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FOREWORD

The Subcommlttee on Radlochemlstry is one of a number of
subcommittees worklng under the Committee on Nuclear Sclence
wlthin the Natlonal Academy of Sclencee - Natlonal Research
Councll. Its members represent government, lndustrial, and
university laboratorlies 1n the areas of nuclear chemistry and
analytical chemlstry

The Subcommlttee has concerned ltself wlth those areas of
- nuclear sclence which involve the chemlst, such as the collec-
tlon and distribution of radlochemlcal procedures, the estab-
lishment of specificatlons for radlochemically pure reagents,
avellablllty of cyclotron time for service lrradlations, the
place of radiochemistry in the undergraduate college program,
etec.

This series of monographs has grown out of the need for
up-to-date compllatlons of radlochemical lnformation and pro-
cedures. The Subcommlittee has endeavored to present a serles
which will be of maximum use to the working scientlst and
which contalns the latest avallable informatlion. Each mono-
graph collects 1n one volume the pertlnent information required
for radiochemical work with an indilvidual element or a group of
closely related elements.

An expert 1n the radlochemistry of the particular element
has written the monograph, followlng a standard format developed
by the Subcommlttee. The Atomlc Energy Commlisslion has sponsored
the printing of the seriles.

The Subcommlttee 1s confldent these publlcatlons will be
useful not only to the radlochemlst but also to the research
worker In other flelds such as physlcs, blochemistry or medlclne
who wilishes to use radlochemilcal technliques to solve a speclfilc
problem.

W. Wayne Melnke, Chalrmsan :
Subcommlittee on Radlochemlstry
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INTRODUCTION

This volume which deals with the radiochemistry of iron
1s one of a serles of monographs on radlochemistry of the elements.
There is 1ncluded a review of the nuclear and chemlcal features
of particular 1lnterest to the radiochemlst, a dlscusslon of prob-
blems of dlssolutlon of g sample and counting techniques, and
finally, a collection of radlochemical procedures for the element
as found in the literature.

The serlesa of monographs will cover all elements for which
radiochemlcal procedures are pertinent. Plans include revislon
of the monograph periodically as new techniques and procedures
warrant. The reader is therefore encouraged to call to the
attentlon of the author any publlished or unpubllshed material on
the radiochemlstry of iron which might be lnecluded 1nh a revised
version of the monograph.
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The Radiochemistry of Iron

By J. M. Nielsen
Hanford Laboratories
Hanford Atomlc Products Operation
Richlend, Washington -
August 1960

I. GENERAL REVIEWS (F THE INCRGANIC AND ANALYTIGAL CHEMISTRY OF IRON
"A Comprehensive Treatise on Inorganic and Theoreticel Chemistry", J. W.
Mellor, Vol. XII, XIIT snd XIV, Longmans, Green and Co., New York (1931).

"Ferrous Analysis. Modern Practice and Theory”, E. C. Pigott, 2nd ed.
Rev., pp. 215-231, John Wiley and Sons, Inc., New York (1953).

"The Chemical Elements and Their Compounds™, N, V. Sidgwick, Vol. II
pp.1322-137h, University Press, Oxford (1951)

"Treatise on Inorganic Chemistry , H. Remy, Vol. II, PR 252-290, Elsevier
Publishing Co., New York (1956). )

"Analytical Chemistry of the Maphatten Project", C. J. Rodden and J. C.
Warf, pp. 415-1»28 McGraw-Hi1ll Book Co., New York {1950).

"Applied Inorganic Analysis", Hillebra.nd, Lundell, Bright and Hoffman,
2nd ed., John Wiley msnd Soms, Inc. , New York (1953)

"Scott's Standard Methods of Chemical Analysis", N. H. Furman, Editor,

- 5th ed., Vol. I, "Iron", pp. 462-497, D, ¥Ven Nostrand Co., Inc., New °
York (1939). o : . '

II. REVIEWS OF THE RADIOCHEMISTRY OF IRON

"Radiocactive Isotopes of Iron and Their Use in Chemistry and Biologv .
V. I..Goldanskii and M. B. Neiwan, Uspekhi Khim. 19, 320-41 (1950) (In
" Ruesian). .

"Iron-60", J. c. Roy. and T, P. Kohman, Can. J. Phys. 35, 649-55 (1957).



III. TABLE OF ISOTOPES OF IRON .

Isotope Percent Half ILife Decay ' Energy MB§?°d
. Abund. . (]Ev) Prepa.ration
re?2(1) _ 8.2 h B*(56.54)  0.804 cr50(x, 2n)
E(43.59)
| | { @00%)  0.165 |
ped3(1) 8.9 m gt . 2.8 cr2%%c, )
: gt 2.38 Fe5h(n,2n)
g*(1) 1.57 :
0.38
Fe5h ' - 5.8
Fad? 2.60y  EC - 0.22 Fed* (n,X)
) (internal Fe5h(d,p)
bremsstra-  MnJ2(p,n)
hlung) RiM(npe)
Fe56 91.68
Feol - L
Fe 0.31
Fe? '_ _ _ 45.1 @ BT(464) 0.271 Fe58(n,x)
BT(5hg) 0.462 Co22(n,p)
p=(0.39) 1.560 N152(n o)
3§ (2.8 0.191
5 (57 1.098
y (439 1.289
Feb0 ~3x100 y - Cu(400 Mev p)
Fesl(z) 6.0 m B~ 2.8 Nigt(n,oc)
§ 0.29 N1>*(a mtp)
Cu65(n,<p)

Unless otherwise noted these data are from "Table of Isotopes" by D.
Strominger, J. M. Hollander and G. T. Seaborg, Reviews of Modern Physdis 30,

' Yo. 2, Part II, 628-629 (1958). -

IV. REVIEW OF THOSE FEATURES OF IRON CHEMISTRY OF
CHTEF INTEREST TO RADIOCHEMISTS

Iron is the fourth most abundant element in the crust 6f the earth of

which 1t comstltutes 5.1 percenmt. It is found in practically all rocks and
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goils and is present in hundreds of minerals. Because of 1tes abundance and

"~ 1te metallurgiéal properties, 1t 1s the basic materiml of civilization. Com-
pounds 61‘11'0: ere of fundamental importance to living organisms, both animal
and vegetable, belng required mainly to promote oxldatlon. Iron compounds

are lwportant catalysts for chemlcal reactions, especlally oxidetion-reduction
reactions, Because of thls lmportance and widespread sbundance, lron analyses '
are perhaps the most commonly performed chemicel anelyses, and iron separation

prior to other analysee is very importent.

1. Metallic Iron and the Iron Oxides and Hydroxides

Iron is a white, lustrous, rather soft metal (hardmese 4.5) with a
specific gravity of 7.86 aend a melting point of 1528°C. It exists in two
fundamentelly different crystalline forms depending upon the tewperature.
Below 906°C and above 1401°C it forms a body-centered cubic lattice. At
temperatures below the Curile point (768°C) iron is known as &-irom and is
ferrémagnetic. Between 906°C and 1401°C the lattice ie a face-centered cubic,
non-magnetlzable form known as ¥-iron, The non-uwegnetic body-centered cublc
lattice iron between 768 and 906°C is sometimes known es §-iron.

Iron 18 generally produced by reduction of oxilde or cerbonate ores with
carbon monoxide. This crude irom is onlj 92-96 percent pure. Steel is pro-
duced from crud; iron by eliminating the wmajor proportion of the impurities,
controlling the amount of carbon, and adding alloylng metals, especlally
manganese. Pure iron can be prepared (1) by heating chemically purified iron
oxalate in the sir to form the oxide which is subsequently reduced with hydro-
gen; (2) by thermally decomposing iron pentacarbonyl; or (3) by electrolyzing
aqueous solutions of ferrous salts. The potential for the Fe-Fe(II) couple
is + 0.440 volt at 25°C.

Iron diseolves in hydrochloric acid, dilute sulfuric acid and dilute
phosphoric acid to yleld ferrous salts of these acids. Nitric, perchloric,

chloric, bromic and iodic acids, although possessing definite oxidlzing pro-



perties, alsc yleld ferrous salts 1f the acide are dilute and the reaction
progresses at room température. With concentrated or heated acids férric -
salts are formed. Hyﬁrofluoric acid ylelds slightly soluble ferrous fluoridg.
Concentrated nitric, lodic and chloric acids diesolve iron very slowly, prob-
ably because of the formation of insoluble oxide films, Kitric acid with a.
specific gravity of 1.2 dissolves lron wmore rapidly than any other concentra-
tion of nitric acid. Iron is not dissolved by cocld, concentrated sulfuric
acld but does dissolve in the hot acid with the evolution of sulfur dloxide

to form ferric sulfate. Iron diesolves rapldly in agueous solutions of aodigm
hypochlorite, ammonium persulfate, and copper ammonium chloride,

Iron forme the oxides FeO, Fe203, Pe30h and probably unstable Fe02,
FegO5 end an iron peroxide or peroxyhydrate, and the hydroxides Fe(OH)o and
FeO(OH). Fe30, is & double compouﬁd (epinel) of FeO and Fep03. FepOg has a

'decomposition temperaturé of l300°C and the other oxldes ere converted to 1t
by heating below this temperature 1n the presence of oxygen. Ignition of
Fe203 at 1000-1100°C is recommended for analytical purposes. Heatlng sbove
1400°C converts Fe203 to Fe304 end finally to PeO by the loss of oxygen.
Strongly 1gnited Fe203 diseolves with diffilculty in hot hydrochloric acid,
being more readlly soluble in hot 8:3 sulfuric acld. The oxides are also
readily attacked by hydrofluoric acid. The unignited oxides mre soluble in
hot hydrochloric acid. Thelr rate of solution may be increased by
adding reducing agents such as stannous chloride.

