroxide. NaClO3 is a colorless crystalline compound that is

more soluble in hot water than in cold. It is a strong oxidizing agent and
will decompose on heating to form free chlorine and oxygen. The correspon-

ding bromate, NaBr0,, and the iodate, NaIO3, are prepared in a similar manner

3}
and have similar properties as NaClOa.
Sodium perchlorate, NaCth, is formed by the anodic oxidation of NaClO

3
It is a colorless compound and a strong oxidizing agent. Sodium hypochlorite,

NaCl0, is produced by passing chlorine into a cold, dilute solution of
sodium hydroxide, It is easily reduced to chloride ions and oxygen.

g. The Phosphorus Compounds. Three classes of sodium phosphate

compounds can be prepared by adding thercetical amounts of phosphoric

acid, H3P0u, to sodium hydroxide: monosodium dihydrogen phosphate,

NaﬁgPOk, disodium monohydrogen phosphate, NaQHPOh, and trisodium phosphate,

Na3POh. NaHQPOu is acidie in agueous solutions. Na2HPOh is only slightly




alkaline while Na3POh is strongly alkaline in agueous solutions.
When sodiur dihydrogen phosphate, NaH2POh, is heated, a series of
sodium metaphosphate compounds are formed. They appear to be all poly-

meric and are represented by the empirical formula (NaPO3)n' Calcium

and magnesium lons can chelate with these polyphosphates. If sodium mono-

hydrogen phosphate, NaQHPOu, is dehydrated by heating, sodium pyrophosphste,

NauP207, is formed. NauP can be hydrolyzed in an aqueous solution to

207

form HPOh= icns. If NaﬁgPou and Na, HPOlL are mixed and heated to 6000, a

2

more complex phosphate, sodium triphosphate, Na5P3OlO’ is formed. Na5P3010

in solution is slowly hydrolyzed to HQPOA_ and HPOu-' ions.

h. The Carbonate Compounds. Two salts, sodium carbonate, NQECO3, and

sodium hydrogen carbonate, NaHCO3, are formed by the action of carbon dioxide

upon sodium hydroxide. NaHCO, crystals are readily formed by passing CO
L 2

into concentrated NaOH and they may be filtered off and dried. Na2003 can

, at temperatures above 200°. NayC0, vill de-

compose at temperatures above 8000. The common hydrated form of this salt

be obtained by heating NaHCO

is the decahydrate, NaQCO -10H20. Solutions of Na,CO, and NaHCO_, are alka-

3 2773 3
line because of the basic action of the 003-- ions and the slight hydrolysis
of the HCO3- ions.
i. Bodium Cyanide. NaCN, sodium cyanide, is produced by reacting
dry ammonis with a molten sodium-charcoal mixture. It can also be
produced by fusing calcium cyanamide and carbon with sodium carbonate
or sodium chloride or by heating sodium carbonate, coal, and nitrogen
with iron as a catalyst. NaCN is a source of hydrocyanic acid. Sodium
thiocyanate, NaSCN, can be produced by reacting NaCN either with sulfur,

ammonium, polysulfide, or sodium thiosulfate.

J. Other Sodium Compounds. Sodium permanganate, NaeMnOk, can be

prepared by reacting manganese dioxide with sodium hydroxide. It is
less pure than potassium permanganate, KEMnOh’ and is very hygroscopic.
The heating of sodium hydroxide and chromium oxide in air produces
sodium chromate, NaECrOh. The chromate salt can be extracted from a
heated mixture by a water leach. When the solution is heated with acid

and then evaporated, sodium dichromate, Na2Cr207-2H20, will crystallize




out of the solution. When NaECrgo,( is heated, it first melts and then
decomposes into NaECrOb_, Cr203, and free oxygen.
When a solution containing sodium ions is heated with a potassium

salt of antimony, a slightly soluble salt, sodium orthoantimonate,

Na Sb(OH)6 is produced. Sodium fluosilicate, Na,SiF, is formed in the

action of fluosilicic acid, HZSiF6’ upon a solution of sodium hydroxide. It
is also insoluble in water. The addition of a large volume of a saturated
soclution of uranyl zinc acetate to a small volume containing sodium ions
results in the formation of the triple acetate compound, sodium zinec
urenylacetate, NaC2H302-Zn(CEH302)2'3U02(02H302)2'6H20, results. This
compound is a light-yellow crystalline solid that is slightly soluble
in water.

If a solution of borax is treated with Na202 or WaOH and H202, a

precipitate of sodium peroxyborate, NaB02-3H20'H202.

slowly in water. It is an active oxidizing agent. Sodium tetraborate,

It decomposes very

NathO,?-lOHaO, can be extracted from natural sources in the forms of prisms.

If it is heated with sodium hydroxide, it forms sodium metaborate, Na.BOe-hHQO.

Borax is a salt of a weak acid. It can be hydrolyzed and its aqueous solution
gives an alkaline solution.
Sodium phenoxide, C6H50Na, is formed in the reaction of sodium hydroxide

and carbolic acid. Meuny other orgeanic compounds of sodium exist.

B. The Apalytical Chemistry of Sodium

Sodium, after it has been isclated and separated from other elements, is
most frequently determined gravimetrically as sodium chloride, NaCl, sodium

sulfate, Nazsou(3’”) or sodium zinc urenyl acetate, NaZn(UOz)3(02H302)9-6H20.(3)

Sodium meta-antimonate, NaSbO ;(5) sodium perchlorate, NaClO; 6 sodium mag-
3 yi o 29%dun mag

. A7)
nesium uranyl scetate, NaEUQO,.{, MgU207 3

Cs9Na6 Bi(NOe) 6 5(8’9) are alsc considered to be sultable gravimetric Tforms

or bismith cesium sodium nitrite 5

for a sodium detemination.(6)
Precipitation methods are used most frequently to separate sodium from
other elements. However, solvent extraction and chromatographic methods are

now being studied extensively as separation methods for sodium. The following



generally describes how these methods are being applied in the apalytical
chemistry of sodium.

1. Separations by Precipitation

(10) (11)

The methods first suggested by Berzelius and Smith have wide use

in separating sodium and the other alkali metals from the other chemical ele-

9) (12-1h)

nents. The Berzelius me’chod( and its modifications uses mixtures of

Iﬂ"-HClOu-KQSOb( to decompose the alkali-bearing material (usually a mineral)

and then converts the alkali sulfates to chlorides for the final separation

(11) (15,16)

of sodium. Smith's method and its modifications has also been

used to decompose minerals. The mineral is heated in a mixture of calcium
carbonate and ammonium chloride. CO, and I‘IH3 are given off, and the mixture
reduces to lime and caleium chloride. This mixture converts most of the
metals to low-solubility oxides and sinters the mass so that the alkali
metals can be extracted as chlorides from the mass by water lesching. Some
calcium is also extracted, but it can be removed from the alkali mixture by
a precipitation with an ammonium carbonate-oxalate solution and filtering.
The sodiwm is finaelly separated from the other alkali metals by more specific
techniques.

Bariuwm, strontium, megnesium, borates, and sulfstes can interfere in

the separation of sodium {and the other alkali metals) by either the

(11)

Berzelius(lo) or Smith method. Barium and strontium (as well as calciwm)

17)

can be removed by an ammonium carbonste and oxaslate precipitation.{ Magne-

(19)

1
sium can be separated elther as magnesium ammonium phosphate or oxinate.

