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FOREWORD

The Subcommlttee on Radlochemistry 1s one of & number of
‘subcommlttees working under the Committee on Nuclear Sclence
within the Natlonal Academy of Sclences - Natlonal Research
Councll. 1Its members represent government, industrial, and
universlty laboratorles In the areas of nuclear chemistry and
analytical chemistry,

The Subcommittee has concerned ltself with those areas of
nuclear science which lnvolve the. chemlgt, such as the collec-
tion and distribution of radiochemical procedures, the estab-
lishment of specifications for radlochemlcally pure reagents,
avallability of cyclotron time for service 21rradiations, the
place of radiochemistry 1n the undergraduate college program,
etc.

Thls serles of monographs has grown out of the need for
up-to-date compllations of radlochemical lnformation and pro-
cedures. The Subcommlttee has endsavored to present a serles
which wlll be of maximum use to the working sclentlst and
which contains the latest avallable Informatlon. Each mono-
graph collects in one volume the pertinent information required
for radiochemical work with an individual element or a group of
closely related elements.

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

The Subcommlttee 1s confident these publicatlons will be
useful not only to the radlochemist but also to tne research
" worker 1in other flelds such as phyeics, blochemlstry or medicine
who wishes to use radiochemical techniques to solve a speclric
problem.

W. Wayne Meinke, Chalrman .
Subcommittes on Radlochemlstry

1
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INTRODUCTION

This volume which desls with the radiochemistry of iridium
1s one of a serles of monogrephs on radiochemlistry of the elemants.
There 18 included a review of the nuclear and chemlcal features
of particular interest to the radlochemist, a discussion of prob-
lems of dissolutilon of a sample snd counting technliques, and
finally, a collectlion of radiochemlical procedures for the element
a3 found 1in the literature.

The seriles of monographs wlll cover all elements for which
radlochemical procedures are pertinent. Plans lnclude revision
of the monograph periliodlically a8 new teohniques and procedures
warrant. The reader 13 therefore encouraged to call to the
attentlion of the author any published or unpublished materlal on
the radiochemistry of iridium which might be included 1n a revised
versilon of the monograph.

iv
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' G. W. LEDDICOTTE®*
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RADIOQACTIVE NUCLIDES OF IRIDIUM.

The radionuclides of iridium that are of interest in the radiochemistry

of iridium are given in Ta.bie I. This table hes been completed from informa-

tion appearing in reports by Strqminger, et al

(1 and by Hughee and Ea'.rvey.(e)

¥Opernted for U. S. Atomic Fnergy Commission by Union Carbide Corporation



TABLE 1
THE RADIOACTIVE NUCLIDES OF IRIDIUM

Radio- . Mode ' ’ :
" nuclide Half-life of Decay inergy of Radletion Produced By
1287 11.8 b Bc, ¥ - p' 2.2 " Re-or2n, e} g on,
: : ~1.3 8bs . 0s8-4-3n
1158 ¥1.5h EC, gt g' 2.0 o Re- n, Re-o-3n,
: ~1.8 abs -  RelOT-g-3n, 0s-d-2n
P 3.2n B, EC gt 1.7 : . ‘Re-grn, ReX®T.gn,
. . : Os-d-n, Os-d-2n
Ir'%®  jem IT . . 0.057 Spect Conv. Ir-n-y _
1r192 Th.37 4 EC,p B 0.67 0Os-d-2n, Ir-n-y, Ir-n-2m,
: y 0.136, 0.201, Ir-d-p, Pt-d-q, Pt-y-pn
'0.206, 0.296, :
- , 0.870 _
193 5.7x 107 & IT y 0.065 : Daughter Os™>>
119 19.0.h g 8" 2.18, 1.98, others Ir-n-y, Ir-d-p, Pt-y-p
v 0.290, 0.326, others _
' hom B 27 g 1.8 abs Pt-y-p, Pt-n-p
7y 0.kg, 0.84
196 - -
Ir 94 p P 0.00 abs . Pt-n-p
el 7m B B” 1.65, 0.6 abs °  Pt-y-p, Pt-n-pm
Irlg8 bss . p " BT 3.6 abe : Pt-n-p '

y 0.78

III. THE CHEMISTRY OF IRIDIUM AND ITS APPLICATION TO THE RA.DIOCEEM[S’ERI OF
THE IRIDIUM RADIONUCIIDES

Radiochemistry is _proba.'bly best.d.escribed as beling an analysi_é technique
used primarily eithew (i) to assist in oi:taining a' pure radionuclide of some
specific element in e suitable .'form ao .'that a.n a.'psolut:.e maﬁurement of 1ts
radioactivity, radiation energlas, a.n.d half-1life can be made, or (2) to deter-
mine the amount of radioactivity of a i)a.fticular radicelement in e redionuclide -
mixture, or (3) to complete a radicactivation malya_is_ beling used to determine
the stable ‘element concentration in a particular sample material. In order to
be an aid in accomplishing sayone of the above interests, radiochemistry
ﬁsually considers the isolatilon of the desired radionuclj..de by either carrier
or 'carrie_r-free se_pa'ra.tidn methods . -

Generally, "carriér" methods are used mosp frequently 1n radiochemistry. .
They involve the addition of a small amount of imsctive stable element to a
solution of the 1rra.diated‘; ma'beria.l to serve as a _ca.rz\-_:l_er of the radionuc_iid_e

of that element through the separation method. "Carrier-free" separations



connote that no carrier is added. These rediochemrical techniques are used
aostly to obtain redionuclides for absolute radtcactivity measurewents,

and it is required that the desired radicelemsnt be isolated in a manner -
able to give either nc emount or a minimal amount of stable element (either
isotopic or non-isotopic with it) in the final form to be used in the radio-
activity measurements.