Ferrous hydroxide, Fe(OH)p, is a white flocculent material precipitated
by elkeline hydroxides from solutions of ferrous salts in oxygen-free solu-
tion. It has a solubllity product of 3 x 10'1h. In the presence of oxygen
(or air) the hydroxide is slowly oxidized to the ferric oxide hydrate, with
a color change through green end black to deep red brown. Ammonium hydroxide
does not completely precipltate ferrous hydroxide, indeed, Fe(QH)2 ie not

precipitated in the presence of 2 high concentretion of emmonium selts.

Fe(OH)» 1s soluble in acids and in concentrated sodium hydroxide. The only



50 or FeO(OH).

It is formed as an amorphous, red-brown precipltate from ferric salt solutiom

known hydrated oxide of ferric lron has the composition Fe203'H

by hydrolysis or addition of alksll or ammonia, and has a solubllity product
of 10'36. The precipltate has a high surface activity and on standing forme
a gel. Freshly precipitated ferric oxide hydrate is readily solub;e In diltt
strong acids and 1s slightly soluble in hot concentrated alkali hydroxide
solutions.
. 2. Soluble Compounds of Iron
In most of the compounds of interest to radlochemlsts, i1ron has the oxid
tion state of +2(ferrous) or +3(ferric). In general, the ferrous and ferric
salts heve similar solubilities in water. The nitrates, sulfates, chlorides,
bromides, thiocyanatéa and lactates are generally insoluble. Most ferrcus
salts are not completely stable in air. They are fairly stable in the pfesen
of alr when in acid solution, but readlly oxidize when the solutions are basl
Perrous iron 1s quantitatively oxidized to the ferric state by strong oxidiz-
.1ng egents such as nitric acid, hydrogen peroxide, dichromete, permanganate
and ceric sulfate. Ferric iron 1s quentltatively reduced to the ferrous stat
by reducing agents such as stannous chloride, hydroxylamine hydrochloride,
hydroquinone, zinc and hydrochloric ecid, metallic mercury, iron and hydrogen
sulfide. Iron may exhiblt oxldation states of +3, +4+ and +6 in the ferrite
(Fe03), perferrite (Feos) end ferrate (FeO}) compounds, These salts are
generally rather unsteble, Iron also forme numeroue nitrosyl end carbonyl
compounds.
3. Insoluble Compounds of Iron
Some of the insoluble compounds of 1ron are listed in Table II.
Although most analytical procedures for ilrom are volumetric, some gravi.
mefric procedures are used and certeain precipitetion reactions are useful in
analyses. Of these, some discusslon follows for the ferric oxide bydrate,
sulfide, basic formate, periodate and cupferraste precipitates, end the salt
of N-benzoylphenylhydroxylamine. A gravimetric method wmay be especially vali

gble when several elemente must be separated in sequence from 6ne sample.



TABLE II

Solubllity in Water

d
Gompoune g/100 ml (25°C)

FeOH(CQH302)2 (basic acetate) i

Fe3(A50u)2-6E20 1

FeAsO, - 2H,0 i,

Fe(C7H505) 3 (benzoate) 1.

FeCO3 0.072 (18°)

Fe [06551‘(1‘0)0___[3 (cupferrate) 2x106 (18°¢)

Fe_{re (cx) 612 i.

Fe Fe(CN)g i.

Feu[Fe(CN)s:b 1.

re3(on)2(ncoo)7-lmeo (basic formate) 6.1

FeF3 5.59

FeO(OH) (oxide hydrete) 2.6x10-9

Fe(OH)2 0.‘00%7

Fe0 ' 1.

Fe30, 1.

F6203 1.

FeCg0y,* 20,0 (oxalate) 7.75%1073

Fe3(POy),-BHo0 1.

FePOh-aHEO v.8l.B.

Fe), (Pp0;) 5" 9H0 i.

FeS 0.00062 (18°¢)

FE3SI+ i.

FeS,, 0.000k9

Fe803'3320 v.8l.se.

Fe (VO3) 3 i.




Ferric oxide hxdrateﬁ Precipitation of iron as the ferric oxide hydrate

[Feo(cE)] 1 accomplished in a NEyOH and NH,Cl ‘buffered solution.

This reaction 18 useful in separating iroﬁ.from the alkelis, alkaline. earths,
zinc, lead, caedmium and other metals whose hydroxides are precipitated at

higher pH's than iron, or which can be held iﬁ solution by excese ammonium
chloride. Organic oxyacids, alﬁdhols, sugers, pyrophosphate, éraenate or

| arsenite inhibit or retard thie precipitation. Ammonium bydroxide also pre-
cipitates.aluminum, trivalent chromium, titﬁnium, zirconium, phosphates,

- arsenates, aﬁd some vanadium end molybdenqm under the conditions employed to
preclpitate iron. Ferric oxide hydrate is a non-specifig, non-isotopilc cafr;er
having high sufface sctivity whiﬁh especlally occludes lone of copper,.nickel,
cobalt and ﬁanganese and vhich adsorbs foreigh ione even after the precipiltate
1s.fo:med. This makes 1t useful as a scavengef but limits the application of |
this precipitete in radiochemical determinﬁtiops-of iron. (In et least one

. application, the adsorptive propertles of this préqipitate were of aﬁalytical .

falue in an iron détermination. A carrief—free 1solation of Fe59 wes ﬁade by

3. D. Gile ot a1(3) yhere carrier-free Fe?d was quantitatively retained on-

_ filter paper as the radiocolloid. Bee Procedure 10, Section VII of this re-
port.) Ferric oxide hydrate may be converted to Fe203 for weighing by heat-
ing in thé presence of air to constant.weigbt at 1000-1100°C.

Alkall hydroxides and peroxides coﬁpletely precipitate ferric oxide .
hydrate in the absence of organic materiale but do not effect ma efficient

a separation &s KB, 0H from those metéls such e&s cobalt, nickql‘and zinc Hﬁicﬁ
form ammonium comﬁlexes. Alkali'carbongie sqlutions preciplitate a basic ferric
carbonate which cen be hydrolyied fo the hydréted fer;ic oxide by boi;ing.

Ferrous sulfide: Ferrous sulfide can be precipitated from neutral or

slighfly acld soiutions Qf'either.ferrous-or ferric ealts by ammonium sulfide,
" but a.mOre easlly filtered precipitate is obtained if fhe iron 1s reduced to
the ferrous state fifst. Stokes and Cain(h) recouﬁend the addition.of.some .
éadmium as collecfor. Prior removal of heavy metals by hydrogen sulfide pré- '

cipitatlon in acldlc solution is best avolded, since some wetel sulfides, for

7



example tin sulfide, carry down iron. A clean separation of iron as the sul-
fide 18 1limited to aamples which are free from metals that give only slightly
soluble sulfides in excess ammonium sulfide. The moet useful procedure is to
rrecipitete the iron as the sulfide from an ammoniacal solution with the iron
held in solution as a eitrate or tartrate complex. If the solution containa '
sufficlent tertrate, separation is obtalned fron alumiinum, chromium, titanium,
zirconium, niobium, venadium, urenium and phosphate. Cobalt, copper, zinc
and nickel are not separated. The ferrons pulfide precipitate is unstable
and in the presence of air is oxidized to ferrous sulfate end finally to &

" brown basic sulfate. The freah preclpltate is usually dissolved in hydro
chloric acld, oxidized to the ferric state by permanganate precipitated as
the hyﬂ:ated oxlde, mufflea, and weighed.

- Ferric basic formate' Willard(5 6) recommenda the homogeneous preci-

pitation of iron as the basic formate by urea hydrolysis, precipitating the
main portion of the iron (over 90 percent) at & low pH (1.8) apd the remain-
der at a pH of 3 to obtain qpan%itat1Ve precipitatian and good separation
from other metals (except aluminum). The precipltate formed is about 20
timea smaller in volume than hydrous ferric oxide, eaay to wash and filter, -
and does not reedily adsorb metal impurities. Thia precipitation was recom-
mended for the separatlon of iron from bivalent metals. The basic formate
can be converted to the oxide for weighing by 1gniting at 1000-1100°C.

Ferric pericdate: In the presence of aluminum a satisfactory separa-

tion of iron 1s not possible with the basic formate procedure. Ginasburg,
Millar und Gordon(T) have shown that an effective separation of iron from
aluminum ean be obtained by & homogeneous precipitation of ferric periodate_
in a two stage'precipitation.from dilute nitrlc ecid. The precipitate is
‘denae, easlly filtered and_washed, and can be qpantipatively converted to
ferric oxide by-careful ignition at 1000-1100°C to prevent Bpatteping. By

a single pfecipitafion 85 mg inon wAB separated'from_lo mg Al. By adﬂ;ng

a second precipitation iron vas separated-from as much as 100 mg Al, Separa-

tion wae not echieved from titanium, hafnium, zirconium, zlnc or copper.