Evaporasting the chloride mixture to dryness in the presence of methyl alcohol

(a7)

will remove borates as volatile methyl borate compounds. The sulfate

ions can be removed by a precipitation as Bat}oh by adding barium chloride

i7
solution to the chloride mixture; the excess barivm can then be removed
(7}

by a precipitation with emmonium carbonate. Phosphates can be removed

(20)

by a precipitation either with zinc carbonate or an Fe013 solution at &

(1)

controlled pH.
Several other precipitation methods can be used to separate sodium from
the other alkali metals and other ions. Potassium may be separated from

(21-2k)

sodiuwm (and lithium) by forming the alkali chloroplatinates or the

10




25-29)
perchlorates.( -89 In the chloroplatinate method, the inscluble S PtClg

can be separated from the soluble sodium and lithium chloroplatinates and
the precipitating agent, HQPtClé, by extracting the chloroplatinate mixture
with 80% ethyl alcohol. Rubidium and cesium also form insoluble chloro-
plainates and can be separated from sodium in the same way.(3e-33)
Sodium {and lithium) perchlorates are soluble in either butyl alcohol-
ethyl acetate or ethyl alcohol-0.2% HC10), and can be separated from the in-

+1

1 +1 1 +1
soluble perchlorate salts of K', Cs* , Ko , NH,' , and TL' by extracting

the perchlorate precipitate with mixtures of these agents.(25-29)

Sulfate

ions must be absent, because scdium sulfate is also insoluble in the solvents

used in the extraction method. However, magnesiwm, the alkaline earths,

nitrates, and phosphates do not seriously interfere in the perchlorate method.
The precipitation of sodium as the triple acetate, NaZn(UOe)3(02H302)9-6H20,

also serves as a means of separating sodium from other elements.(3’3h:35)

Lithium also forms the triple acetate salt and must be separated before the

(36)

precipitation is made. Potassium will interfere only if large amounts

(36) (37-40) (41)

of sulfate icns are present. Phosphates, molybdates,
arsenates,(38’39) oxalates, (38,39) tartrates,(39) and strontium(ue) are
interfering substances in this method.

Potassivm (and NHM+1) forms an insoluble tetraphenylboron compound when
sodium tetraphenylboron solution is added to a mixture of the alkali chlorides
and can be separated from s¢dium in this manner.(h3-h9) Lithium and magnesium
are also soluble and can interfere in a sodium separation by this precipitation
method.

Sodium can be separated from lithium following the perchlorate
separation of potassium by saturating the n-butanol solution used to
extract the alkali perchlorate mixture with hydrochloric acid.(28’50)
Lithium can also be separated from sodium by extracting a chloride mix-

(19)

ture with aceione. Sodium chloride is insoluble.under these conditions.
However, barium, strontium, and potassium chlorides are also insoluble and
would interfere in this method. Gaseous hydrochloric acid has alsc been

used in the precipitating of sodium chloride.(lY)

Rubidium and cesium can be separated from sodium with 9-phosphomolybdic

1l



acid.(3123f51) Sodium can alsc be separated from cesium by precipitating
cesium with silicotungstic acid solution.(Bl’sl) Fluoboric acid has been
used to precipitate potassium chloride as potassium flucoborate and separate
it from the chlorides of sodium and lithium.(se) Magnesium, copper, zinec,
cadmium, cobalt, nickel, manganese, iron, aluminum, chromium, and calcium
also remain in solution. Ammonium, barium, and sulfate ions also separate

with potassium.

2. Separation By Electrolysis. The alkali metals cannot be separated

from solution by electrodeposition; however, it is possible to separate them
from other elements by electrolyzing an acid solution with a mercury cathode
at a controlled potential.(53) The alkali metals and the alkaline earth
elements can be left in solution, while elements such as copper, cadmium,

iron, cobalt, nickel, and zinc are deposited on the cathode. The alkali metals
can then be separated from the alksline earths and from each other by one of
the techniques similar to those described in this section.

3. Solvent Extractions Separations. Nitromethane has been used to

extract the polyiodides of the alkali metals from an acid solution.(sh) The
distribution ratios are dependent upon the amount of free iodine added to the
system and increase in the order Li < Na <K <Rb < Cs. The extractions of alkali
chloroplatinates with 80% ethyl alcchol to separate sodium and lithium chloro-
platinates from the insoluble potassium {(and Rb and Cs) chloroplatinates have
already been cited.(el'eu’3o'33) Butyl alcohol - ethyl acetate or ethyl

alcohol - 0.2% HC10), mixtures have been used in separating the alkali per-

(25-29)

chlorates. Additional information on the extraction of the chloro-

{55,56)

platinate and perchlorate mixture is given elsewhere.

4, Chromatographic Separations

a. With Organic Absorbents. Erlemmeyer and Schoenauer(57) have used

chromatographic columns of violuric acid, mixed with barium sulfate, diatomaceous
earth or starch, to separate potassium chloride from sodium and magnesium
chlorides and ammonia. Sodium has alsc been separated from potassium by

use of a violuric acid column(58) and by use of a column of 5-oxo-5-oximino-3-

(59)

phenylisoxazoline.

(60)

b. With Ion Exchange Resins. Cohn and Kohn have separated chloride

12




mixtures of Na, K, Rb and Cs by use of a Dowex~-50 column and 0.15 M HC1 as the

(k)

eluant. Beukenkamp and Rieman also used Dowex-50 and 0.70 M hydrochloric

(62) (63)

acid to effect a similar separation. Brooksbank and Leddicotte and Kayas

also have more complete separations of Na, K, Kb and Cs on Amberlite IR-100
resin. Na and K were eluted with 0.1 M HCLl, and Bb and Cs with 1 M HCI1.

Bouchez and Kayar(tsh) have also used Amberlite~IR-100 and elubtriants of

either 0.1 M HC1 or 0.1 N HC1Oy to separate radioactive Ns.22 and Mg. Kayas(és)

has also separated milligram amount of NaCl and KC1 on a column of Amberlite-IR-100.
Sodium {and potassium) have been separated from the other constituents of
silicate rocks by dissolving the sample in HF and HQSOLL and expelling the

fluorine from the mixture and then absorbing the solution on an Amberlite

(66)

IR-120 column. The alkali metals were elubted from the column with

0.12 ¥ HCl. Potassium and sodium have been separated from each other by

use of a column of Wofatit K5 ion exchange resin and O.1 N HCL as the

(67)

elutriant. Cation exchange resins have also been used to separate K

and Na from each other and from Mg and Cs in milk ash,(68)
(69) alkali metals from insoluble silicates ,(70)

(11)

lithium. Sodium in urine has also been separated by use of a cation

(12,73)

K from Na in
blocd, and K and Ne from
exchange resin. Both cation and anion exchange resins have been

used to determine sodium and the other alkali metals in potassium nicbium

(7’4). Buser(75) reports that the alkali metal complexes of

fluoride
uramildiacetic acid can be separated by use of a cationic resin. Sodium

and lithium form stable complexes but potassium does not. The complexes

were separated by use of a sulfonic acid resin, pretreated with either dimethyl-
amine or tetremethylemmonium hydroxide, and elutions with alkaline solutions.
Lithium and sodium, but not potassium, rubidium, or cesium, form complexes

with the chelating agent, ethylenediesminetetrascetic acid, EDTA, and can

be separated from K, Rb, and Cs, and from each other by eluting an anion

resin column of Dowex-1l (k% crosslinkage) with 0.13 M EDTA solution.(76)