In most instances, radiochemistry is dependent upon more conventional
ideas in analytical chemistry involving separations by such methods as preci-
pitation, solvent extraction, chromatography, volatilization, and/or electro-
lysis and the subsequent presentation of the isolated radiocelement in w form
suitable for a measurement of its rediocactivity. When "carrier” techniques
are employed, one major difference exists between radiochemistry apd more con-
ventional anslysis techniques in that it is never always nscessary to recover
coupletely the added amounts of "carrier” element. Each radiochemical analysis
is designed to assure that the atoms of e radioactive element achleve an iso-
toplc state with the atams of the inactive element and amy loas of the radio-
active species la proportiomsl to the loss of "carrier” during the separation
process.

Colorimetric, polarographic, and volumetric analyeis techniques are seldam
used in rediochemistry because they do not separate the desired rudionuclide
from contaminants (either radioactive or stable) in the n:.:ct.-.'ure being analyzed.
However, some of the developments used in these apalysis techniques may be use~
ful for consideration in radiochemlstry.

The following information 18 intended to give some general ldea of the be-
hevior of iridium and its compounds that might be useful in devising radio-
chemical analyels methods for the radionmuclides of iridium. More detailed infor-

mation can be obtalned from the references clted in this monograph.

A. The Qeneral Chemistry of Iridium

Iridium usually occurs as the native metal in cowblnation with platimm,
osmium, and gold. It is also present in meteoritic iron and in all of the

v
plstinum ores. It 1s obtalned from these base matarials by refining processes.



1. Metallic Iridium

Iriditm, as & metal, is sllver vhite and brittle with a distinct
crystal structure. It 1s _very_hard and is.not very ductile. It has a
density of 22.65 and s melting point of 2454, Wnen hested in air st a |
bright red heat, iridium will volstilize. Molten iridium will dssolve
carbon but will not combine with it. When the melt 1s cooled, the carbon
separates out as graphite. Iridium can ab__sor‘b_ hydrogen only when 1t ia
electrolytically charged with the gas and in a finely dlvided state.

In its chemical béhavior., Iiridium metal 1s not attacked by any acid;
however, it can be atfa_ckgd by hydrochloric acid in tﬁ_e presence of ailr
a.nd_'when hea.téd unﬁ.er preéaure at 1'250.. It carn be comverted to iridium
dloxide, Ir02, by heating to a du.]_'l. red _heat .:Ln an air or oxygen atmosphere.
Ir0, will decampose again at higher temperatures. If can be attacked by
chlorine gas when hEated et red heat and a double chloride salt 1s produced

1f 1t is mixed with sodium chloride and heated.

2. The Compounds of Iridium-

Iridium exhibits oxidation states of O, +1, 42, +3, +4, end +6.03)
The trivalent (+3) a.nd the tetravalent (+4) statea. are the most :Lumortant
Many ions of these-'sp.ecies exist in éolution with the +k ‘compounds being
the most stéble.. Thel+6 'oxide.a'nd .11:5 lsalts are known only :Ln a.].kaline |
solui_:ions. N . '

Both the simple and complex trivalent cmﬁpounds are vety similar to.
those of rhodium (ITI). The chief couhpou.nda.; of iridium (111) are the oxides,
the halides, and many complex compounds. The Ir (IV) compounds are moatiy
aniontc in species. The oiide, the halides, and a number of complex s;its
huve been estsblished as iridium (IV) compounds. BSulfide and carbonyl compounds
also exist for iridium (IV). Table II shows the Qolubilities of some .
of the iridium compﬁu.nds. .

a. The Oxide Compounds. The eimple tripositive iridium oxide com-

pound, anhydrous black iridium (IIT) oxide, Ir,0,, can be formed by heating

potassium hexachloroiridate (IV), K2 [IrCls] in the presence of _sgdium car-

bonate. The hydrated sesquioxide, Ir203-xH20; formed by addd.ng_dilut_e'a.lka.]:l.



Table II. Solubility of Iridium Compouunds

Water Solubility

Compound . Formula, . Cold . Bot : Other Bolveunts
Promides IrBr3 bH 0 Very Soluble _ ' Tusolublé in alcchol
IrBr, Soluble; ' Soluble 1n aleohol .
deccmposes
Chlorides | 1ro1, - soluble " _ * Insoluble in acids nd slkali
Ircly . “Insoluble o | Insoluble in acids snd elkali
Irey, . Solusle Decomposes - Soluble in aleahol and dilute ECL .
Fluorides IrFg Decomposes Decomposes _
. Ioaides Irly Slightly soluble  Boluble S1ightly soluble in aleohol
Irn, - Tusoluble ~ Insoluble Boluble in KI; insoluble. in alcohol
Oxides | Ir205 . "~ Insoluble ' * Soluble in HoBO0y and hot HC1;
- insoluble 11; allmll - o
Ir0, &0  Tosoluble N Soluble in acid and alkali
Ir0, - Insoluble _ Insoluble Insoluble in ecid end alkali
Ir0p 25,0 Tnsoluble _ Ineoluble Soluble in ECL
or Ir(0E), - .
Sulfate. Irp (.SOu )5°¥Eg0  Boluble
Sulfides 18 Tnsoluble = . Boluble 1o K,8; lusoluble In actd
' Ir 2.;35 - 8lightly soluble , ﬂo?l.uble in HNO3 and K8 l
IrS, Insoluble h Soluble iﬁ aqua regia; insoluble in-acid .

Ir(BS)j'EEQO Ipsoluble _ : " Boluble in EEOB



to a solution of potassium hexachloroiridats, (ITI), Xy E:rc16] , in an atmos-
phere of carbon diaoxide, can be oxidized by air to the dioxide. When heated,
]'.1-203 will decompose to iridium mtal and Ir02.
Iridium dioxide, Ir0,, can be produced by besting (st about 1070°) powdered
iridium metal in air or oxygen. Diasoclation will occur at higher temperatures
and regsults in the formation of metallic iridium. Rnw(a) notes that 1s has
been assumed that iridium dioxide could form well defined compounds with strong
basic ocxides; however, later studies show these are only adsorption products.