Ferric cupferrate: A cold 6 percent agueous solution of cupferron_(the

ammonium salt of'N-nitroso-NQphenylhydroxylamine) is commonly used to preci-
pitate ferric iron from & dilute sﬁlfuric or hydrochlofic acld medium to
effect 1ta seﬁgration from aluminum, beryllium, chromlum, cobalt,.phoaphoruﬂ,
nickel, ﬁanganese, molybdenum, éopper, zinc, vﬁnadium, gelenium, telluriuﬁ,
boron and sexivalent uranium before otﬁer pfocedures are applied. This pre-
cipitant also gives qpaﬁtitative precipitation of iron in the preeence of
organic materiel and largé quantities of calcium and phosphate aﬁa is there-
fore useful for détermining iron in blological materiala(a). lead, silver,
mercury, bilsmuth, cerium, titanium,_iirconium, thorium and tungsten are inter- -
fering elements.  Cupferron cannot be used for the qpantifative preclipitation
of lees than milligram emounts of iron.. The ferric cﬁprerrate'precipiﬁate

is not sufficlently stable to be ﬁeighed_as such and it way contaln some pf
the preclpltant, but it can be converfed to ferric oxiﬂe'by waehing while on
the filter wilth hot ammonium hydroxide (this also dissolves the coppér cup~
ferrate that ﬁay have been carried and thus effects a separation from_;épﬁer)
or 1t can be directly ignlited to the oxide at 1000-1100°C 1f care is used in
_the early stages of ignition. Ferfic cupferrate 1s Qoluble in chloroform,
carbon tetrachloride, diéthyl ether and amyl aqetate;

Ferric salt of N-benzoylphenylhydroxylemine: N-benzoylphenylhydroxylamiﬁe3
' (9)

.has been suggested as an iron reagent similar tp but more stable thaq cupe~
. ferron. - The ferric sa}t of this reagent can be wéighed as euch after drying
.at 110°C, an adventage in enalyzing qmall quantiﬁies of 1ron by weight since
the salt welghs eabout nlpne times as much.as ferric oxide. This methbd is not
as selective es the cupferron wethod in separating iron from eluminum, chromium
and phosphete. Cobalt, cadmium,.léaq, wercury, manganesé, nickel, uranium -and
zlnc do not 1lnterfere. '
4. Complex Ioﬁs of Iron
Iron readlly forms a.lafge number of stable complex iona 1n bdth of 1te

common valence states. The tendency to form complex ions 1s particularly

étrong for the salte of iron with weak acid anions. Many iron compounds are

9



capable of forming complex ions by add;ng ammonie; thus ferroué aﬁd fefric
chlorides, In the dry.statg, both combine with six mo;ecules_bf ammonia.

These comﬁlexeg undergo decomposition in water, but the ferrous ammoniates

cén be crystallized from solutions containing high'concentrations of ﬁmmonium
salte by saturation with ammonig. :The cyanide complexes of iron are éspecially
numerous and many of them are so stable that the complex sﬁlts can be readily
obtalned pure although 1t is mot possible to isolate in the pure state the

uncomplexed salts from which they are formed.

Ferric sélts have a much stronger tendency to form complexes than the
ferrous salts. Some of the few férric salts which ere not complex are those
of strong acide such as perchloric, nitric, sulfuric and benzene-sulfonic.
Ferrous iron forms complexes with alcohols, esters, diketones - and aldehydes.
Ferric iron forme eimllar cowplexes more reedily and also forms complexes with
ethers and phenols. Many of the resulting complexes with tﬁe organic compounds
ﬁre colored and some of these colored compounds are useful in analysis. BSince
these complexes aré often more stablé in solution than the ammonia complexes,
thelr presence inhibits the precipltation of iroﬁ as the hydroxide usilng

. ammonium hydroxide.

Irving anﬁ Williams(lorll) found that for divglént ions of the first
transition metal series the order of'ﬁtability of predominantlj covalent com-
plexes 18 Zn > Cu »Ni »Co)» Fe DMn mrmwlwmm.cﬂﬂnndkRMMua
found a correlation between the stability of the ckeletes and the second ioni-
" zation potentials for many metals in this series, Mellor and Maley(l3’;u)

have polnted out that the stability of complexes of bivalent ions follows the
order PA>Cu>Ni>Pb>Co>2n>Cd>Fe > Ma> Mg mrmwlumu,mdmﬂaé
a first épproximation the stability seemed to décréase with increasing basicity
of the metal. Although these fvo serles are not in complete agreement,the&.
show that the ferroug compléxes are one of the least stable of this group of
metals, a'propefty made use of in many of the analyticel separetions methods.

Tables of the stebility constants for metal complexes with organic ligands(li)

10



have been compiled from publications prilor to Jamuary 1, 1956 and for inorganic
1igands(16) prior to July 1957. .

No attempt will be madg to review the extenelve but unsummarized litera-
ture pertaining to the complex ions of lron, but rather mentlon will be made
of some of those complex ions of particylar Interest to the radiochemist in
precipitation, solvent extraction and ion exchange applicetions.

Ferrous iron forme complexes with fluoride and chloride but not with
bromide or iodide. The fluorides have the formulas, M(FeF3) and ME(Fth).

The presence of fluoride lom in acld solutions of ferrous iron tende to 1n-
cresge the air oxidation of the iron, Three types of complex ferrous chlorides
are known with the formulas, M(FeCl3), M2(Fe01h) and Nh(FeClG). Ferric iron
forms complexes with flubride, chloride and bromide with the stebllity decreas-
ing in that order.. No complex iodides are formed. The fluoride complexes of
ferric ion have the formules, M(FeF)), ME(FeF5) and M3(FeF6). The ferric
chloride complexes have the fofmulas, M(FeCly,), MQ(FeCl5), Ma(FeCIS) and
Mh(FeCl7). In hydrochloric acid solution an equllibrium exiets between the
ferric chloroenions present. At least one of these acids cen be solvated by
ethyl ether or lospropyl ether, which makes possible the solvent extraction of
the solvated HFeCl), from concentrated hydrochloric acid eclutione into these
ethers, Ketones extract chloroferric acid more effectively then do £he ethers,
Most of the lon-exchange separations of iron are based on the differential
exchange adsorption of these chloroanions on arnlon exchange resims.

Fluoride and pyrophosphate, and to a somewhat less extent metaphosphate,
oxalate, tartrate and citrate, form such stable complexes with ferric lon that
it 1s impossible to use many other complexing agents in the presence of these
ione in acid media. Such 8trong complexes do not form with ferrous iron.

The interferemce from the pyro- and wetaphosphate complexes can be reduced
by adding alumlnum nitrate(l7).
5. Chelate Compounds of Iron
Both ferrous and ferric iron readily form chelate compounds, many of which

are important in the analytical and radiochemistry of iron. The stabllity
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constante of some of these chelate complexes are given in Table III. In

other sectlons of thie report the use of chelating agents in grﬁv;metric

analysis, solvent extractlon and various chromatographic separatlons is dls-

cussed. In these methodse use 1s made of the melectivlity resulting from the

large dependence of the stability constent of a glven metal complex on the

wetal lon, and on the structure and arrangement of the functional groups on

the chelating agent. Another property of many of the chelating agents whick

TABIE III
Stabllity Constants for Bome Chelate of Iron

Chelating Agent Iron gtability Tewp Ionic
Ton onstant o¢ Strength Reference
(log K) (M)

Oxalic acid Fe'2 b7 18 0 a
Oxalic acid ret3 9. -- 0 b
Tertaric ecid Fe*3 18.067 -- -- c
2,2'-diaminodiethylemine Fe™2 6.23 30 1 a
Ethylenediamine Fe'e 4,28 30 1 e
Glycine Fe'2 4.3 20 0.01 t
Cysteine Fe*? 6.2 25 0.01 g
Acetylacetone Fe+2 5.07 30 0 h
Aceéylacetone Fe*3 1.4 25 0 i
Glutamic acid Fe'? b6 20 0.01 h
Citric acid re'3  25.0 ol 0.1 3
Bthylenediamine-NN- +2

diacetic acid Fe 9.81 20 0.1 k
Ethylenediamine-NN- +3 :

diacetic acid Fe 16.92 20 0.1 1
o-Hydroxyacetophenone Fe*3 10.52 25 3 n
8-Hydroxyquinoline Fe+2 8.0 20 0.01 n
8-Hydroxyquinoline re™3 b2 25 0 °
Thenoyltrifluorcacetone Fet3 6.9 25 0.1 p
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TABLE III (CONTINUED)

Chelating Agent :I[:;zn gx:ifn:y Tgtgp Bi:':iz;th Reference
(10g k) (M)

2,21 -Dipyridyl . pet? 4.36 25 0 a

EDTA Fet? 12 20 0.1 r

EDTA | ret3  25.7 25 1 8

1,10-Phenanthroline Fe™®  L4.96 25 0.625 HyS0, t

R. W. Money end C. W. Davies, Trans. Fared. Soc., 28, 609 (1932).
J. lembling, Bull. Soc. Chim. France, 495 (1949).
V. F. To.ropova, J. Gen. Chem. U,S,8.R., 15, 603 (1945).

«» B, Jonassen, G. G. Hurst, R. B. LaBlanc and A, W. Melbohm, J. Phys. Chem.,
§§, 16 (1952).

J. Bjerrum, "Metal-Amine Formation", P. Haase and Son, Copenhagen (1941).
A. Albert, Rev. Pure Appl. Chem., 1 (2), 51 (1951).

A. Albert, Biochem. J., 50, 690 (1952).

R. M. Izatt, W. C. Fernelius and B. P. Block, J. Phys. Chem., 59, 80 (1955).
J. Badoz-lawbling, Ann. Chim. (France), 8, 586 (1953).

R. C. Warner and I. Weber, J. Am. Chem. Soc., 75, 5086 (1953).

Schwarzenbach, G. Anderegg, W. Schneider and H. Seon, Helv. Chim. Acta,
38 1147 (1955).

G. Anderegg and G. Schwarzenbach, Helv. Chiw. Acta, 38, 1940 (1955).
A: Rgren, Acta Chem. Scand., 9, 39 (1955).

A. Albvert, Bilochem. J., 34, 646 (1953).

E. B. Sandell and D. C. Spindler, J. Am. Chem. Soc., 71, 3806 (1949).

A. E. Martell and M. Calvin, "Cheumistry of the Metal Chelate Compounds",
P 555 Prentice-Hall Inc., New York (1953).

P. Krumholz, J. Am. Chem. Soc., 71, 3654 (1945).
G. Schwarzenbach and E, Freitag, Helv. Chim. Acta, 3%, 1503 (1951).
I. M. Kolthoff and C. Auerbach, J. Am. Chem. Soc., Tk, 1452 (1952).

I. M. Kolthoff, D. L. Leussing and T. S. Lee, J. Am. Chem. Soc., T2,

2173 (1948).