¢. By Paper Chromatography. Radioactive Naau(ls h) has Tbeen separated

from radicactive th (12.4 h) by use of paper chramatography and a solvent
mixture of conc. HCl-water-0.05% tartaric acid (1:10:&).(77) In other

chromatographic studies with paper columns, the movement rate of sodium

13



(and X, Rb, and Cs) adsorbed on & paper chromatogram has been investigated
using solvent systems containing complex-forming mixtures, e.g., butanol-
mv03-acetyhcetone ,(78) alcchols in HC1 ,(79’80) butancl in HC1 ,(80) alcohols
in 7903, (81) xetones 1n B1,(82) pneno1,(BL) op collidine in mNo5.(83)
Although these systems showed no eppreciable individual alkalil ion movement,
they can be used to separate the alkalis from many other cationic species.
Sodium and lithium chlorides have been quantitatively separated from
KCl using methancl as s solven’s,(8l*:85) ethanol in water,(gs) acetone in

(83) (86)

water, methyl ethyl ketone in methanol, and with acetone-, ethanol-,
butancl-, and pentancl-methanol mixtures.(gér 87) Ethanol-28 acetlic acid

as a solvent can slsc be used to separate alkall acetates by paper chrometo-
graphy.(88’89) Sodiwm (and Mg and Ca) has also been separated from

potassium in biological semples by the same solvent mixture.(go'%) Sodium
has also been separated from K, Wy, Mg, Ca, snd L1 by & paper chromstography
method that used propancl-methancl mixtures as sclven’!:s.wa; 95) These solvent
mixtures have also been used to separste alkall hydroxides, citrates, and
sulphates by paper chremategraphy(%’ 97}.

Tracer guantities of Naf2 (2.2 y) has been sepsrated from gram amounts
of msgnesium by use of a combined precipitation - paper chromastography
method.(ga’ 99) Most of the magnesium is removed by heating the solution to
form megnesium oxide and the soluble portion eluted from a chromatographic
column with ethanol=water. In this solvent, megnesium travels zhead of
sodiwm. Radiosctive Nagk {15 1) has been separated from K42 by use of =
solvent mixture of conc. HClewater-0.05% tarteric acid (1:10 :1&)(77)

Electrochromstographic separations of the alkali metal cations with
agueous solvents, such as phenolpthalien, emmonium hydroxide, smmonium
carbonste and hydrochloric acid with lactabe, citrate, tartrate or EDTA

(100-104)

buffers, have been reported. Organic solvents, such as smmonium

formate and trichlorocacetic acid, have also been used in an electrochromatographic

(105)
separation of the alkall metals.

IV. DISSOLUTION OF SAMPLES CONTAINING SODIUM

Some rocks and minerals are soluble in HCl. If the rock or mineral




is not acid soluble, then the material can be soiubilized by either the

(11) (10)

Berzelius method(:®) or the Smith method. In Berzelius'method,
the rock is attacked with HF and HQSOI;. , and the excess fluorine and silicon
expelled by distillation. The alkali sulfates are then converted to

(11)

chlorides. In the Smith method, the powdered rock is heated in a
mixture of ammoniwr chloride and calcium carbonate. Under these conditions,
the alkali metals are converted to chlorides and can be extracted from the

sinter by water.

S0il samples can be decomposed by treatments with ammonium acetate, HCL,

108 109
and agqua regia,(l%’lcﬂ and leachiags with either HNOS,( ) Kll-HF,( )
110 ‘
and H 50 (. ) Biological materials, such as tissues, body fluids, vegetation,
2 LL 3 2 ?

etc., can be decomposed with HCL, HNO,, HNO 'HQSOLL’ or HNO (106,107)

3773 3

If any of these dissclution techniques are used in a radiochemical separa-

-HClOl; mixtures.

tion of the sodium radionuclides, the addition of inactive sodium carrier

to the solubilizing mixture would greatly assist in achieving an isobopic
exchange between the radioactive and inactive sodium atams. The exchange
ghould be rapid and complete, since sodium exists in only one oxidation state.
V. SAFETY PRACTICES

The decomposition a;zd the processing of any sample material by chemical
means can be hazardous. Thus, adequabe safety precautions should be followed
in processing any sample material. Pleters and Creyghton manual(ll}'} on
safe laboratory practices, as well as others on laboratory safety, should
be consulted before any analysis is undertaken.

The introduction of a radicactive material into a laboratory area
greatly magnifies the/needs for safe laboratory practices. The discharge
of radioactivity into a laboratory area by evolution or spillage, can
result in hezardous enditions for personnel and wide spread contamination.
Typical of the information about safe handling practices for radicactive
materials appear in such sources as the Osk Ridge National Laboratory's

(112}
Master Analytical Manual and in the International Atomic Energy

113)
Agency's publication, entitled, "Safe-Handling of Radiocisotopes.”
Many other similar scurces of information exists and should also be

consulted.
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VI. COUNTING TECHNIQUES FOR THE RADICACTIVE SODIUM ISOULOFES

The nuclear characteristics of the radiocactive isotopes of sodium
are summarized in Table I of this monograph.

The radicactivity of either Nagl" (15 n) or Na2? (2.6 y) can be measured
by such counting techniques as Geiger-Mueller counting, proporticnal counting,

or gamms scintillation spectrometry.(lm-llg)

Generally, the sample material
containing elther of these sodium radiomuclides must be processed radiochemically

before the radicactivity measurements are made. However, it has been possible

to determine small amounts of sodium in a variety of simple materials(lla—lZB’ )
(124,125)
by non-destructive radicactivation analysis methods involving gamma
2k

scintillation spectrometry to measure the radicactivity of Na“'.
VII. RADIOCHEMICAL PROCEDURES FOR THE SODIUM RADIONUCLIDES

Both carrier-free and carrier radiochemical analysis procedures

exist tor the sodium radionuclides. Such procedures as these have evolved
from each investigator's choice of ideas and techniques similar to those
reported in Section III of this monograph.

Radiochemical procedures capable of giving N822 or Na.zz‘L in carrier-free

(61)

gmounts exist. The ilon exchange studies by Beukenkamp and Rieman , Brooks-
bank and Leddicotte(62) B Kayas(63:65) and Bouchez and Kayas(@*) will produce
carrier-free solutions of the sodium radionuclides. Some of the other
chromatography separation methods presented in Section III of the monograph

can also be adapted for use in preparing carrier-free sodium radiocactive tracers.

22

The carrier radiochemical procedures that now exist for Na®° and Nael‘ have been

originated tc separate them as radioactive tracers ,(126) or to separate them

(127) (128)

and other radiocactive species or for use in

24 .12
radiocactivation analysis.(l 2125 ) By redioactivation analysis, trace amounts

(129-137) (138)

of sodium have been determined in aluminium , aluminium alloys,

asbestos,(l39) biological materials ’(lho-lh8) boneslug) water,(l%’lsl)

1
lead5152,153) 1ithium£15u) mgnesiumf 55) mineralssl%) potassium nitrategls'r)

l .
potsherds ,( 58) refractories,(159) and umniwnﬁlEE) Radioactivation analysis

from fission products

has 21so been used to determine trace sodium in ground waters, reactor cooling
water, plastics, soils, vegetation, graphite, lithium iodide, resins, zinc

ore concentrates, sand, limestone, cement, trichlorosilane, gallium arsenide,

16




alunine, hafmium oxide,stainless steel, and rubidium carbonate.(67’160"162)

The procedures that follow are typical of the radiochemical separation
procedures used in analyzing a sample material either for Na22 or Naek. Most
of the applications cited above(126'162) have used either one of the specific
procedures given in this section or have made an adaption to one of these
procedures that would be suitable for the particular analysis problem. In
each one of the procedures includeé in this section, infommation is given
about the specific use of the procedure, the type of material analyzed, the
type of nuclear bombardment, etc. Whenever possible, statements are
made about the decontamination levels, and the chemical yields achieved by

the particular procedure cited.