A hydrate form of iridium dioxide, Ir02-2520 or Ir(OH)h, can be prepared

by heating a solution of sodium chloroiridate (IIT), Ba, [u-c16] , with potassium
bydroxids. The hydrate is very imsoluble in alkali solutions, but readily
soluble in acids. The anhydrous form is insoluble in m3 and stoh; it can be
dissolved in HC1 to form the complex acid, H, EI::Clsl ]

o iridium oxide compounds of the cxldation states of 0, +1, +2, and +6
are known.

b. The Halide Compounds. Chloride, bromide, and iodide compounds of

Ir (III) are known; the fluoride campound has not been prepared. Anhydrous

iridium chloride, IrCl._, has been produced by a direct union of chlorine with

32
iridium metal heated to about 600°. Hydrated chlorides, bromides, and iodides,
such as IrCl3-3320, Izﬁr3-l|520, and 1‘1'13-3320, are obtained by mixing solutions
of the hydrsted sesquioxids, Ir,0., vith balogen acids. The hydrated
chlorides will dissolve in water to produce dark green acidic solutions
indicating anionic complexes of chlorine and iridium. All of the iridium

(I1I) halidas will decompose at elevated temperatures to form the lower
balides. Continued bsating will produce the free metal.

Of the Ir (IV) compounds, iridium tetrafluoride ond iridium tetra-

chloride are the only halide compounds that bhave been characterized. Irl?h
is produced vhen the hexafluoride, Irl"6, 18 reduced with powiered metal at
a temperature of about 1507, IrCl, is formed by the acticn of aqua regia
on ammonium hexachloroiridate (IV). Both of these halide compounds are
unstable, IrFu, a yellov nonvolatile oil, can be decomposed Dy strong
heating to give lower fluorides. In water, it will decampose rapidily to
the hydrated diaxidae. IrClh loses water and chlorine when gently hsated.

6



The iridium (VI) halide compound, IrFy, 1& obtained as volatile .ye]lov
soli_d by a rea_ction of the elements a.t.témperaturea of 2006. It ca.n be de- .
cémposed by water to evolve oxygen and ozone and to form the dioxide hydrate
and HF. When treated with chlorine, IrF) and chlorine monofluoride are formed.
Reactlons with hydrogen gas will -pi'Od}xce iridium metal. .

Tridium (I) 1s known onmly in the form 'éf_'the halides IrCl (red), IrBr
(brown), and IrI (black). ‘They are the products of the thermal decomposi-

tion of the trihalides and ﬁhey are very insoluble in acids.

¢, The Sulfide, Sulfate, and Carbonyl Compounds. The sulfide compounds, '
Irs§, -Ir253’ and I:rse, are formed by the direct union of the elements. The.
sulfate and carbonyl compounds, such as X ﬂ:r(CN)d and Na, [[r(so3)@ -10H,0,
are complex irldium compounds. '

d. The Complex Compounds. Iridium (III) produces mmerous comple'x

compounds. A1l exhibit a coordimstion mmber of 6. All of the irtdium (IIT)
complexes, except those for the halides, are lmert td pubstitution and form
compounds closely resemblix_:g the rbodium (i’II) complexes. The chloro com-

~ plexes, Ma.FrCI(J and M, FI‘C15(H29)] , are usually obtained vy a reduction
of the corresponding iridium (IV) compounds. The bromo end lodo forms are

. also cbtained in the same manner.

The ma.iﬁ class of the Ir (IV) conﬁplexes. are the halogen compounds. The
chloro complexes a.re'pro_d_uced either by the réact'ion' of chlorine on e heated
mixture of iridium metai end alkall l_net.al chlorid_e or by the addition of an
alkell metal chloride to a solilrution. of hyﬂ_rﬁted 1ridium dioxide in HC1:

Ir (IV) bromo complexes are usually prepared 53! ﬁddinQ the alkall metal bro-
mide to the HCL solution of Izﬁz. 'Fluoro compounds, such as K, @rFE} and
Pb EtrF6] , are ususlly produced by hesting a m.'lxtu.re of iridium metal and |
K HI’DFB. No iodine complexes are known. Complex ammines and oxalates have

3
been identified but not characterized.

B. The Analytical Chemlistry of Iridium

Tollowing 1ts isclation and sepsration from other elements, iridium,
. like all of the other pletinum metals, ie usually determined gravimetrically

as the metal.™?) Formic acid or sodlum formste will reduce 1t to the



metallic state. Powdered zine, alumlnum, or mgnesi\m..ca.n also 'be used to
displece it from solution. _

The reviews 'by Gilchriat(6) a.nd Beumish(7) afford e'xcelleni'. surmaries
on many of the methods that can be used to iso-late and separate iridium and
the other platinum metals .fram other _'elements and from eé.cli other. HMany of
these methods are suitailile vor use by s radiochemist in his -se-pa.r_ationé
of the iridium -radioﬁuclides and most .of them are considered in the general

infoz-mation thet follows:

1. Separation By Precipitation

Precipit.a'bions with hydrogen sulfide from an acid aolution(h 8>

separate the platinum metals fram most of the other chemical elem'enta. _
Silver, éopper, cadmitﬁi, mercury, indium,_ germanium, tin, leed, afsenic,
a.ﬁtimony, bismuth, molybdenum, 'selenium', tellurium, a.n‘d_'rhenimn can interferé
in this separation. ALl of the platinum sulfides are readily soluble in aqua
regia; however, the compounds that result can contain closely bound sulfate
groups which may affect any further reactions of the platinum metals with
other reagente. Taiminl and Sa;laria(g) have.us'ed the solubilit& of' iridium °