13



is of value in analytical chemistry le the characterietic color obtained when
the metal chelate is formed. Thus, for trece smounts of iron (less them 1
percent) colorimetric methods utilizing chelating agents and ferrous irom are
generally used. The most common of these are the 2,2'-bipyridy1(la) and the
l,lo-phenanthroline(l9) methods which cen be used for determlnations of ironm
at concentrations es low &s O.1 ppm. For iron below this velue some other
colorimetric reagents such as 4,7-diphenyl-l, 10-phenmanthroline (bgthophenan-
throline) and 2,4,6-tripyridyl-s-triazine are avallable for the determination
of iron down to the few parts per billion range(ao).

Both ferrous and ferric iron form chelate complexes with o#alate and far-
trate which are important in determinations of iron. The ferrous oxalate
complexes have the formula MeFe(Czoh)e and are less stable than the ferrilc
oxelate complexes. Ferric.ion forme dioxalate complexes, MFe(C,0y)5, and
trioxelate complexes, M3Fe(020h)3, the latter of wﬁicn i8 more Btable. The
tendency to form these complexes is soc great that calcium oxalate wlll diesolve -
in ferric chloride aolution; Couplex salts with fartrate(zl) aﬁd cltrate ioms
are also formed, An example of the application of these. compounds is the ﬁée
of citrate ion with biological samples to complex iron and keep 1t frﬁm precipi-~
teting with the aluminum phospbate(ze).

6. Bolvent Extraction

' Bolvent extraction 1s widely studled and applied in the radiochemistry
of iron as well as in conventional iron analysie. Many solvents, complexing
agents, and chelating agents are impprtant.

Extraction of Iron Chloro- and Bromo-compiexea: The extractlon of ferric

iron from_hydrochloric acld solutions by organic.solventa has been extensively
studied since Rothe(23) discovered the extractabllity of iron from strong
hydrochloric aclid solutions into ethyl ether. Ether extraction methods are
well sulted to large quantitles of iromn but are not so well sulted for trace
quentities since the extraction coefficlent 18 greater at high iron concen=-

(2k)

trations., Irvine 1s reported ‘to have found that radiolron extractlon by
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ethyl ether from hydrochloric acid solutions in the range of 10-3 to 10'l M
ferric iron lncreases with increasing ;ron concentration and below lO'h M
iron the dietributlon ratio becomes const#nt. The amount of irom extracted
also dependé on the acild conéentration end passes through a maximm at 6 il
HCl. 1Isopropyl ether provides a more quantitative extraction than does ethyl
ether, and 1s less sensitive to acld concentratlon at ite maximum(25).' Iron
1s best extracted with isopropyl ether from ; solution 7.5 - B.O.E in hydro-
.cﬁloric acid. With a solution containing 1 mg iron, 96 percent extraction is
obtained with isopropyl ether compared to 80 percent with ethyl ether. Ferric
" iron is extracted from hydrochloric acld solutlons by organic eolvents as
solvated (H+F301£)n. With isopropyl ether n varies from 2 to 4 depending on
the iron concentration(26'27). Ferrous iron 18 not extracted by ethyl ether
from 6 E HC1 wﬁefe 99 fercent ferric iron is extramcted. _Ether extracfion
from 6 ¥ EC1 soluéion provides éatisfactory separation of Fe from Cu, Co,
Mn, Ni, Al,.Cr, Zn, V(IV), Ti end sulfate, but not from V(V), Sb(V), Ga(III),
Te(III), Mo and phosphate. In some cases two ethereal layers are formed

above the aguecus layer complicating the extraction.

The efficlency of extraction of iron 1s reduced by replacing the hydro-
chloric acid with hydrobromic acid end the acid concentration for waximum

(28). A maximum of about 73 percent is extracted with

extraction is lowered
ethyl ether at a concentration of 4.7 N HBr compared with about 99 percent
from 6 N HC1 with ethyl ether(25) and 99.8 percent from 7.5 N HC1 with isopropyl

(26,29)

ether Bock and Bock(ao) found that only 0.1 percent gf ferric ircan 1e

" extracted by ether from 8 N nitric acid solutions at room temperdature.

Esters and ketones have mlso been used as extractants for ferric irom
frpﬁ hydrochloric ecid solutlionse, Amyl acetate 1s reported(3l) to effect a
separation of ferric iron from molybdenum and tin, but not from vanedium.
.Ketonea extract éhlorofefric acld more effectively than do ethers or esters.
The extraction coefficlent of dilute ferric iron betweén isobutyl methyl ketone

end 5.5 - 7 K EC1 1s 1000¢32),
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Thiocyanate extractlon: Ferric lron forms red thiocyznate complexes

which are extenslvely used for colorimetric analysis. In the presence of
excess thlocyanate,the iron thiocyanate complex can be extracted into alcohols,
athers and esters, This system has been studied by Fischer and Bock(33) who
report that 52 percent of the iron thlocyenate can be extracted from 0.5 K

HCl with ethyl ether. The extraction into tributylphosphate at a pH greater
than 1 1s reported to provide a separation from Mo, Sb, U and Sn(3l). This
extraction i1es the basis for Procedure 13, Sectlon VII of this report.

Diketone extraction: The 1:3 diketones are important ln solvent extrac-

tion of irom because of their selectlvity end thelr ready solubility in organic
solvents. The simplest and one of the most studied of these 1s acetylacetone(3h’35).
Acetylacetonates of most metals ere more soluble in.organic solvents than other
chelates used in analysis and this makea.it possible to handle relatively large
amounts of iron. It 1s also very effective for trace quantitiee ae 13 1llus-
trated by the work of Kenny et al(36) in which radioiron acetylacetonate was
quantitatively extraﬁted from neutron irradiated cobalt with xylene at pH L-7
in less than spectrographic limits to give carrler-free Fe59. In eddition to
xylene, carbon tetrachloride(37) and chloroform(38) are used. Cu, Mp, Mo, Ti,
V, Zr, Be and Ga also extract under some conditlons.
A number of substituted acetylacetonates have been studled, from which

Reid and Calvin(39) selected 2-thenoyltrifluoroacetone (TTA) as having the
most sultable charagteristics of solvent stabllity, increased ecid strength
in the enol form, a.mi stability towerd oxidizing, reducing and hydrolyzing
conditions. The extraction coefiicient for fe;ric iron in a TTA-benzene system
i:m.s béen shown to be »1(‘+°) which is. larger than for most 'trivalen.'b. metal

ione (e.g. Al, Sc, Y, 1a, Ac, Bi. Ti(III) and Am(III)) and orders of magni-
fude larger for all the ione noted except Sc(hl). This makes wany separations
poesible by appropriate adjustment of pH. A study of the extrection of iron
with TTA es a function of pH wae reported by Cefola and Miccioli(ha). TTA
extractlon curvee are reported bySheperd and Mainke(u3)L TTA permits extfac-

tion of iron at lower pH than acetylacetone, but the equilibrium is attained
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very slowly. The rate may be "increased by increasing the TTA concentration

or ralsing the pH. A summary of these .fa.ctors is glven bj Hoore(m"). An
ilwportant property of metel-TTA chelate compounds for use in rgdioigg{ope
assay procedures is the eas.e with which they can be destrojed bj heat on count-
ing dishes, leaving no charred orgenic residue to complicate the counting.-
Procedures 1 and 2, Section VII of this report both use TTA extraction as a

separations method.

Cupferron Extraction

Cupferron is nof only an important selective precipitant for metals, but
i1e also an effective agent for solvent extraction. Its use in extraction
anelysis was reviewed by Furman et al(h5) whose theory was tested for ferrlc
cupferraete by Sandell and Cumings(%). Cupferron extraction has been especielly
useful for sa.mples. contalning organic material and large _q;uantities of calcium
and phosphate(a) . Chloroform ie generally used as the aolvent(hs' 47’ 18) , but
ether(l"g) ; & mixture of ether and benzene(jo), ethyl acetate(5l) and other
solvents are used. Cupferron extraction from 1 R mipneral acld will rewmove
not only irom, but Ga, Sb(III), TL(IV), 8a(IV), Zr, V(V), U(IV), Mo(VI) end
aometimes Cu( 31). The extfa.ction 1s quantitative from either hydrochloric

or sulfuric acid solutions and is applicable to both wicro and macro amounts.

Other Reagents ' .
Some very sensitive iron reagents have been studied recently('zo) whose

use with iron radloisotopes has not yet been reported. The ferrous derivatives
of these reagents have high solubility in orgenic solvents and are especially
suitable for trace quantitles which wmay make théae reagents useful in ironl
radiolsotope a.ssa&; Bathophenanthroline-iron chelates are usually extractec .
by isocamyl alcohol or n~hexyl alcohol from solutions at pH |,. Nitro-benzene
15.u.sed for the tripyridyl-é-triazine-ferrous chelates from solutlions at a

pH of about 4 and perchlorate or iodlde ions must be present. Isocamyl alcohol
or chloroform ig used for extracting the phenyl-2-gyridyl ketoxime-ferrous

compound from 1 M sodium hydroxide solution.
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Some other systems studied are the extraction of the citrate and tar-
irate-ferric iron complexes with tri-n-butyl amine(52), the extraction of
the ferric 8-hydroxyquinolate with chloroform from acetic acld-acetate solu-
tion(36'38),.the extraction of ferrdus iron at & pH of B8-9 with a chlorpfofm

(54)

solution of 1sonitrosoacetophenone(53), extraction with various polyethers 3
and with tri-n-butyl phosphate(55).
7. Chromatographic Behavior of Iron
The chromatographic behavior or irun has been extensively studied and
practical anion exchange, cation exchange and paper chromatographic proceduies
have been developed. Most of these have been applied to redioactive iromn isaf

topes, especially in carrier-free separations for which these procedures are.