PROCEDURE 1
. 24
Procedure Used In: Preparation of Na tracer
Method: Precipitation
Rlement Separated: Nagb (15 n)

Tyve Material Bombarded: Aluminum alloy (95% Al; 2,25% Mg, 0.25% Cr
plus Fe and Cu)

Type of Nuclear Bombardment: 184" cyclotron deuterons
Procedure By: D. B. Stewart (Reported by Meinke(lgé))

Separation Time: ~ 8 hours

Chemical Yield of Carrier: ~ 60%

Decontamination: th from Al; others unknown

Bquipment Required: Standard

Procedure:

1. Dissolve aluminum in 6 N HCL., Add 50 wg Na and 10 - 20 mg Cu
carriers.

2. Precipitate Al(OH)3 with slight excess of NH&OH. Centrifuge, pour
off supernatant. Dissolve first precipitate in HCl and repeat, adding the
2nd supernatant to the original.

3. Saturate solution with HQS to precipitate Cul and remaining Al as
A1283. Filter or centrifuge.
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PROCEDURE 1 (Continued)

L, Acidify filtrate with HCL or HNO, and evaporate to dryness. NHA+

3

salts can be quickly destroyed by boiling with a L:k4 HCl-HNO3 mixture.

Residue is mixture of NaCl and Nagsou.

PROCEDURE 2

Procedure Used In: Separation of radicactive scdium from fission products.
Method: Precipitation
Element Separated: Na24(15h) on Na®2(2.6y)
Type Material Analyzed: Fission product mixture
Probable Origin: I\Ta.23(n.,7')l\1a21‘L or Na23{n,2n)Na22
Procedure By: Prestwood {Reported by Kleinberg(lQT))
Separation Time: Several hours
Chemical Yield of Carrier: Quantitative
Decontamination: Radiochemically purity possible
Equipment Needed: Standard
Procedure:

1. Introduction

Radiosodium is separated from fission-product materials by specific

precipitation as Na Mg(U02)3.(02H302)9'6 1/2 H,0. The sodium is finally
converted to and weighed as the chloride. The chemical yield is 50 to 60%
and 2 to 3 hours are required for the analysis of a single sample. Excellent
decontamination of radic sodium is obtained by this procedure. For example,
3 product having only 4 c¢/min was obtained from a solution containing
3 x 10111L fissions 10 days old and inactive sodium.

2. Beagents

Ne Carrier: 10° mg Na/ml (added as c.p. NaCl in HQO) used as a primary
standard

Fe Carrier: 10 mg Fe/ml {added as FeCl -FeCl3-6H20 in dilute HCL)

3
gu Carrier: 10 mg Cu/ml (added as Cu(NQs)é 6320 in HgO)
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PROCEDURE 2 (Continued)

HC10): T0%

NHhOH: Conc.

NECH0,: 6M

Na precipitating reagent (45 gm U02(02H302)2-2H20. Prepared as

300 gm Mg(CoH305)p- M0, €0 ml

glacial HCpH30p in 800 m1 HoO,

diluted to 1 liter. Stir the mixture
constantly for two hours, then pemit

it to stand for several hours, and filter
through a 300-ml sintered glass funnel of
medium porosity. (Large amounts of sodium
are precipitated from the reagents)

Special wash solution. Prepared as 35 ml glacial HCpH.0,, 4o5 ml of
anhydrous acetate, 460 ml anhydréus ethanol.

a-butanol saturated with dry HCl: Prepared by bubble dry HC1l into n-
butanol until the gas is not longer
adsorbed. The process takes several
hours and much heat is evolved.

n~butanol: anhydrous

3. Equipment

Note: All of the equipment requirements for this analysis are mentioned

in the “Procedure."

k. Procedure

Step 1. To the sample in a 40 ml conical centrifuge tube, add 1.0
rl of NaCl carrier, 2 drops of Fe carrier, and adjust the volume to 15 mi.
Add conc. NHL\OH dropwise until the solution is Jjust basic and then add
three drops in excess. Centrifuge, transfer the supernate to a 125- ml
Erlemmeyer flask, and discard the precipitate.

Step 2. To the supernate add 1 ml of conc. HC1 and with constant
swirling evaporate nearly to dryness over a Fisher burner. Cool. Add
lmlof 6 M NH) OAc and 100 ml of Na precipitating reagent (see reagents). Stir
vigorously for 20 minutes using a magpetic stirrer. Centrifuge portionwise
using a 4O-ml conical centrifuge tube and discard the supernate after each
centrifugation. Wash the precipitate with 20 ml of special wash solution
{see reagents).

Step 3. To the washed precipitate add 20 ml of n-butanol, suspending
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PROCEDURE 2 {Continued)

the precipitate in the alcohol. Add 2 ml of n-butanol which has been
saturated with dry HCl (see reagents). Stir and add 6 ml more of n-butanol
saturated with HCl. Centrifuge the NaCl precipitate and discard the
supernates. Wash the precipitate with 20 ml of n-butanol plus 2 ml of
n-butanol saturated with HCL.

Step b, Dissolve the NaCl precipitate in 15 mi of Hx0, add 2 drops of
Fe carrier, meke the solution just basic with cone. NHhOH, and then add
3 drops in excess. Centrifuge, transfer the supernate to g 125 ml Erlemmeyer
flask and discard the precipitate.

Step 5. Repeat Steps 2 and 3.

Step 6. Dissolve the NaCl precipitate in 18 ml of H .0, add 2 drops of

2

Fe carrier, and make the soalution Jjust basic with conec. NHhOH. Centrifuge

and transfer the supernate to a clean 40 ml centrifuge tube. Make the solu-

tion approximately 3 M in HC1l, add 5 drops of copper carrier and saturate

with Hgs. Centrifuge and transfer the supernate to a 50 ml Erlemmeyer flask,

discarding the precipitate. Evaporate the solution to dryness over a Fisher

burner and heat in a furnace at 600° for 15 minutes. Cool to room tempersture.
Step 7. Add 1 mi of T0% HC10, and fume to dryness over a flame. (The

presence of a small quantity of free HClOu will not interfere in the steps

which follows.) Add 15 ml of n-butancl and bring the solution to boil o

dissolve the NaClOy. Transfer to a dry 40 ml conical centrifuge tube. Heat

almost to boiling and add 8 ml (the first 2 dropwise) of n-butanol saturated

with dry HCl. While the mixture is hot, filter through a tared No. L2

Whatman filter circle, 7/8" diameter, using a ground~off Hirsch funnel and

a filter chimney. Wash the Nall precipitate with approximstely 20 ml of

n-butanol. Dry at llOO for 10 minutes, cool, weigh, and mount (Note 1).