" sulfide (and the other platinum metal sulfides) in alkaline solution to
separate them from many other chemical elementsl;

(10)

In a very early iuvestigption by leidie it wa.s shown that a diges-

tion of the chloro compounda of the pla.tinum metals with sodium nitrite
would convert these compou.nds into soluble stable nitrite com;plexes so that

such base meta.ls as gold, copper, zinc, ete., could be removed from the mix-

ture by being precipitated as oxides or hydrated oxides. In 1at.er studies(ll’lz)

on this method, 1t was found that rhod.ium, i:idimn, pla.tinum, ru'hhenitm, and -

palledium could be isolated by reconverti.ng the nitrite compounds to the

chloro forms before being precipitated with such reagents as ammonium chloride. (10)

(1)

‘Blackmore, et a.l(l3) end Gilchrist bave ghown that Ir"# (as well as

N

Os+l » rut ; and Pt ) can be sepa.rated from many other elements as ammonium
chloroiridate. This uompou.nd can be ca.lcingd to produce iridium metal.-

Gold can be seperated from iridium end the other platinum metals by precipita-

tion methods using such reagents as ferrous aulfate(ls) gulfur dioxide (h)



(16)

oxalic acid,(h) hydroguinone, tetraethylsmmoniun chloride,(IT) end sodium

nitrite.(la) Usually the choice o:r.rgagent is dependent upon the separation
procedure to be rollowed in the subseq_uent a.ssay of the solution for iridium.
Beamish(T) reports that iridium (a.nd pa]_ladium and rhodium) can be

separated from pla.ti.mm by a com'.rolled hydrolynis of their chloro complexea

in the presence of 'brcm_ate. Gilchrist,(lg’eo_) after remov-ing osmium and

ruthenlum by distillation, oxldized Ir, Rh, P4, and Pt to their higher val-

ence states and hydrolyzed the solution with sodium 'nydrogén carbonate to

pH 6-8 to precipitate Ir, Fh, and P4 and eeparate them from Pt+|+_. Ry'ah(al)

also separated platinum from iridium (end Au, Pd, and Rh) by a hydrdly\:ic_

(22) using radicactive Ir192 tracer and the

(24,25)

separstion. Lloyd and Morris,
techniques developed by Piei-son(23) end Powell concerned with the
separs.tion of Pt, Rh, Ir, and Pd with calomel end hypophosphorus acid, showed
rhodium could be separated fmm iridium if brcmide was present. When iodide
was present, the calomel’ sa_ltu a.nd a.cid slu.rry quantitatively separated the
iridium. _ | _

Iridium (as well as Pt and Bh) can be quantitatively separated from palla-
dium by precipitating palladium either with dinet.hylglyoxime (20,26-30 )
with a—nitmso-B—na.phthol(al) or by treating an acid solution of the metal
with sodium dimth;ylglyox:imte (32) Gold has also ‘been separated from iridium
by precipitating it with e_ithe:_r djmethylglyoxim,(Ba) a-nitrddo-ﬁ-naphthol,(al)
or_hydroquinone.(ag) It has also been reported that dimethylglyoxime precipi-
taticns will s_epara;tg platinum almost quantitatively frmn i:ridium and the other
Jnon-volatile _plutinu.m mn_ate.ls.(33’ 34) Qestla_.nd-and Baa.mish(ls) in their
etudigs on the isolation of microgram amounte of pletinum end palledium
'By reduction with tellurium metsl powder showed that iridium would also
.precipit.a.te if an excess of palladium was preaent. _

According to Beamish, (7 iridium and rhodium usually appear toget.her
" after the separation of gold, osmium,'rutheni\m, palladium, and platinum.
. In combination as the idsolu;ble residues from fire-assay extractions » they
are .resistdnt to acid dissolution. The residues have beed put into solu-

tion by such techniq_ues as ehlorina.tion in the preeence of sodium chloride (35)

or by a sodium peroxide fuaion (36)



. The sepa.ratim o:I!' the two metals by pcreoi;pita.t:l.on techniques :I.s some-
times airficuls.T) Selective extractions vitn fused sodium bisulfate, (37)
reductions of the hexachloro salts with mercury, (38) chloride salt red.uct:l.ons
st 90-95° with mercurous chloride(39) ana s ruston tn 1eaa at 1300°(*) have
been used as methods tosape.mte rhodium uﬂ :I.r:l.d.lm Generally, these
methods are not capable of a.oh:l.eving c;:nwlete separations. G:llch.'d.s"t(u)
has shown that a.quan_titat:lw separetion of iridium from rhodium could be
obtained by converting the metals t0. sulfate galts and then reducing rhodiun
ﬁth ‘1‘:|.Cl3 'The excess ti‘l'.nnium was :rmovod by prec:l.;pita.ting 1t with

k2)

cupferron. Po].‘l.u-d( has u.aed T™MC1 a.nd mrcnpto‘benzothiuole to reduce

3
rhodium.and separate. it from ir:l.diun. _

Rhodium can also be separated from iridium by a reduction and precipita-
tion fram bexanitrite solution by soddum sulride.(#3) Methods imvolved with
the reduction of rhodiun by ch:mnous chlor:l.de (43) by 'bo:l.l:l.ng it with anti-
mony metal dust in H 80, (15, 4k) (b5,46)

have also been used to separate it from :I.rid:l.ul. Rhod.'l.ul, a.fter its reduct:ton

,and by copper poud.ar from HCl solutions

with chromium ehlor:l.d.s aolution, ‘can be qua.ntitatively se;panted from
iridium by a precipitation vita ‘thiodeetandlde; (&1) Aridium being

recovered fzm the tiltrate as the sulfide. .