well suited.
Anion Exchange

_ Moore and Kraua(56) found that ferric iron 1s strongly adsorbed into ﬁniﬁn
exchangers from relatively.concentrated hydrochloric ecid solutions As the
negatively charged chloro-comﬁlex. This property allows it to be easlly
séparated_from elements such as the alkali and alkaline earth metals which
do not form such complexes. Aluminum, chromium and the rare earths are practi-
cally not adsorbed under these conditione and effective separatione can be
obtalned. Marcus(57) studled the effect of various concentrat;ons of iron
(as low as 10~3 M), chloride and hydrogen (from 1-12 M) ions and obtained the
stepwise formation contants. The exchange was independent of the iron concen~
tration. Gruverman and Kruger(58) and Kraus and Moore(59).give procedures for
separating iron and manganese using anidn exchange. The lons are edsorbed onto
Dowex 1 from concentrated hydrochloric acid solution, Mn is eluted with 4 N
EC1 end Fe is eluted with 0.5 N HCl. Anlon exéhange also has been used to
separate Fe and 00(60) and to determine Fi, Mn, Co and Fe in high temﬁerature
alloys(sl). Kakihena and Khjima(62) developed a procedure for separatiﬁg
iron and aluminuﬁ on an anion exchange columm in which the iron is reduced
to fhe ferrous state for elutlion. Studles of the adsorption of ebout 60

(63)

elements onto Dowex 1x10 reein from nitric acid solutions have been reported
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and the optimum mcid concentration for separation of Fe end Pu glven as 8-12 N.
Teicher and Gordon(sh) separated iron and aluminum by retaining the _ﬁ-on on an
anion exchahge:-aa a thiocyanate complex _'while the aluminum wes washed out.
Procedure 3, Section VII of this mpoﬁ wakes use of anlon exchange.
Cation Exchange

Cation exchangers are used in iron separations :_I.n which some metal.ioms
in solution are complexed and paass freely through the columu while the uncom-
plexed lons are retained on the column. Selectiﬁ'ity is achieved by proper
"choice_ of complexing agent, and proper cholce and control of the pH of the
solution. Fritz end un‘breit(65) used ethylene diamlnetetraamcetic acid I(EDTA)
‘end found no exchange of iron in the pH range from 0.6 up to at lea.s'.b 4. 0.
Ryebchikov and Oaipova(ss) used varlous complexlng agents to separate Mg, A1,
Cr, Mp-, Fe, Ni and Cu with rhodanide used to accowplish the final compexation
. of chromium end effect its separation from iron. From a perchlorate solution
of iron,- titanium, zircoﬁium and bhafnlum the latter three_: metals are adsorbed
onto the anioﬁ exchange resip while iron passes rreely through to effect a

(67) (68)

separation . Fritz and Karraker report catlion 'exchange group separa-

tione procedures using 'éthylenediamonium perchlorate solutions as eluants.’
Iron is separated with the divalent lons since ferric iron may be reduced on
the columm under this éo.nditicns.' Good separation of iron from bismuth, thorium
and zirconilum is obtained. .

Kraus, Michelson and Helson(69) have observed a strong adsorption of
the néga.tively cha.rgéd ferric chloride complex by & cation exchange resin
(Dowex 50) from concentrated chloride salt solutionsl. Tﬁe distribution
co_efficient wes greater than 10l+ for trace amounts. 'Baéy seperated ferric
iron from 2 ¥ 2nCly solution contalning excess hydrochloric acld, but the

ferric 1ron concentration had to be less than 10"* M or breakthrough occurred.

. Paper Chrometogrephy

-Although paper chromatography has not been used extenslvely for radio-
chemical separations, it hae been widely studied and applied to many con-

ventionsl separations problems, some of the results of which would equally
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benefit radiochemical studies. Iederer and Iederer(7°) and Block, Durrum
and Zweig(7l) hgve reviewed the application of paper chromatography to the
study of inorganic lomns. As in the case bf ion exchange, selective separa-
tion is usually obtained by proper choice of complexing agent, pH and elut-
ing egent, with a wider selectlon of eluting agents being generally availaeble
in paper chromatography. In some cases plain paper is used, in other cases
the paper is pretreated with other adsorbing, ion exchenge or complexing .

060 cen be separated by paper chromatography using en

agents. Fe?> and c
acetone-HCl -water (90:5:5) solvent with which the iron. wes eluted providing

8 carrier-free separation from the cobalt{ ™), Warren and Fink(73) nave
-studied 17 cetions with 10 developing solutions to obtain Ry values end enable
conditions for paper chromatographic separation to be determined. Both chlo;
ride and tartrate complexes were usedlfor complexing the iron. Ferrous and
ferric iron were found to be seﬁarable by this technique. Other procedures
heve been reported for separating ferrous and ferric iron as acetates with
n-butanol-ethenol-acetic acid and water (ﬁ0:25:25:35) as solvent(7h), es

chloride compiexes with sther-methanol-HCl-weter as solvent(75)

, end as chlo-
ride complexes with butanol-12 N HC1 (85:15) as solvent(76). Cu and Fe in
the form of theilr benzoylecetone complexes can be completely separated on
paper(77). The use of thenoyltrifluorcacetone complexes allows the separa-
tion of Fe(III), Co(II) and Ni(II); and Fe(III), Ni(II) and Mn(II) on plein
peper using benzene-methanol (95:5) solvent, and thé separation of Fe(III),
Ni(II) and Mn(II) on elumina impregnated paper using methenol-benzene-acetic

ecid (10:88:2) solvent(78).

8. Electrochemical Behavior of Iron
Electroanalytical methods are widely used for the determlnation of lron.
These methods are reviewed by Lingane(79). Some of these techniques are of
interest in the radiochemistry of lron, particularly separatlions by electro-
deposltion into a mercury cethode and electroplating onto metal disks for

counting purposes.
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Iron was one of fhe firet metals deposited on & mercury cathode(eo) and
thle technique is probebly the most common aﬁplication of the meréury cathode.
The deposlitlon is quantitative for iron but is not very selective. A recent
study by Bock and Hackstein(al) included electrodeposition of some 20 elements
frow a sulfuric acld solution &nd measured the interferences from these ele-
ments. A rapid separation of irom from Al, Ti, Zr, P,_V and U 1s obtalned
by deposition of the iron in a mercury cathode from 1 gﬁHQSOh.solution(az).
Because of the diffliculty in removing the iron quantitatively from the mer-
cury and the difficulties associated with countlng the radlolsotopes of iron
in a mercury medium, thie technique is of greatest use for removing iron radio-
isotopes from solutlon prior to other analyses, but not so useful es an analyti-
cal wethod for the lron radiolsotopes. Some practical applicatlions of this
to uranium solutions are gifen by Casto(§3).

Electrodeposition of irom has been.used for the preparation of radioiron
sources for gravimetric enalysis and for radioassay. Hahn(ah) and Atch;son
and Beamer(85) plated iron onto brass from an alkaline solution of ascorbic
acid, ammonium hydroxide and sodium citrate. Peterson(al) electroplated iron
onto copper digke from an ammonium cxalate=hydrochloric acid sclution of ini-
tial pH of b anﬁ final pH of 8. Peacock et al(aG) and Maletskos and Irvine(87)
electroplated from an ammonium oxmlate-sulfuric acld solution of initial pH
of 4 and final pH of 7. In the laat study referenced,it was found that
thiocyanate, phosphate and calcium lone must be absent for quantitatlive elec-
troplating of iron.

V. DISSOLUTIOR OF SPECIAL IRON CONTAINING MATERIAIS

In general, standerd procedures for bringing iron containing samples into
solutlion can alsq be used for radioanalyticael seample preparation since they
all result in iron's presence 1ln the ferrous or ferric form,and no difficulty
is ‘encountered in getting the inert carrier iron and the radloactive iron in
the same chemical form. The standard diéso;ution procedures are given in Bnell
and 8ne11(88), gande11(3V) ana Hillebrand and Lunde11(89). Dissclution metnods

for uranium and ite compounds for iron deterwinations are given by Bene and
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Grimes(9 0) . It ie uauﬁ].‘l.y deslrable in radiochemical work to dissolve the
sample completely rather than to rely on leaching of a residue. In eome

cases this fequires a fusion. In fusions 1n platinum, particulerly at high
temperatures and under reducing conditions, iron can be lost to the platinum
cruclble. Not only does this loss affect the current eample, but since the
iron later may be released in other fusions 1t affects subsequent analyses.

This difficulty 1s avolded in those samples where wet dlgestion 1s not suffi-
cilent by heating no higher than "(0060 end in an oxidizing atmosphere. Snell(gl)
suggested the use of a silver crucible and a flux comnsisting of equal awounts
of sodium carbonate and sodium borate.

Many sample preparatlon methode have been used for iron da.termimtions in
organic and biological samples. These methods were reviewed by Gorauch(ge),
and eight representative methods for trace elements 1n biological material
were aéseased using radioactive tracers for 14 elements, including iron. Ee
found that wet oxldation of orgenic wmaterisl with nitric and perchloric acids
was the most satisfactory for all the elements studied, with the exception of
mercury. No clear cut recommendation was made on dry oxidations, but use of
a low-temperature of 500-550°C seemed to be most favorable, with some loas of

iron reported at higher tewperatures.

VI, COUNTIRG TECHNIQUES FOR IRON NUCLIDES

9 and Fe6l emit pegatrons with

li'e.52 and Fe53 enlt posltrons, and Fe
sufficient energy to allow accurate assay by the usual techniques of beta
counting. The energy of the Fe6° beta radiation hae not yet been determined.
Fe52 and Fe53 decay into the radicactive manganese daughters, Mn5 2 (21.3 m)
and Mn?3 (~1.hx102 Y. MnI2 decays by emitting 2.63 Mev positronsand two gamna
rays of 1.45 and 0.39 Mev which must be consldered in counting tﬁe Fe 2,
Because of the short helf-life of the Mn52 daughter, it is probably best to
allow 1t to builld into equilibrium (1-1/2 tc 2 hours) before radioassay of "
the Fe52. Because Mn53 decays by electron capture and has such a long half.