Notes:

1. The active Na isotope usually counted 1s either 15.1 h I\Iagj'F or

2.6y Nazg.
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PROCEDURE 3
Procedure Used In: Separation of Nagh from fission product mixture in ses water
Method: Precipitation and distillation
BElement Separated: Naea(l5h)
Type Material Analyzed: Sea water
Probable Origin: Na23(n,7)Naeh
Procedure By: Love and Sam(lQB)
Separation Time: Short
Chemical Yieid of Carrier: Quantitative
Equipment Needed: Apparatus described by author(leg).
Procedure:

1. To a hot solution of 75 ml of sea water and 1 ml of lanthamum carrier
(10 ng La+3/ml) in a 50 ml coentrifuge tube, add ammonium hydroxide until
lanthanum hydroxide precipitates. Centrifuge; decant the supernatant liquid
through a No. 42 Whatman filter paper into a clean centrifuge tube.

2. Cool the sclution in an ice bath. Pass anhydrous hydrogen chloride
into the solution by means of the anhydrous hydrogen chloride saturation
apparatus (Note 1). Saturate the solution with the gas under pressure (Note 2)
for 3 mimutes after the sodium chloride precipitates out. Then centrifuge.
Discard the supernatant liquid.

3. Wash the sodium chloride precipitate with 10 ml of hydrochloric
acid wash solution (Note 3). Centrifuge; discard the wash.

L. Dissolve the NaCl in 10 ml of distilled water. Again precipitate
sodium chloride with anhydrous hydrogen chloride. Wash the precipitate once
with 5 ml of the hydrochloric acid wash solution. Then filter through a
medium-pure sintered glass filter.

5. Wash the NaCl precipiftate twice with 5 ml aliquots of ethyl alcochol
saturated with hydrogen chloride gas, and twice with 5 ml aliquots of diethyl
ether saturated with hydrogen chloride gas.

6. Transfer NaCl precipitate to a preweighed weighing bottle. Count
Na2H gamma radicactivity {1.368-Mev) in a gamms spectrometer.

7. After counting, dry the Nall at 10500 in an oven, and cool in a

desiceator. Weigh to determine chemical yield. (Note &)
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PROCEDURE 3 (Contirued)

Notes:
: (128)
1. Saturation apparatus described by suthors.
2. At a pressure of 5 psi.
3. Made by saturating concentrated hydrochloric acid with hydrogen
chloride gas.
b, If necessary determine the initial amount of sodium in each sample

by flame photometry. However, in almost all cases, the amount of sodium

in sea water is a known constant.

PROCEIURE b
Procedure Used In: Radioactivation analysis
Method: Ion Exchange (carrier-free separation)
Element Separated: Na2(15 n)
Type Material Analyzed: Alkali carbonates and chlorides(62’160'l62)
Type Nuclear Bombardment: Na23(n,7)Na21‘

62
Procedure By: Brooksbank and Leddico‘cte( ) (Reported in detail by
Leddicottell63)

Separation Time: Several hours

Chemical Yield of Carrier: A carrier-free separation
Decontamination: Excellent from radionuclides of X, Bb, and Cs.
Equipment Required: Ton exchange columns

Procedure:

A. Irradiation of Sample Material

1. Irrediate known amounts of test (Note 1) and comparator samples
(Note 2) in a neutron flux of at least 6.5 x 10M! n/sec/cm® for 16 hours
or longer (Note 3). Prepare the test and comparator semples for the
irradiation either by wrapping each specimen in saluminum foil or placing
it in a quartz ampoule. If the sample is a liquid, small polyethylene

bottles can be used to contain the sample quring the irradiation {Note 4).
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PROCEDURE L (Continued)

B. Preparation of Irradiated Materials for Analysis

I. The Comparator Sample

1. After the irradiation, quentitatively transfer the comparator sample
(Note 2) to a 100-ml volumetric flask. Dissolve the sample ifi a small measured
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, transfer 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 an ion-exchange column (Notes 5 and 6). Then proceed
in the manner described below in Step 1 of Part C below.

II. Solid Test Samples

1. If the sample is a sclid, quantitatively transfer the test portion
intoc a 50-ml glass centrifuge tube, and then add dropwise to the same cenitri-
fuge tube enough concentrated HC1 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 an 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 an ion-exchange column (Notes 5 and 6); then continue with Step 1
on Part C below.

C. Ion Exchange Separation of Potassium

1. Connect the ion-exchange column to a reservoir (Note 7) that contains
a 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 HCLl through the column 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 (Wote 9). Process this fraction
of the eluate as instructed in Step 1 of Part D below.
L. If potassium, rubidium and cesium are not to be determined, stop the

flow of eluate from the column after this collection (Note 10).
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PROCEDURE L (Continued)

2k

D. Preparation of Na“™" Bluate for Radioactivity Assay

1. Evaporate to dryness the solution that was collected in Step 3 of
Part C above. Add 1 to 2 ml of conc. HC1 to the beaker, and then wash the
solubion into a 10-ml volumetric flask. Rinse the beaker with small portions
of H2O , btransfer the rinsings to the flask, and dilute the solution to volume.
Assay the solution for Nael‘ radioactivity as instructed in Part B below.

E. Measurement of Naeh' Radicactivity and Calculation of
Stable Sodium Content of Test Sample

1. The 1\13.21+ radiocactivity in both the test and comparator semples maey
be assayed by bets or gamma counting. Use a Geiger-Mueller counter for the
beta measurements and a gamme scintillation counter for the gamma measure-
ments (Note 11).

2. Pollowing the radiocactivity measurements, correct the observed NaLQ}1L
radicactivity for decay (Note 12), 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 sodium in the test sample:

% Na in Test Sample = Corrected Nagl* radicactivity in Test Sample

X 100
Corrected ;ag}* radicactivity in Comparator Sample

Notes:
1. Use at least 0.1-0.2 gram portiaors.
2. Use from 0.025 to 0.030 gram of sodium carbonate.
3. The limits of measurement for this procedure is about 0.005 micrograms
of sodium.
k., This type of sample will have to be irradiated in an air-cooled or
water-cooled facility of the reactor.
5. 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 bvase of the column holds the resin

in the column. The resin is pretreated with a sclution of C.1 M HC1. The
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PROCEDURE L {Continued)

treatment consists of passing the 0.1 M HC1l solution over the column until
the desired molarity (0.1 M) is obitained.

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 as the rinse liquid. In
transferring the radioactive solution on to the column, exercise care in
delivering the solution from the pipet so that the resin at the top of
the column will not be disturbed.

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

8. This solution may contain radiocactive anionic constituents. The

presence of these should not be confused with Na.2l"

which is eluted later.

9. This particular procedure is designed to separate Na, K, Rb, and
Cs in alkali carbonates and chlorides. This fraction will contain all of
the Naeh (15 n).

10. If X, Rb and Cs are to be determined, continue as follows: {(a) Collect
the next 700 ml of eluate and process for X; (b) collect the next 800 ml and
process for Rb; then, (c) strip the column with at least 1 N HC1 and process
this fraction for Cs. Potassium, rubidium and cesium comparator samples
should have been irradisted, if stable K, Rb and Cs are to be determined
in a sample.

1l. Gamma-ray energy discrimination may be used here. Nagl*(lB h) emits
1.368- and 2.75- Mev gamma radiations in its decay.

12, Decay measurements may be followed, if required.
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PROCEDURE 5

Procedure Used In: Radloactivation analysis
Method: Precipitation

BElement Separated: Nagh (15 h)

Type Material Bombarded: Water

Type of Nuclear Bombardment: Na23(n,7)Na2LL

Procedure By: Blanchard, Leddicotte, and Moeller(l5o’151)
Separation Time: Several hours

Chemical Yield of Carrier: 60-70% -

Equipment Needed: Standard

Procedure :
1. 30 mls of water was placed in a polyethylene bottle and irradiated

i n/cm?/sec.

for 16 hours in a flux of 6.5 x 10

2. If any specific element, such as sodium is t0 be analyzed guanti-
tatively, a known amount of Na2003 is irradiated along with the water
sample. The standard is processed in the same manmer as the unknown sample.