2. Separation By Volatility -

Iridium, 1like platinum, palladiium, and rhodium, is non-volatile. and -
oemium and rutheniun can be asparated fram it by use of distillation
methods. (") Gemium 1s removed first by & distillation as 00, from .
nitric acld solution; i-qthenim is then removed as Ru0, from a dilute '

o sou solution contain.'l.ng ‘bmtn. m undistilled mixture thsn can be
processed for irid:l.lm and the other platimm metals by any of the. methods

cited in this mnogra.ph.

"Iu Eggnﬂm By. Electrolysis-
Rhodium can be separated asid depoeited on a platimum cathode by

electrolyzing a- soluticn 01' th.e two metals for 90 minutes at a gra.dunuy
lowered ca.'l:hod.a potant:l.a.l |(fz‘m -0. 25 V to -0.10 V). (48) Codeposition of

iridium was Observed by tl:\a authors. Houmr, 1t vas showvn that the addi-



. tion of 3.5 M ammonium chloride to the solution before -elecfro]ysis resulted

in & deposition of rhodium free from iridium.

i 4. Separation By Solvent Extraction

Some of the solvent extraction methods described by Morrison and Friesen(hg)
can be considered for use. in the ra.diochemistry of the iridium radionuclides.

a. Jon Association Systems. Bthyl ether will not extract 1rid:lum (or

Pt, Bd, Os, and Ru) from a 6.9 M HI solution(5°) and this system can be used
to separate it from At 3 +3, Hg+2, Cd+2, and Bn+2 Gold has also been
isolated and completely separated from 1ri<iium (P4, Pb Fh, and Ru) by extrac-
ting 1t into isopropyl ether from & 2.5-3.0 ¥ HBr solution. ) Iridium (es
well as Pt, Fh, Au, Te, and small amounts of Pd) cen Dbe separated from

osmium end ruthenim: solutions contained in x-IC!l-lIFthl-SnCl2 by an

extra.ction with s.myl e.cetate (52)

B. Chelate Complex Systems. Saude11(53) reports that iridium

and the other platinum metele in the quadrivalent or trivalent states
will not produce dithlzonates in weekly acid solutlion so that they can

be separated from the dithizons.tes of other elements by extracting the
latter 1nto chloroform The phenylthiouree. complexes of Ir+h, Rh+3,
u+3, Os#‘, u+3, Fe 3, Co+2, Ni+2, and Cr+§ can not be extracted from

& dilute HCL solution with elther ethyl or amyl acetate.(®*) Tne pa*2

and Cu+2 complexes completely extract under these conditions, while the

Pt+h' complex is only partislly extracted. Ir:Ldium (a8 well as Pd, Au, and

Os+8) forms a colored complex w‘;th ephedrine hydrochloride and can be
separated from pletinum and rhodium by extracting it from a slightly acid
(55)

solution into ea.rbon tetrachloride

5. Chromatography Se}aratiom

a. With Inorganic Adsorbents. Alumina columma and various reagents,

such a8 benzid:lne, ave heen used to separate the platinum metals in agueous
solutions from Pb, Cu, Zn, and Ri. (56) Selective separations of each of the
' plu.tinum metals from each other heve also been accomplished under the same .
(57)

or similar eonditions
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b. With Ton Exchange Resina. Irid_'lm, as Ir"'a, can be separated from

1=.‘t+hF by first adsorbing them from a dilute chloride polution on to the anion
exchange resin, Dowex-1, and then ‘using 10 N RCl as a t_:olumn eluent.(Ba)
Ir*3 \111 desorb from the colunn vhile ptt (end/or '-Pd"a) remains on the column. :
Iridium (e.nd rhodium) can also be separated from platinum by use of the
anion exchange resin Permutit E. S. :Ln the hyd.roxide i’om a.nd 1N Na.OH
as the eluentgﬁg) In th:l.s eeps.re.tion, soc_i:lm'oxa.le'te wes used to rednce
the Ir and Rh to the te‘bfavalent state, after which they were adsorbed
upon the resin; follow:lng the removal of Ir and Rh by the sodium hydroxide
elution, the Pt was eluted from the column with HNO

3
~ The chloro complexes of Ir, P4, Pt, and Rh have been adsorbed und selec-

tively separated by NHh_OH-NHh01 elutions on a Dowex-2 resin column. (60)

Iridium ha.s also been separated from platinum, rhodium, and palladium by
use of Amberlite IRA-'-I-OO resin s.nd elutions with HC1. (61)
Ir:l.dium has been sepa.rs.ted from pletinum, rhodium, end palladium by
use of a Douex-SO cat:l.on reein colmm (62) The chloride solutions of the:
met.als were first converted to the perchlorate form and passed through the
Dowex-so column Ir, Pd ‘and Rh adsorbed upon the column., while Pt passed
through. They were subsequent],v sepaz-a.ted from each other by eluting with
HC1 solutions of va.ried mlarity Amonical solutions and Amberlite IR-100
res:Ln columns have also been used to separate Ir (Pd snd Rh) fram plati-
(60 63,64) The cation resin, Espatite-K-V-1, in either the B or Nat
form, has been used to sepe.:ets the chlo;-ide eom;plexes of Ir (Pb, Pd, and
Rb) from those of copper, nickel, iron, and lesd...(GS).