53 60 60m and

life, it need not be considered in counting Fe”~. Fe  decays to Co
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can be determined by chemicelly isolating the 0060“ and countling the posltrons
(0.28 percent of the transitions) or the 59 kev Uray§(93).

Fe52

B Fe53, Fe59 and Fe61_can be_radioassayed by gamma counting, but in

the ceses of Fe52 and Fe53 thg uncertainties in the decay schemes would not
allow absolute determinations. Since Fe52 and Fe53 decay by positron emission,
they can be radioassayed.by regular or colncldence gamme counting techniques
on their annihiletion rediations.

Fe55 and Fe59 are the iron nuclides measured in neutron activation studies
and are the iron isotopes most used for tracer studies. F359 is perhaps most
commonly used as an iron tracer because 1t can be readily assayed by beta or
gamma counting. Fe?9 end 0060 are often found together in solutions to be
enalyzed and present en upnusual problem in gamma counting, since the 1.098
end 1.289 Mev gamme rays from Fe59 end the 1.173 and 1.333 Mev gamma rays
from C06° present interfering spectra on gamma scintillatlon counting. This
problem can be resolved by colncidence technlques, since the 0060 gamma raysa
are emitted in cascade and can be colncidence counted while those from Fe59
ere not in cascade(gh).

Fe55 ie & pure electron capture lsotope emltting X-radiation with a
uaximuﬁ energy of 5.6 kev which is usually counted by thin window (or win-
dowless) -proportional counters or tﬁin cryetel scintillation counters(86’95'96).
‘The ratio of Auger electroms to K X-rays is 3:1(97). If windowless counters
are uaed,'the Auger electrons are counted with good efficiency making the
overall efficiency for Fe55 counting as high as 47 pefcent in a 4x proportiomal
.counter(ge); The longer half-life end softer radiation of Ped? glve 1t a
definite.adnantage over'Fe59 in blological work, and in some cases edventages

are obtelned by using the two nuclides tbgether in dual tracer experiments(86’99).

(86)

For counting mixtures of Fe?? and Fe59, Péacock et al have devised a method

of discriminating against either nuclide by employing G.M. tubes of different

characteristics. Fe59 can be preferentlially detecfed by means of a helium-
filled tube with a thin mica window. An argon-filled tube with a beryllium

window serves as & detector that 1s mweinly sensitive to Fe55. Rediske et 51(99)
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use a proportionael counter to obtain the total Fe)? plus Fe59 count, then they
count through a 0.63 mg per 8q cm rubber hydrochloride absorber which reduces

29 count to 66 percent.

the Fe5b count to 1.5 percent while.only reducling the Fe
From these date the amounts of both nuclides were determined. Stewart and
Rossi(96) reduce the Fe59 count to 3 percent by means of & magnetic fileld,
without effecting the Fe55 counting rate, &8s & means of determining the two

miclides in mixtures.

VII. COLLECTION OF DETATLED RADIOCHEMICAL PROCEDURES FOR IRON
PROCEDURE 1

8Source: F. L. Moore, W. D, Fairman, J. G. Ganchoff and John G. Surak, Anal.
Chem. 31, 1148 (1959). :

Sample Type: Homogeneous reactor solution.

Adventages: Excellent decontamination from a wlde variety of radioisotopes.
May be adapted to remote control operation.

Yields: 70-80 percent.

Procedure:

1. Place sample in 50 ml Lusterold tube. Add 20 mg ferric iron carriler.
Stir well and precipitate ferric hydroxide by adding excess concentra-
ted emmonium hydroxide., Centrifuge for 1 minute in & clinical centri-
fuge and discard the supernatant solution.

2. Wash precipitate by stirring with 15 wl of 1 M ammonium hydroxide. Cen-
trifuge for 1 minute and discard the supermatant solution.

3. Dissolve the ferric hydroxide in 3 wl of concentrated nitric mcid. Add
10 ml of 10 M nitric acid and 1.3 ml of hydrogen peroxide (30 to 35 peré
cent). Mix well.

4. Add 15 wl of 0.5 M 2-thenoyltrifluoroacetone-xylene, and extracf for 5
winutes. Centrifuge for 1 minute and carefully remove the aqueous phase
with a transfer pipet attached by rubber tubing to & vacuum trap.

5. Wesh sides of the tube with several millliliters of distilled water from
e wash bottle. Centrifuge for one minute and withdraw aqueous wash solu-

tion.
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10.

PROCEDURE 1 (CONTINUED)
Transfer the organic phase tp & clean tube and perform 1 miﬁute scfubs
with 15 ml portions of the following solutions. After eaﬁh wash, cen-
trifuge for 1 miqute, withdraw the aqueous wesh solution, and vash the
sldes of the tube with several milliliters of distilled water.
a. Four E nitric acld - 3 percent hydrogen peroxide. Perform two ascrubs
and transfer the organic phase to & clean tube after the second scrub.
b. 0.25 M hydrofluroic acid - 0.25 M nitric acld. Perform four ecrubs
and transfer the organic phase to a clean tube after second and
fourth scrubs. .
Add 5 ml of concentrated hydrochloric acld sclution and mix thoroughly
until the organic phase 18 essentlally decolorized. Centrifuge for 1
minute and remove most of the organic phase with mild suction.
Wash Bides of the tube with several milliliters of xylene from a wash
bottle and centrifuge for 1 winute. Withdraw organic phase.
‘Precipitate ferric hydroxide by the addition of excese concentrated
ammonium hydroxide. Filter, transfer precipitate to a porcelein cruclble
and ignite at 700°C for 30 minutes. Tranefer to a tared aluminum foll
and weigh.

Fold foll and place in tube for gamma spectrometric analysis.

PROCEDURE 2

Source: R. W. Perkins, accepted for publication im Talanta (1960).

. Sample Type: Reector coolant water contalning activated process water chemi-

cals, activated corrosion products, and fission products. Also
applicable to alumioum metal samples.

Adventages: Procedure designed to tske sdvantage of gamma spectrometry. High

yleld, short procedure.

Yield: About 90 percent.

Procedure:

1.

2.

Where necessary, dissolve sample in nliric acld or aqua regle. Add 3 ml
of perchloric acid &and evaporate to 1 ml.

Add 10 ml of concentrated nitric acid and heat to bolling.
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PROCEDURE 2 (CONTINUED)
3. Add 2 ml distilled water to bring the nitric acld concentration to 12 N

and extract with an equal volume of 0.45 M 2-thenoyltrifluoroacetone in
benzene by shaking for 15 minutees.
k., BSeparate end wash orgenic layer three times with equal volumes of 3 N

nitric acid, shaking for 5 minutes each time.
5. Plate organic layer on a one inch counting dish for gamma spectrometric

analysis.®

PROCEDURE 3
Source: A. L. Boni, Anel. Chem. 32, 599-604% (1960).
Sample Type: Water, vegetation, soll and blological materials containing
fission product and neutron acitivated radionuclides. (Cr,
Sr, RE, Cs, I, Ru, ZrNb, Np, Co, Fe, Zn)

Advantages: A sequentilel separation scheme based largely on anion egﬁhange
techniquee to achieve decontamination factors of about 107,

Yield: 99 bercent with a precision of t 2.5 percent at the 90 percent con-
fidence limit.

Procedure:

1. Obtaln sample in a 25 ml solution of 3 N hydrochloric acid - 0.1 N hydro-
fluoric acid., Water samples ﬁre evaporated to dryness and residue dis-
solved directly or following ecid digestion on\a hot plate (1néolub1e
residue filtered off and discarded). Soll samples are treated as water
sample residue. Vegetation and biologicel samples are asheéd in a muffle
furnace, then dissolved or leached with HC1-HF solutlon.

2, To sample in a 50 ml Erlenmeyer flask add 10 mg chromium carrier, 25 mg
ruthenium carrier and adjust volume to 35 ml with water. Add 1 ml of
a 0.2 grem per ml thiocacetamide solution and heat to 90-100°C until the
precipitate settles to the bottom and the supernate clears. (About 45

minutes)

* Perkins, R. W., Gamma-Ray Spectrometric Systems of Analysis, Proceedings
of the Second Internetlonal Conference on Peaceful Uses of Atomic Energy,
Geneva 1958, p/2377, Vol. 28 p 445, United Nations, Gemeva (1958).
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PROCEDURE 3 (CONTINUED)

3. Filter through HA Millipore filter and wesh with .2 N hydrochloric acid
- 0.08 N hydrofluoric acid solution. Finﬁll& wash with ethanol. (The
precipit#te contains the ruthenium and iodine which can be:datermined

: Ey _fu.;:'ther treatment. ) .

_ ﬁ. Evapﬁrate filtrate to dryness with éoncentratéd nitric acid to drive off
iodine. 'Take up sémﬁle in 20 wl concentrated hyﬂrbchloric acid and pass
tﬁrough a 0.9x13 cm column of Dowex 2x8, chloride form anion.exchange
resin Qnd wash wifh #O.ml concentrated hydrochloric acid. (Effluents
contain Cr, 8r, RE and Cs.)

5. .Elute Zr-Nb, Ru and Co from the reuin with the addition of 40 ml of
6.0 K hydrochloric aci - 0.5 N hydroflyoric acid solution.

6. Elute irom from the columm with 30 ml 0.5 R hydrochloric acid. (Zinc_
remaine on the column and may be eluted with 0.005 E'hydrocbloric acid.)

7. Evaporate iron effluent to 2 ml and place in vial for wall—cr&stal scin-

tillatlon counting.

PROCEDURE 4

Source: F. G. Lowman, R, F. Palumbo and D. J. South, U.S.A.E.C. Report No.
UWFL-51. June 21, 1957.

Sample Type: Plant and anihal tisauea containing radiocisotopees from boub
debris.

Advantages: = Ion exchange separation techniqued together with gamma spectro-
metry provide eimple analytical methode for Fe 5 and Fe and
other components in e complex mixture of radioisotopes.