3. The radiochemical separation is carried out as outlined in "The
Chemical Separation Scheme” aitached.

L, The Na?br is found in the last step {Part II of the “"Scheme") with
the Soluble Group along with potassium rubidium and cesium. Because Naez‘L
decays with gemma radiations of 2.75-Mev (as well as 1.368-Mev), radiochemical
separations need not always be made (Note 1).

5. Use a gamma scintillation spectrometer %o measure the gamma radiations
{either the 1.368- or the 2.75-Mev) being emitted by Nazu.

6. Following the radicactivity measurements, correct the observed
Naeu radiocactivity for decay, dilution volume, sample and yleld weights for

both the ssample and standard. 4 ration of these corrected radiocactivities

becomes a measurement of the smount of stable sodium in the water sample.

2k ; ; :
% Na in ch Sample = Corrected Na  radicactivity in H.O sample % 100

Corrected Naak radioactivity in standard sample
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PROCEDURE 5 {Continued)

1. However, a further separation of the alkali metals may be made
by evaporating the solution to dryness in the presence of perchloric acid
and then extracting the perchlcrate precipitate with a mixture of butyl
alcohol and ethyl acetate., Sodium perchlorate is soluble; the insoluble
potassium and rubidium perchlorates can be removed by filtration. The Nagh
radicactivity in the sodium perchlorate solution may be measured directly

or collected as NaCl by treating the solution with anhydrous hydrochloric

acid.

Chemical Separation Scheme

1) A4 the rediosctive ssmple to & 56 milliliter centrifuge tube, Aerate 0 remove radioactive gases.
Acldify with ENOy and odd C1, Br, I, Cu, As, Fe, ¥, 0o, Mn, Zn, Ba, Sr, Ca, Na, and K carriers.
Precipitate CL, Br, and I with slight excess of Ag. Hest to coegulete the precipitate. Cenirifuge.

2) Precipitate: 3) Supernste: Adjust acidity to 0.5 § HC1. Ssturete with HeS. Centrifuge.

AgCl, AgBr,
Agi. Wash L) Precipitete: 5) Supernate: Transfer to besker. Add 1 ml cone, ECl. Boil until
with veter, Cul + Aspla. solution is cleer, Oxidize Fe'* to Fe'™** by bolling with HNOs.
fTilter, Wash with Cool solution snd mske 1:1 with conc, ECL., Weutralize with conc.
woant and. water, FH4OH to precipitate hydroxide. Centrifuge.
ecount. filter,
Designate mount and 6) Precipitate: 7} Supernate: Baturate with HpS. Centrifuge
as the court. Pe 4+ ¥
BILVER Designate bydroxides.  §) precipitete: 9) Supernate: Acidify solution with
GROUE. 88 the Wash with GoB, His, HOL. Boil to remove HzS. Add
ACID m; ZnS. Wash {Niy }2H{PO, ) end en excess of
3 » a L
SULI‘IDE' t lnd m ':s.ter, HE4OH. Digest. Centrifuge
eount. mount end  10) Precipitate: 21) Supernste:
Designate connt. Ca, Ba, and Soluble Llons.
as the Designate 8r phosphates, Designate as
HYUROXIDE a8 the Wash, filter, the SULUBLE
GROUP. BABIC mount, &nd GROUP,
SULFIDE count.,
RO, Designete ag
the ALKALINE
GROUP .
PROCEDURE 6

Procedure Used In: Radicactivation analysis

Method: Precipitation

Element Separated: Nagl“ {15 h)

Type Material Bombarded: Aluminum(138)

Type Nuclear Bombardment: Na23(n,7)N3.21’
Procedure By: Plumb and Silverman(l38)

Separation Time: 3 hours
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PROCEDURE & (Continmed)

Chemical Yield: 75%
Equipment Needed: Standard
Procedure:

1. The aluminum sample along with Na2CO3 and NaHCO3 standards were
irradiated in positions 1Lk-Z-19 through 1h-Z-21 of the Graphite reactor
at Oak Ridge National Laboratory (Wote 1), for 1 week.

2. After irradiation, the sample was dissolved in HCL and H202 in
the presence of 5 mg of sodium carrier (as NaCl).

3. The Na is precipitated as sodium zinc uranyl acetate. The precipi-
tate is filtered, then redissolved in hot watler.

i, The solution is made acid with HC1, copper holdback added, and CuS
precipitated with Hgs.

5. The CuS is discarded and Na is again precipitated with Zinc uranyl

acetate and is used for counting measurements using an end-window Geiger

tube (Note 2).

Notes:
1. The authors used this facility since it is the most thermalized
facility in the reactor, in order to get away from the fast neutron reaction

2T(n,a)Na2u.

of AL
2. With the development of the gamma scintillation spectrometer,
it is no longer necessary to make a chemical separation of sodium. It

can be measured directly by using the 2.7 Mev energy of Naeh.

PROCEDURE 7
Procedure Used In: Radiocactivabion analysis
Method: Direct {separation sometimes required)
Element Separated: Naek (15.0 h) and others

Type Material Bombarded: Normal biological tissues (male)
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PROCEDURE 7 (Continued)

Type Nuclear Bombardment: N'a23(n,7)1\1a2h
Procedure By: Hall(lho)
Separation Time: 3 hours

Equipment Needed: Two 2 x 1 1/8 in. crystals and a coincidence analyzer
modified for two a-d channels

Procedure:
1. The biological material to be analyzed was placed in a nuclear
reactor for irradiation, along with pure samples of its constituents.
2. After irradiation, the products are measured by simultaneous
pulse-height and coincidence analysis, using two 2 x 1 5/8 in. crystals
and a coincidence analyzer modified for two a-c channels.

3. The formulation for coincidence analysis is:

1 1
Sm = KaS ot KbS pcoc oot SB

1
CB—CB+SBQ‘t
1 1
C,=C, +Cp+ 5zt
1 1 1
Cp=kal +kCL + .. . +C + 8ot

where @&, b, ¢ . . . are constituents of the mixture M, Sa = {geometrical)

average counting rate in one crystal {no coincidence) for the vial containing

pure element a

C1 = single-event coincidence rate; t = coincidence interval; and ka = ratio

lSla = Sa - SB with B denoting background; C = coincidence rate;

of a in the mixture to a in the pure standard.

According to the author, it is possible to measure Na, K, Fe, Co,

Zn, and Cu in normal biological material and Sb, Ag, Br, Cs, Hg, and As
6

when present at 10~ gm/cm3. Radiation time: 30 days.
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PROCEDURE 8

Procedure Used In: Radicactivation analysis
Method: Precipitation

Element Separated: Nazl‘ (15 n)

Type Material Bombarded: Magnesium

Type Nuclear Bombardment: Na23(n,7)Na2u
Procedure By: Atchison and Beamer(lSS)
Separation Time: Several hours
Chemical Yield of Carrier: GQuantitative
Equipment Needed: Standard

Procedure:

A. Irradiation of Sample Material

1. Magnesium turnings were irradiated for Ut weeks at the Osk Ridge
National lLaboratory in a flux of 5 x 10ll n/sec/cm? along with a weighed

portion of Na2003 for a standard (Note 1).