(66) depcribe separations

c. By Paper Chromatography. Kember and Wells
.of iﬂditm, pletinl.un, rhoditm, e.nd paJJ.adium in microgram amounts by use .of
paper-strip chromtography and varicus solvents. Using hexone-pentanol-HCl_
mixtures, separations of iridium, pallsd:l.um, and platinum, in that order, _
were ech:leved. ﬁhen .Ir.j, Pt, Pd, and Rh were mixed and separated, the iridium
was reduced by the solvent mixture and it separated with rhodium. Other
tests in the same stua.y shoved that copper, :I.ron, and nickel could be
separated frckn the -platinum me'La.ls by use of n-buts.nol ss.tu.rs.ted with

3 N HC1. ‘Burstall, et al (67) used cellulose columns and methyl propyl
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ketone or methyl ethyl ketone-HCl m:brtu.res a8 solvents to separate gold, -
osmium, platinum, palladium, rhod.tum, iridi\m, and ruthenium in that
order from a chloride sjrstem. Stannous chloride was then used to separate
Pt, Pd, Au, end Rh and acetone-HCL was used to separate Ir. '.Ledererl(gé)
and Payﬁ’e(sg) also separzted gold, iridium, platinum, palladium, rhod:l.uﬁ,-

and r'uthenimn, in that order, by a similar system.. Cellﬁlose columns
pretreated with such '.aolven.ts as hexone- 3% HCl have been us‘ed to sepamte ﬁilli-
gram emounts of Pt , Pd, Rh, and Ir from each other and from ironm, copper,

zinc, nickel, and mercury (70)

Pt and Ir were separated together from
the mixture and from each other by use of reducing conditions in order
to decrease t.he mnobility of iridium on the column.

d. By Electro-Chranﬂ.thraphic Me'thods. Majumdar and Chakrabartty(71)

report that the platinum metals ‘can be separa.'bed from each other by a
electro-chromatography techniq_ue using a potential of 150 volts and differ-
ent electrolytes. Descend:l_ng chromatography a.nd horizontal electro-

chromatography have been used to sepa.rate _Pt;, P4, Ir; and Rh, (72)

IV. DISSOLUTION OF SAMPLES CORTAINING IRIDIUM
All of the platinum metals exce'pt pallad.:l.lm reaist attack by single
- mineral acids. (7); Selective dissolution methods to separate base metals
from materials conti.ining the platinum meta.ls have involved collective
precipitation by zinc or iron and subsequent ‘attack with HNO3 and HC1, (73)
concentrated stou and sulfur, _(7‘1') agua regla, (39,75) sulfide fusions,(76’77) ;
1eaching(78) and amalgmnation.(Tg_) Many procedures lnvolving "fire assay”
- methods of isoleting the_pla;tintm metels from ores are known.(7) Typical
of newer methods of fire messay 1s that propdsed by Plummer, et al'(BO,Bl)
In generel, it conslsts of preparing a base metal alloy button by redﬁc-
tion with mechanieally mixed carbon, sodium carbonate, borax, and ore;
base metal oxides are added, if required. The reduction was can—.l..ed'out-at a.
temperature of 1450° and, after its preparation, the b‘utto:i. was dissolved
in HC1 end HNO, after which the platinum metals were extracted by methods
' similar to those described elagyhere ‘in this monograph.
Any one of these dissolution_ technigues can be adapted for use in .

the radjochemistry of the iridium radiomuclides. The addition of iridium
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A carrier to the mixture before dissolution begins will assist in achieving

an exchange of i‘.he radiocactive and inactive i1ridium atoms.

V. SAFETY PRACTICES |

Adequate aafet_y precautions ahould be fcllowed in diasolv-j.né any sa.mple
material vwhether 1t is radicactive or non—radioa.ctive. The manual by Pieters
and Creyghton( 82) is one of several that report on “the toxicology of most
inactive-elemental compounds. Such a menual as this should be consulted
before any unalysis is u.nderteken .

Safe pra.ctices in handling radiocactive sample materials are always impor-
ta_.nt in radiochemistry. The di.ech_arge of z_-adioa_ctivity by eicploeion or
evolutian into a laboratory e.rea._c_an be t.xaza.i'dou.e_ and can result in viide-'
spread contamination. Thue, scme seurce of information on sa.fe-'handling
practices for p'roceesing redioactive materials should be consulted before a

: radiochemical analysis 1s begu.n Infoma.tion on euch practices appears iIn
the Oak Ridge -National la'bora.tory'a Master Analytical Manne.l(BB) and in the
International Atomic _Ener_gy Agency's publication, entitled "Safe-Hand1ling

n(84)

of Radiolsotopes. Many other similer _eoui-ces_' of information exist

and should be comsulted.

VI. COUNTING TECENIQIIES FOR THE RADIOACTIVE IRTDIUM ISOTOPES

The a.na.lysis of 'aample mterials -conta.ining iridium radiopuclides may
be campleted either by d_irect (non-destructive) mea.surement of the radio-
nuclides in the irra.diated sample or by o'bta.i.ni.ng the ra.dionuclidea in some
Torm by radiochemlically proceaaing the irra.diated sample. The use of either
technique 1is dependent upon the specific cha.ra.cteristica of the 1ridium
- radiolsotope being meesured, i.e., itﬂ half-life, the type radiations it
emnita as. it decays ‘and the ene:i:'y .of these radiations. The ease with which
a non-destructive a.na.lysia meth.od ca.n be applied is moat frequently influenced _
by the radioe.ctivity of the sa.mple ma.tz-ix containing the iridium radionuclide.
If thile presente a con.siderable interference , then the sample miet be pro-
cessed mdiochmicﬁ,l.‘l.y |

'l‘a.ble I of this monogre.ph shovre the nuclear characteristics of each of

the known radiocactive iaot.opea of iridium The ra.dioa.ctivity of these can
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be measured by either standord Geiger-Mueller, gamua scmtillé.tibn Or propor-
tional counting techniques. ©5%®) The gamm rediations from Iri92 ama 19 -
have been used 1ln a non—&e_structive radiocactlivation analysis method to deter-
mine the iridium content of sluminum fo11s,89) gora,®9) piatinum, V) ana

rhodium-_(ga)