Yield: Quantitative

Procedure:

1. Dry and dr& ashed samples weighing 0.1-2.5 g were wet ashed using diffgr-
ent treatment depending on the sample type. Clam kidneys were digested
in 0.2 N hydrochloric acid. Fish livers were digested in adna regia or
concentrated perchloric and nitric acid mixtures, Soil was ashed in

concentrated hydrochloric acid. The samples were than evaporated to
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PROCEDURE 4 (CONTINUED)

dryness and redis'g'olved in 0.1-0.2 N hydrochloric acid. Thke sample vas

filtered and an al_iquot used _for radioaasas'. . _ | .
2. Pass solution through a 6x100 mm ion exchaﬁge_colunm (Dowex-50, pre-

wvashed with 3.coiumﬁ volumes of O.1 N hydroéhloric acid) at a rate of

0.2-0.5 ml per minute. Wash colum with 20-60 ml hydrochloric acid of

same normelity as eample eolution. (This wash removed RulO6_ppl06 gng

Zr95-m)95.) . : _
3. _Elute iron.fraction (also remaining Zr95-Nb95) with 0.5 percent oxalic

acld solution. Determine Fe?? in methane gas £low counter and Fe?’

by
gammns spectrometry. -

"4, Citric acid solutiona of different pH are subSequently used to elute

" the rem?.:l.ning lisétopes, 05137, Celhu-PrIM,-ra.re ea.rl;.ha, Zn65,.Co6o,'

Mn5h and Srgo.

~ PROCEDURE 5

Source: w.EE. Hutchin, U.S.A.E. c Report No. UCRL-43T7, pp 20-21, August 1o
19

Sample Type: Nine-day old solufion of 4x10'3 fiseions with 107 b.toms Fe59.

Adva;nta.ges: Isolated Fe59 showed no evidence of contamination by other
radionuclid.ea a.fter three half lives. - .

' Yield: About 70 percent.

Procedure

.1. To the active solution add 10 mg Fe carrier and 1 to 2 ml saturated tar- '
taric acid solution, Make basic with NHuOE. ﬁatur_ate wvith H,8 and
céntr:l.fﬁge end discard eupernatant. Wash precipit.ate twice with a solu-
tion of dilute NH,OH sstursted with NE,NO.. '

2. Dissolve Fes in ebout 1/2 mq.llil_iter concentrated HCl. Boil to drive
off Ezﬂ.l.Addzéne drop HNO3. Boll to get rid of nitrate ion, sdding ;
mor; HC1l if necessary. Rediuce volume to 0.5 wl. Bring %olume to 4 ml

with cdncentreted HC1.

28



10.

PROCEDURE 5 (CONTINUED) _
Put on an anion column (Dovéx 1x8, 50-100 mesh) that has been washed
with concentrated HCl. Wesh with 4 ml of 12 M HC1, 4 ml 6 M HC1l. Elute

with 4 ml of 5 M BHC1l. (Anion column is 3 inches lomg by 1/4 inch 1.4.)
' +h

To the eluate add 5 mg cutt carrier, a drop of Sb+3, As".'3, Te  carriers.

] Add 0.5 M HC1 ﬁo bring volume to 20 ml. Saturate with HQS Centrifuge

and discard precipitate.

4dd 1-2 wl saturated tartaric acid solution, meke basic with NH),0F and
saturate with 1128 (.;.enti'ifuge and discard superﬁe.ta.nt. Wash precipi-
tate twice with NH)_‘OE-NE;LNO3 solution to preveﬁt‘ peptizatiqn. ) |
Dissolve precipitate in concentra.fed HC1. _Add a drop of coﬁcentra.ted

EN03 to complete solution. Boll to destroy IIN03 and reduce volume to

~l ml. Add 6 N HCL to bring 7volume to~15 ml and add Hg metal (0.5 ml).

Stir fof~5 minutes to reduée Fe;"3 to Fe+2. .E.xtract twice with equal
volumes of d_i'isopropyl -ether., Discard ether layers.

Pipet aqueouﬁ layer awvay from Eg and centrifuge off the remalning Eg
Add. 1 ml of saturated tartaric acid solution and make basic with NH),CH.
Pass in Hpd, centrifuge aﬁd discard superné.t&ﬁt. Wash precipitate twice
with NE,OH-FH,NO3 solution. o

Dissolve 1o about 1 ml concentrated HCl. Add two or three 'd.rops of con-

- centrated HN_O3 and boil to small volﬁne. Add more concentrated HCl and

"boil %o emall volume a.gain (0.5 ml). Bring volume to 15 ml with 8 M HC1

and extract twice with equal volumes of diisopropyl ether. Combine ether
layers and wash oﬁce with 8 M HC1. l _

Equ.ilibrate the coﬁbined ether layer w;l'th t.vo 10 ul p’ortioné of water.
Separate and discard ether.layer.'

Make the solution ammoniacal, ceptriﬁz.ge and d:l.sgard supernatant, Waseh

precipitate tuicg with acetone, stir moist precipitate while in hot ‘water

‘bath until dry and fipely divided. Ignite for 10 winutes in a porcelain

crucible over a Fisher burner. Cool eand weigh as F3203.
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PROCEDURE 6

Source: J. S.. Gilmore, U.S.A.E.C.. Report No. IA-1721, Sept. 10, 1954.

Sample Type: Iron radlolsotopes in flesion product solutions.

Advantages:. Combination of precipitations, extractions and electroplating

achlevee high order of decontamination neceseary for beta count- -
ing of Fed9, '

Yield: About 50 percent.

Procedure:

1.

To the semple in a 40 ml conical centrifuge tube, add 4,0 mwl of standard

Fe carrier. Mske the solution ammoniacal wifh concentrated NHHOH and edd

5 wl of (NH,),S solution. Centrifuge and diascard the supernate.

Dissolee the FeS5 precipitate in 3 to 4 drops of concentrated HC1 and boil
the solution to drive off HoS. Aad 10 ng each of Te(IV), Sn(II) and Sb(III)
carriers, end 20 ml of 0.2 M HC1l. Add 1 drop of 0.1 percent 6f Aerosol
solution end saturate with ﬁ25. ‘Filter into & cleen 40 ml centrifuge tube
and discard the precipitete.

To the filtrate add 1 to 2 ml of saturated tartaric acid and 5 ml of (Nﬂh)es

solution. Centrifuge and discard the Bupe:nafe.

Diesolve the precipitate in 3 to 4 drops of concentrated HCl and oxidize
ﬁhe ferrous ioms with 1 to 2 drops of concentrated ﬂNO3. Eveporate the
aelution to dryness; edd 3 to 4 drops of concentrated HCl, and egain
evaporate to dryness Tranefer the FeCl3 with the eld of 10 ml of 8 M
HC1 to a 125 ml separatory funnel Add 30 ml of isopropyl ether, shake
for 1 minute, and discard the aqueous phase. ' Add 10 ml of HyO to the .
ether phase and shake for 1 minpute,. Transfer'the aqueous phese to a
LO-m1 centrifuge tube and discard the ether layer.

To the agqueous phase add 1 ml of saturated tertaric acid and 5 ml of

'(NH) )5S eolution. Centrifuge and discard the supernate.

To the FeS precipitate add 3 to 4 drops of concentrated HC1 and boil to -
remove HoS.. Add 10.mg of Sb(III) carrier apnd 3 to 4 drops of 1liquid Bro.
Boll off excess Brp, and add 10 mg of TL(III) carrier and 10 mg of carrier

(NOTE 1). Make the solution up to a volume of 20 ml with 0.2 M HC1, add



10.

1l.

1l2.

13.

PROCEDURE 6 (CONTINUED)

1 drop of aeroeol solution, and saturate with HyS, Filter into a ho ml

‘centrifuge tube and discard the precipitate.

Repeat steps 3, 4 and 5.
Dissolve the FeS precipitate in 1 wl of concentrated HCl. Boil, add 1
ml of Te(IV) carrier and boil again (NOTE 2). Dilute the solution to
20 ml with 0,2 M HCl. Add 10 mg each of Bu(II) and Sb(III) carriers, 1
drop of aerosol solution, and saturate with HoS, Filter into & 40 ml
centrifuge tube and discard the precipitate.
Repeat steps 3, 4, 5 and 6.
Repeat steps 3 and k.
Filter the agueous layer into a clean 4O ml centrifuge tube and precipi-
tate Fe(OH)3 wilth concentrated ﬂﬂhdﬂ. Centrifuge and dlscard the super-
nate.
To the precipitate add 1 ml of NH\H,PO; reagent, 10 ml of (NHh)2003
reagent, and warm to dlssolve the Fe(OH)3. Transfer the solution to a
plating cell.
Plate on & 1 inch Pt disk for 1 hour at 2 amp and 70°C. Wash the plate
with Hy0 and with 95 percent ethanol. Dry in over at 100°C for 5 minutes,
cool, weigh and beta-count.

Notes
To promote exchange between radioentimony and cerrier, Sb(III) is first
oxidized to Bb(V) by Br, and the pentapositive antimony 15 then reduced
by iodide ion. In the nest operation HoS reducee T1(III) to T1(I) which
is then preclplteted as the lodide,
When the solution containing Te carrler is bolled with concentrated HC1,
any Te(VI) present i1s reduced to the +4 state. This operation promotes

exchange.
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PROCEDURE T

Source: W. A. Brookebank, Jr., U.S.A.E.C. Report No. ORNL-2226, pp 23-35,
Dec. 1956.

Semple Type: Iron impurity in aluminum metal. Fe59 isoleted and measured
following neuntron bombardment.

Advantages: F959 determined in presence of neutron activatlon isotopes of
Cu, Mn, Ni, Zn, Ti, Co, Ag, Zr and Sd.

Yield: 80 percent.