B. Radiochemical Separation of Naeh

1. After the irradiation, dissolve a weighed portion of the Mg sample
in 16 ml of 12 M HC1 in the presence of 60 mg of K and 80 mg of Na carrier
and 10 ml of water in a 250 ml beaker.

2. Evaporate the contents to a small volume to remove excess acid.

3. Transfer the solution to a 100-ml mixing c¢ylinder and dilute to
approximately 75 ml and add 13 ml of n-butylamine. Dilute to 100 ml and
mix well.

4, Centrifuge the slurry and decant the clear liquid through a dry
filter paper. Place a 60-ml aliquot in a 150-ml beaker and evaporate to
dryness on a hot plate. Sublime the amine hydrochloride away using & Bunsen
flame while passing a stream of nitrogen into the beaker.

5. After the beaker cools, add 2 ml of 16 M HNO, and evaporste to

3
dryness. Repeat treatment until all organic matter is destroyed. Four
or five evaporations are usually reguired.

6. Add 5 ml of TO% HC10) and evaporate to dense fumes. Semrate
the K perchlorate by treatment with ethyl acetate (Note 2). Filter;

discard the precipitate.
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PROCEDURE 8 (Continued)

7. Add n-butyl alcohol; evaporate to expel the ethyl acetate.
Precipitate the sodium as NaCl by adding a solution of HCLl gas in n-butyl
alcohol (Note 3).

8. Collect the precipitate and dry at 110° ¢ for 10 minutes and

ignite at 600o C for 5 minutes. Weigh as NaCl to determine the chemical

yield.
9. The Na2003 comparator is carried through the same procedure as
the Mg sample.
C. Measurement of Na2LL Radioactivity
2k

1. The activity of the Na~ may be measured by beta or gamms counting.
Use a Geiger-Mueller counter for beta measurements and a gamma scintillation
counter for the gamma measurements.

2. Following the radiocactiviby measurements, correct the Na2b activity
for decay, dilution volume, and sample and yield weights for both the
magnesium and standard samples. A ratio of these corrected radiocactivities

becomes a measurement of the stable sodium in the sample:

¢4 ¥ in Sample = Corrected Naau in Mg sample
& =

S X 100
Corrected Na~  in standard sample

Notes:

1. A 2bh-hour irradistion would be sufficient if the analyst can
obtain the sample within a day after irradiation.

2, Page 8 in "Applied Inorganic Analysis™ by W. F. Hillebrand and
G. E. F. Iundell - 1929,

3. The analyst must remember that Nagh can also be formed by the
fast neutron reaction, MgEQ(n,p}Nagh. The authors found that a Mg
sample with 10 ppm of stable Na present analyzed 123 and 116 ppm by

activation.
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PROCEDURE 9
Procedure Used In: Radioactivation analysis
Method: Precipitation
Element Separated: Naeu (15 n}

Type Material Bombarded: Dunite mineral ore from Balsam Quarry, North Carolina
Type Nuclear Bombardment: Na23(n,7)Na2LF

Procedure By: Salmon(lse)

Separation Time: Not estimated by author

Chemical Yield of Carrier: Approximately T5%

Equipment Needed: Standard

Procedure:

1. Weigh approximately 50 mg of sample into a short length of polythene
tubing and heat seal the ends. Similarly, weigh and seal 20 mg of NaQCO3
dried to 110° C as a standard. Irradiate sample and standard in BEPO (at
Harwell) for about 3 hours.

2. After the irradiation, empty the sample into a platinum dish con-
taining 5 ml of a solution of NaCl as carrier (10 mg of Na©¥ per m1). Add a
few drops of H,50, (SpG 1.8L4) and 10 ml of 40% HF. Evaporate gently to
fumes of H2SOu, cool and add 10 ml of HF and again evaporate to fumes.

Cool the residusl solution and transfer it to a 250-ml beaker with a few
milliliters of HQO.

3. Add 10 ml of HNO3 (SpG 1.32). Evaporate to fumes; cool to room
temperature and transfer the solution with 2-3 mls of water to a 50~ml centri-
fuge tube.

Lk, At this step, teke a suitable aliquot from the irradiated standard
and to it add 5 ml of sodium carrier and continue with the separation for
both sample and standard.

5. Add 10 mgs of Pe'S or chloride, stir and make basic with NaOH.
Centrifuge the Fe(OH)3 and filter the supernate into another 50-ml centri-
fuge tube.

6. Just acidify the filtrate with glacial acetic acid and chill the

mixture in an ice bath. Then add 25 ml of zinc uranyl acetate reagent {Note 1)

with stirring and digest for 15 minutes. Allow the precipitate to settle,
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PROCEDURE 9 (Continued)

then centrifuge. Discard the supernate. Wash the precipitate three times
with ethanol.

7. To the sodium zinc uranyl acetate precipitate, add 15 ml of ethanol
saturated with hydrogen chloride gas. Digest in an ice bath for 15 minutes.
Centrifuge and wash the precipitate 3 times with ethanol.

8. Make a slurry with a small quantity of ethanol (Note 2) and transfer
it to a weighed counting container, dry it under an infra-red lamp and weigh
for chemical yield determination.

9. Determine the Na2h either by beta or gamma measurement. Amount of

stable sodium in sample by:

- e en s
Wt of Naeh in sample = (Wt. of Na in standard) (Na® activity in sample) (Note 2)"

Nagh activity in standard

Notes:
1. Prepared by dissolving 77 g of uranyl acetate in 410 ml of HQO and
13.3 ml of glacial acetic acid. Warm to 700 C to aid dissolution. Also

dsssolve 231 grams of zinc acetate in 262 ml of H,0 and 6.6 ml of glacial

2
acetic acid. Mix the two solutions and allow to stand for 24 hours before
filtering the reagent to remove any precipitated solids.

3

2. NaCl may be dissolved in HEO; scavenged with Fe” and ammonia

and then reprecipitabed as Nall with ethanol-hydrogen chloride.

PROCEDURE 10

Procedure Used In: Radioactivation analysis

Method of Separation: Precipitation

Element Separated: Nazu (15 h)

Type of Material Bombarded: Water, reactor cooling water, plastics, aluminum,
stainless steel, soils, vegetation, ore concen-
trates, clays, limestone, cement, tissue, resins,

lithium carbonate, lithium iodide, alumina,
ete, (160-162)
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PROCEDURE 10 (Continued)

Type of Nuclear Bombardment: Na23(n,7)N32h
Procedure By: Mullins and Ieddicotte(l6h)
Chemical Yield of Carrier: At least 70%
Time of Separation: 2 hours

Degree of Purification: Greater than 105

from all radionuclides
Equipment Needed: Standard
Procedure:

A. Irradiation of Sample Material

1. Irradiate known amounts of test (Note 1) and comparator (Note 2)
. 11 2
samples in a neutron flux of at least 6.5 x 107~ n/em /sec for 16 hours or
longer (Note 3). Prepare the test and comparator sample for the irradiation
either by wrapping each specimen in aluminum foil or placing it in quartz

ampoule. ILiquid samples should be irradiated in polyethylene bottles (Note k).

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

B. Preparation of Irradiated Materials for Analysis
then dilute the solution to 100 ml with water. Mix the

volume of 6 M HN03;
solution well by carefully shaking it.