VII, RADIOCHEMICAL PROCEDURES FOR THE IRIDIUM RADIONUCLIDES
Although no specific carrier-fres separstions of the iridium radiomiclides
appear in the current literature, it should be pos'si'ble to use any of the
solvent extraction or chramstography methods reporbed elsevhere in thias mono-.’
graph to serve 85 & means of obtaining essentia.lly. carrier-free radiocactive
sridium. Mb'st of - the ca.rrier radiochemical proﬁedures have or.tginate& .
from 1nveat13ation.s concerned either with the preparation of radioactive
iridium tracers, (93, 94) sepa.ration of iridium radionuclides from the
.fission products, 3) or the setermination of small smounts of iridium
by radioactiva‘hion analyeis. (95’ %) Pla.ti.num (91)
rhodd.lm_chlorid.e, (98) palla.dium_, (98) deep sea sed.'l.menta (98) and paper
' as‘n(ge') have been analyzed for trace iridium by _rs.dion.ctivation apalysis
methods. .
In th§ pro_ced.uz_'_ea: that follow, informetion is ‘given about tht_! specific .
use of the procedure, the type of material analyzed, type nuclear bombard-
ment, etc. Whenever possible, a atateﬁ:_.gn'l.: is made sbout 'bhe. decontamination

levels a_cﬁieved by the pa.rticula.r pu:_oceduré cited.
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* PROCEDURE 1
Procedure. Uséd In: Preparation of radiocactive. _iridiunl: tracers
Method: Solvent extraction . o
Element Separsted: Iridium radionuclides
Type Material Analyzed: Iridium Foil
Type Nuclear Bombardment: 1014-"' cyclotron (a.ny énergy protons)
Procedure By: Thompson and Resmussen (Reported by Meinka(93'))
Separation Time: 1 hour |
Chemical Yield of Carrier: ~50% -
. Decont.am‘lnatio.n: 102
Equipment Required: Stahdﬂrd
Plncedm: ’

i; Make a melt of KOH and KN63 (approx. 50-50, not cr;tical) in a small
porcelain'qrudible s he_ating._-'atrohgly_cver e Fisher burmer.

2. To this hot flux add the target Ir metal, contimuing to heat (and
adding KOH 1if volume of Flux gets too suall) until the métal 1s completely
dissolved. .(For a small gtrip of 1 mil foll this should take n§ 1onge£ then
5-10 min.) )

3. Allow flux to cool, then 1ea.ch for ~5 m:l.n with conc. HCl, adding
Au anpd Pt carriers in’ smll ammmt. (Ir glves strong blue eolored sol'n.)

k. Extract twice with ethyl acetate to rmove Au.

5. Add a little SnCl solution in HC1 to the aqueous phase until e dark

2
red coloration (H PtCl, ) Indicates the reduction of Pt from + to +2 state
is complete. . {See remarks. ) .

6. Extract the red coloration (Pt) into ethyl acetate. Wash organic
1ayér twice with an equal volume of 3K HC1.

After complete removal of Au and Pt, Ir can.be extracted as follows:

7. Reoxidize the a.quéous phase fram asbove by addition of a small
amount of 30% Haoa; (reappee.re.nce of blue IrVI coloration.)

8. ndd s 11£t1e NH), BCN solution. (Blue changee to pink )
A precipitate of (Ir) (SCN) forms chwly (The rate of pptn is slow.
enough that one may make use of the fact that the pink cumpou.nd ia extract-

able into ethyl acetate.)
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PROCEDURE 1 (Contimued)

The extraction of the pink compound has the advantage of quickly removing
the Ir from the origir:'lal solutioh, wvhich usually has enough silica dissolved
(from crucible) thét the whole sclution will gel if allowed to stand. -

The pink compound ppts from the ethyl acetate on standing.

Remarks: _ _

As most Ir foil conbalns about ~1% Pt impurity, it is well to provide a
Iatep for extraction of fu activities, whether or not the Au 1is desired for
later work, even 1f it is simply a proton-bombarded Ir £oil.

On 5nCl, reduction, thé_ strong blue coloration of Ir(+6) d;jls'appeazfa,
permitting the red of red.uced HanClh_ to be seen.

By spending more time leaching the melt in (3) end by using several
portipn.s.'t.af leaching agenf, the 't::haﬁ::lca]; ylelds might be made almost

quantitetive.

PROCEDURE 2

Procedure Used In: Preparation of radioactive iridium tracer and separation
' of radioasctive iridium from fission products

Method: Di_atilla.tioq, aplvént extraction, and precipitation
'Element Separmted: Iridiom rediomuclides
Type Moterial Analyzed: Uranium metal
Type Nuclear Bombardment : 184* 'cycloti'on (388-.Mev alphas )
—Pr;)ced_.u..re By: Wolfe (Reported by Meinke(93))
Sepg.;;ation Time: ~30 hours (vwhen separated with Pt and Rh)
Chemical Yield of baz;rier: 3-5% .
Decontamination: 10,'L (except from Rh) '
Equipment Required: Standard
Procedure:

1. Cut out the central portion of the target and boil with cone. HCL
to dissolve it and to expel Ge.

" and boil the solution again to expel iodine.

2. Add Smg I” pnd 10,
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PROCEDURE 2 (Continued)

3. Add 20 mg Os, 11-,; ‘Pt, and Au carriers plus 20 mg Ba, Ru, Fh, and
P4 carriers. Withdrav a 20% aliquot for later detérminations of Ba, Ru,
and Rh. ’ ' |
b, Pla.co the mmining uolution in a gpecinl ull—glaos distilling flask