Procedure:

=

1. Allow ectivated sample to stand for ome week to allow decay of 15-hour Na

2. Treat 2-3 g eluminum eamples (containing milligram quentites of irom) in
50 ml centrifuge tubes with 3 ml of 19 M sodlum hydroxide. After 5 minutes
add 3 ml of distilled water. When dissolution haes ceased, heat tubes to
boiling and hold for 3 minutes. After solution has cooled to room tem-
perature, acidify with 12 M hydrochloric acid to obtein clear solution.

3. Add one milliliter (10 mg) iron carrier, and holdback carriers of yttrium,
copper(II), zinc, cobalt, atrontium and menganese(II).

4, Precipitate cép@er sulfide by pessing in H,9 and filter. Remove excess
sulfide fromw the filtrate by boiling with concentrated nitric acid and
bromine water.

5. Precipitate ferric hydroxide by adding 15 M aqueous ammonia, filter and
wash precipitate with ammonia.

6.. Diesolve precipitate in 1 M hydrochloric acid and reprecipitate with 8
M sodium hydroxide. Wash precipitate frée of sodium hydroxide.

7. Dissolve precipitate in 8 M hydrochlorlic acid and extract the acid solu-
tion once with an equal volume of lsopropyl ether.

8. B8trip iron from the organic phase with water and repeat steps 5 and 6.

9. 1Ignite precipitate for twenty minutes at T00°C.

10. Dissolve sample with 3 M nitric acid and add dilute hydrofluoric acid
to precipitate yttrium fluoride. Centrifuge and discard rare earth fluoride.
11. Reprecipitate ferric oxide, tramsfer to tubes for discriminatory gamma

counting.
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PROCEDURE 8

Source: J, R. Klein and P. Blanchi, Archives of Biochemistry and Biophysics

55, 157-161 (1955).

Sample Type: Animal tissues.

Advantages: Redloiron is quantitatively isolated from animal tissues for

beta or X-ray counting without requiring an electroplating step.

Yield: About 99 percent.

Procedure:

1.

Digest tlssue samples with sulfuric acid and hydrogen peroxlide and then

dilute to glve a final acid concentration of 6.5 N and total iron content
in a range sultable for colorimetric iron assey using dipyridyl. Deter-

mine total 1rom concentration.

Add carrier 1ron to diluted digest to make a total of 20 pM iron, adjust
volume to 50 ml with cold 6.5 K sulfuric acid and place in 125 ml separa-
tory funnel, the stopcock of which 1s lubricated with water.

Cool solution to below 10 and maintain at this temperature while per--
forming four succeasive cupferron-chloroform extractions, adding 0.06 g
cupferron in water aolution for each extraction and extrecting with 5.5,
3 and 2 ml of chloroform, collecting extracts in & 30 ml Kjeldahl flask,
Add 10 ml water, boil off chloroform, sdd 8 drope concentrated sulfuric
acid and 10 drop concentrated nitric acid and wet ash with'further addi-
tion of 10 Arope of mitric acid and sevéral additions of 1 drop esach of
30 percent hydrogen peroxide, Boll digest with 5 ml water to dissolve
any solid.

Transfer solution to a 12 ml comical centrifuge tube, add 10- drops con-
centrated NH),0H to precipitate ferric hydroxlde and centrifuge. Without
breaking up the precipitate, wash tube with 5 ml weter, drain, heat to
80-90°C to remove the major portion of the water in the precipitate.

Add 1 wl 0.16 N sulfuric acid and heat briefly at 50°C to effect solution
without excesslve evaporation.

Plate a 0.5 ml aliquot in a glass or stalnless steel sample holder coated

with sillicone stopcock grease, édd 1l drop of 1 percent Duponol solution,
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- PROCEDURE 8 (CONTINUED)

and then preclpltate the- lron by adding 1 drop of concenfrated RHMOH

solution. Evaporate to dryness and beta or X-ray count for Fe’? or Fe55.

PROCEDURE 9
Source: A. H.. Kenny, W. R. E. Maton and W. T. Spregg, Nature 165, 183 (1950).
Sample Type: Fe?? formed in cobalt by n,p reaction.
Adventages: Fe59 obtained carrler-free and with no other radloisotopes.
Yield: Quantitative,
Procedure:
1. Dissolve cobalt metal sponge in 3 N nitric acid. Add emmonia and ammonium
acetate to edjust pE to range of 4.0-7.0.
2. Add 1 drop acetylacetone and extract with xylene. Beparate organic phase,
3. Wash organic phase with water and evaporate to drynese. Destroy any
charred residue by fuming wlth perchloric acid.

4, Take up residue in dilute hydrochloric acid.

PROCEDURE 10

Source: J. D, Gile, W. M. Garrison, J. G. Hewilton, U.8.A.E.C. Report No.
UCRL-1315, May 18, 1951.

Sample Type: 10 wil thick cobalt foll coatalning 1e535§han .20 ppm iron
bombarded by 20 Mev deuterons to form Fe-” by the 4,2p reaction
on Co/”,

Advantages: Fe59 obtalned carrier-free and free from other radiolsotopes.

Yield: 98 percent.

Procedure:

1. Dissolve cobalt (about 100 wg) in 12 R hydrochloric acld, centrifuge and

dlscerd residue.

2. Dilute solution with an equal volume of water and adjust to a pH of 9 with

15 N NH,0H to give a clear "solution".
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PROCEDURE 10 (CONTINUED)
Pﬁgs solution throggh thtqan Ro. 50 filtér paper to absorb colloidel iron.
Wash filter with dillute NH),CH uﬁtil cobalt is not detected in the filtrate,
then wesh with dietilled water.

Remove Fe?? with 6 N hydrochloric acid.

PROCEDURE 11

Source: J.C. Roy and T. P. Kohman, Can. J. Physics 35, 649 (1957).

Bample Type: Copper bombarded with 400 Mev'protons for 200 hours at about

1l 4 amp and allowed to decay 5 months.
60

Advantages: Iron radioisotopes isolated including Fe®  which was determined

by measuring Co®YT daughter.

Yield: About 80 percent.

Procedure:

1.

Dissolve copper 1n concentrated ﬁitric acld and évaporate to dryness.

Add concentrated hydrochloric acid and evaporaté'tb dryness twice.
Dissolve in 8 K hydrbchloric acid, add carriers for Ca, Sc, Ti, V, Cr,
Mn, Fe, Co, Ri and Zn. Extract ferric chloride with ilsopropyl ether,
wash ether phase with 8 R ﬁyﬂrocﬁloric acid containing carriers for the
elements above until the ferric solution 1e free from any radioactivitiee
but iron. (Solution now has a millicurle of Ie59; some Fe55 and Fe6°.)
In order to determine the Feso.an active aaughter extraction wvas used

and the 0060Im conversion electrons were counted in a.thin window (or

windowless) low background counter.

Extract ether solution of ferric chloride with two 5 ml portions of 8 ]
hydrochloric ecid, the first containing 0.5 wg cobalt carrier.

Extract the aqueous solution three times with isopropyl ether to reﬁove
Fe59. . o
Neutrallze aqueous phase with ammonlum hydroxide and pass in HQS-to pre-
cipitate CoS. . Filter through Millipore filter allowing only air which

bas been previously Millipore filtered to pass through so as to not.get
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PROCEDURE 11 (CONTINUED)
any short-lived radicisotopes from the alr. Plate and count 51 kev

conversion electrons.

PROCEDURE 12

Source: A. N Murin, V. D, Nefedov, I. A. Yutlandov, Uspeckhi Khimii 24,
527- 57l+ (1955) (AERE Lib/Trana 722)

Bample Type: Manganese dioxide comntaining less than 10 -5 pert iron bombarded
with 10 Mev deuteroms for 10 hours at 180 HA to produce Fe?? by
the 4,2n reaction on- Moo>, .

Advantdges: Fe55 obtained carrier-free and free from other lron radioisotopes.

Procedure: l | ‘ | .

1. After 3 weeks decay perilod dissﬁlve térget in wgfm 8 K hydrochloric écid.

2. Add a few milligrams of cobalt hold-back carrler and_extract iron twice

with isopropyl ether. l
3. Wash ether fraction twice with 8 )| hydrochloric acid and extract iron

repeatedly with water.

' PROCEDURE 13

Source: J. H. Rediske, R. F. Palmer and J. F. Cline, Anal Chem. 27, 849- 50
(1955).

Sample Type: Plant meterial.

Advantages: BSiwmple procedure suitable for dual tracer (Fe55 qnd Fe59) analysis.
Analysis carried out on same solutions used for the thiocyanete
colorimetric analysis of total iron (Sandell, E. B., "Colorimetric
Determination of Tracés of Metale", Interscience, New York, 1950).

Procedure:

1. Wet ash 1.2 g sauple of plant material in a Kjeldahl flask with'concentrated

’sulfuric ecid and enough perchloric acid to clear {Piper, C. S., "Soll and
Plant Anslyaia » Ioterscience, New York, 194h}.:
2." Boll off excess water, allov flasks to cool, and dilute digest with water

to an approximate concentration of 20 percent sulfuric acid and e kmown

total volume.
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‘and Fe””.

~ PROCEDURE 13 (CONTINUED)

Transfer a 1 ml aliquot to a 15 ml tést'tube; add 10 mg ferric i:;on carrier
and dilute with water. Add 1 wl of 20 percent potassium thiocya.nﬁte in
water, then layer on the aqueous phase 2 ml of a solution of equal parts
by volume of diethyl ether and isoamyl alcohol. . _ .

Shake tube 5 to 10 times and. allow phases to separate for 3-5 minutes.
Remove 8 0.1 to 1 ml aliquot of the organic phase and pipet onto & stain-
less steel dish. Dry under an infrared lamp, flame lighfly over a Bunsen
burner and count on windoilesn flow proportional counter with and without

a 0.63 mg per sq cm rubber hydrochloride absorber to determln the Fe55
59
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