2. By means of a volumetric pipet, pipet a 1.00-ml aliquot of this
solution into a 100-ml volumetric flask; then filute the aliquot to 100 ml

with water,

1
\
3. Shake the solution thoroughly; then pipet a 1.00-ml aliquot of it ‘
into a 50-ml glass centrifuge tube. By means of a volumetric pipet, add to l
the same centrifuge tube, 2.00 ml of a standard carrier solution of known «
sodium concentration (Note 5). Also, add 1 ml each of holdback carriers
of barium, cadmium, cobalt, copper, iron, manganese, phosphorus, potassium,

and zinc (Note 6). Dilute the solution to 20 ml with water, mix it well,

and make the solution 0.3 M in HCL., Continue with Part C below.
]

II. BSolid Test Sample

1. If the sample is a metal or alloy, quantitatively transfer the
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PROCEDURE 10 (Continued)

irradiated test portion from the quartz tube or aluminum wrap to a 50-ml
glass centrifuge tube, and then add, by means of a volumetric pipet, to

the same centrifuge tube 2.00 ml of a standard carrier solution of known
sodium concentration (Note 5). Also add 1 ml each of holdback carrier of
barium, cadmium, cobalt, copper, iron, manganese, phosphorus, potassium, and
zinc (Note 6). To this mixture, add dropwise enough concentrated mineral
acid to completely dissolve the sample (Note 7). Dilute the solution to

20 m! with water, mix it well, and make the solution 0.3 M in HC1l. Continue

with Part C below.

III. Liquid Test Samples

1. Pipet an aliquot of the irradiated portion into a 50-ml glass centri-
fuge tube. By means of a volumetric pipet, add to the same centrifuge tube

2.00 ml of a standard carrier solution of known sodium concentration (Note 5).

Also add 1 ml each of holdback carriers of barium, cadmium, cobalt, copper,
iron, manganese, phosphorus, potassium, and zinc (Note 6). Dilute the solution
to 20 ml with HZO’ mix it well, and make the solution 0.3 M in HCL. Continue
with Part C below.

IV. Organic Test Samples

1. If the sample is a tissue, vegetation, or a similar material,
quantitatively transfer the irradiated test portion from the irradiation
container to a 50-ml beaker. By means of a volumetric pipet, add to the
same beaker 2.00 ml of a standard carrier solution of known sodium con-
centration (Note 5). Also add 1 ml each of holdback carriers of barium, cad-
mium, cobalt, copper, iron, manganese, phosphorus, potassium, and zinc (Note 6).

Then add 3 ml of conc. Hgsou and 4 ml of conc. HNO Cover the beaker with

3°
a watch glass; then boil the solution for 15 minutes. Cool the solution,

add to it 3 ml more of cone. HN03, and boil the solution for 15 minutes (or

to fumes of SO Repeat the addition of HNO, and the boiling untdl the

3)' 3
sample is dissclved. Add e few ml of conc. HCl, evaporate to remove HNO3.
Repeat several times if necessary. Dilute solution to meke it 0.3 M in HCI.

Transfer to a 50-ml centrifuge tube; then continue with Part C below.
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PROCEDURE 10 (Continued)

C. Radiochemical Separation of Nagh

1. Saturate the solution with H,S. Centrifuge the mixture (Note 8).
Transfer the supernatant liquid to a new 50-ml centrifuge tube. Wash the
CuS precipitate with one 10-ml portion of hot water. Centrifuge and add
the wash to the centrifuge tube. Discard the precipitate.

2. Add 3 ml of bromine water to the supernatant liquid-water wash
mixture. Boil until all of the excess H2S has been removed; then add conc.
NH,OH dropwise until no further precipitation of Fe(OH)3 oceurs. Centrifuge
the mixture (Note 9). Filter the supernatant ligquid into a 150-ml
beaker and eveporate the solution to dryness. Remove the ammonium salts,
NH31+, by ignition or by evaporating in an acid sclution (Note 10).

3. Dissolve the residue in the beaker in a few milliliters of distilled
water and transfer the solution to a 50-ml centrifuge tube. Rinse beaker
with additional water and transfer the rinses to the centrifuge tube.

k., Concentrate the solution volume to 1 or 2 ml by boiling. Cool;
then add 10 ml of zinc uranyl acetate reagent to the tube for each ml of
the concentrated solution. Stir the mixture thoroughly. Cool in a water
bath at 20° (+ 1°) C for 30 to U5 minutes. Stir occasionally. Centrifuge
the mixture; discard the supernatant ligquid.

5. Wash the precipitate twice with 5 ml volumes of the zinc uranyl
acetate reagent. Centrifuge after each wash; discard the wash liquid. Wash
the precipitate at least twice more with two 10-ml” volumes of 95% ethyl
alcohol and once with one 10-ml volume of ethyl ether. Centrifuge after
each wash and discard the wash liquid.

6. Add 20 ml of 12% BuOH-HCl reagent to the precipitate. Stir the
mixture thoroughly. Digest at 200 <f lo) C for 5 minutes; then centrifuge,
discard the supernatant liquid.

T. Wash the precipitate once with a mixture of 10 ml of ethyl ether
and 10 ml of 12% BUOH-HCL reagent. Centrifuge; discard the supernatant
liguid.

8. Filter off the NaCl through a tared filter paper (Munktelle No. 00}
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PROCEDURE 10 {Continued)

that is held in a Hirsch funnel; wash the precipitate three times with 10-ml
portions of ethyl ether. Dry the precipitate for 10 minutes in a drying oven
at llOO C. Weigh the NaCl precipitate and filter paper on an analytical balance.

Mount the precipitate and count its radiocactivity as instructed in Part D below.

D. Measurement of Na2h Radiocactivity and Calculation
of Stable Sodium Content of Test Sample

L. The Nazu radicactivity in both the test and the 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 11).

2. Following the radiocactivity measurements, correct the observed Nagu
radiocactivity for decay (Note 12), dilution volume(s), and the sample weights
{or volumes) of both the test and comparator samples. A simple ratio of

these corrected radiocactivities becomes a nmeasurement of the amount of stable

sodivm in the test sample:

2k X ey
% Wa in Test Semple = Corrected Na = radicactivity in test Sample X 100

Corrected Nagh radicactivity in comparator sample

Hotes:

1. ©Solid test samples should weigh from 0.10 - 0.20 gram; liquid samples
should have a volume of from 5 - 25 milliliters.

2. Use 0.025 to 0.030 grams of spectrographically pure NaQCOS.

3. The limits of measurement for stable sodium by this procedure
is 5 x 1077 gram.

L, Irradiations of liquid, vegetation, or similar type sample materials
must be made in an air-cooled or water-cooled reactor irradiation facility.

5. Standardized to contain at least 10 milligrams of sodium per milliliter.

6. Solutions of the ions of other elements wmay also be added as holdback
carriers; concentration equal to 5 milligrams of element per milliliter.

7. Boils, clays, and similar materials may require addition of HNO, or

3

fusion.
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PROCEDURE 10 {Continued)

8. Additional amounts of Cu+2 ions may be added here for further
scavenging of acid sulfide precipitible elements. Sufficient H2S is
present to cause CuS precipitation. Centrifugation is advisable after
each addition of copper holdback carrier.

9. Additionsl amounts of Fe+3 ions may be added here 4o serve as a
scavenger for other hydroxide precipitible elements. Sufficient NH3 ions
are present to cause Fe(OH)3 precipitation. Centrifugetion is adviseable
after each addition of irom holdback carrier.

10. A 1 part conc. HCLl to b parts conc. HN03 mixture can be used here.
Add at least 5 milliliters of this mixture and heat to boiling.

11. GCemme~rsy discrimination may be used here.

12. Decay measurements may be followed, if reguired.
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