baving & thictle tube entry and an air entry. Add concentrated HNO. through

3
the thistle tube, and distill 0s0, into 6 N Na_oﬁ in an ice bath. (Save for -
Os determination.).
5. Place the residue from the Os distillation in & beaker, add 10 ml
T0% HCth_ and boil the sblution to fumt; of HCth to expel Ru. -
6. Dilute the solution, add 5 mg more Ru carrier, and 5 mg more I  and
IO3 a.nd repeat the fmni.ng
7. Add one ml d1lute' HC1, dilute the solution tod § a.nd e:ctrect twice
with equal volume butyl acetate to decontaminate from Hg a.nd from Au.
8. Dilute the solution to ~ 0 5K in at , add 5 ml dinethylglyoxime
solution (1% in alcohol) and filter off the palle.dium ppt
9. Add conc. HCL to supn. to mke ~5 N, Add Snc:12 _aropuise until the
cherryred of Pt“ is appa.ront. l . ) _ :
10. Extract the Pt with three equal portions of butyl écetate_.
11. Fume the aqueous layer with HC10), to prepare for the pyridine

extraction of Hh and Ir. (CAUTION: Since the solution contalns organic

material (dimethylglyoxime and butyl acetate), care must be taken to avoid
an explosion.) Following the method of Noyes and Bray for destroying organic

material with ECth_, add HNO, to the solution, evaporate on a steam bath for-

3
one-half houz', :than heat gently to fumes of IICth. Add an additiono.l 10 m1
of HC10, and fume -‘the solution stmngly_i‘or se'_veral minutes to destroy the
chloride complex: of Rh a.nd. Ir.

12. Cool the solution, dilute tod N end edd 20 ml pyridine.

13. Boll the solution for five minutes, place in & separatory funnel, and
add 19 N NaOH to sei:arate the free-base pyndine layer (the high concentration
of FaOH is merely to keep the volume ‘low). -

14. Wesh the dark 'blue pyridine 1a.yer three times with eq_ua.l volumes of
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PROCEDURE 2 (Continued)

diluté HC1, separating the layers each time with 6 N .Ha.OH.

15. Add a few.drops of 6 X NaOH to the pyridine .layer and evaporate the
PyTidine off. ' '

16. Pass HZB into the bolling alkaline aolut:l.on for umnl ninuteu , while
the solution 18 acldified dropwise vith HCl. B8ulfides of Rh and Ir ppt.

17. Dlesolve the ppt in & little aqua regla, and fime strongly with conc. .
stoh- to convert coqpletaly to the sulfate complex.

18. Dilute the solution v:lth wvater twenty to ana, boll and ppt Fh
© metal by adding ’.I.‘:I.(!l3 dropwise until a very g]_‘lgtit exce.ss is present.

_19. Dilute the supn. (containing Ir) to 0.5 5 in E'; cool in ice

and ppt T1 with cupferron. Filter off.

20. Add 5 mg P4 and Pt carriers and ppt the P dmg. Discard.

21. Heat the supernmatant to 'bo:l.l:l.ng and neutralize to the 'brcncresol

furpla end-point vith HaHCO. solutiom, add.-l.ng bromate to oxldize the 1rid1|.ln

3
up to the plus four state. Hydrated IrQO, is precipitated leaving Pt in solution.

2

22. Dissolve the ppt in a 1little conc. HCl, and add a fev mg of Rh carrier.

23.. Fume with 112801' and repeat the Rh pp'bn wvith T1_013 (stepes 18-21). _
Although the -1_-1013 pp'l:n of Hh leaves only about 0.1% of the Rh in solution, Rh
activity may be 101" tines as high as tha.t of Ir and hence a single separation
mey still 1enve -evera.l times as much Rh activity in solution as Ir acti\rity.

2L, M‘ter the Rh pptn, ppt metallic Ir fram the HCl solution of tﬂe
Iro2 by addition of powdered magnesium.

25. Welgh the Ir to determine chemlcal Yleld and count.

Remarks: .

Rh, Ir, and Pt should be separeted from one bombardment leaving Os, Ru
and Pd for a second bombardment unless several pecple are cooperating on
the procedure. . . .

_The yleld of uctivity of Os, Ir, and Pt is very low in comparfson with
thet of the other platinum metals and many other fission producta formed in
the bombardment. This fact mecessitates, for Ir azd Pt, rigorous end repeated

decontamination proceduras which result in lov chemical ylelds.
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PROCEDURE 2 (Continued)

Thie procedure should be pra.cticed several times before actually
'applying it +to. & bombardment, since in several of the steps the conditions
for separation a.re quite cﬁtieﬂ. For this remson and for its poc)r chemica.l
yleld, this procedure 18 not considered a good procedure To dnte, however,
it is the best procedure that has been worked out for mking the req_uired
separations. It. is an acceptable proce_du.re from vwhich some radioactivity
data may be obtalned and can serve as a starting point fcr work on other,

better procedures.

Procedure Used In: Preparation of radioactive iridium tracers .
Method: Distillation sud predipitation '.

Element Separated: Iridium radionuclides.

Type Material Analyzed Rheniun metal

Type Nuclear Bombardment: 60" cyclotron (37-Mev a.lphaa 9.5-Mev protons B
: o or 19-Mev de'uterous)

Procedure By: Chu (l.ieported by Meinke(93))
Separation Time: 1 hour
Chemical Yield of Carrier: 705.'
Decontamination: lO2
Equipment Required: Standard
Procedure: _
1.. Pour the Re powder 1nto the dietilling flask.
2. Add 10 mg Os carrier and close the flask.
3. Insert the outlet .tub'e of'tﬁe flask into ice cold 6 N NaOB soln. '(10 cc).‘l

k. Introduce 3 cc conc. HNO. through the inlet tube of the flask.

3
5. Supply e little air through the inlet tube and hedt the flagk gentLv
for the solution of Re and the distillstion of Osou Tor about 19 min.
_-6.' Add 10 mg Ir carrier to the Os-removed "target" soln and eveporate to

"dryness.
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PROCEDURE 3 (Contimg.wd)m'

7. Take up the residue with 3 cc H20 and add 5-6 cc conc. formic acid.
8. Heat in bolling B0 bath for 10-15 min. '
9. Centr:l.fuga the pptd Ir. Rep‘recipita.t:l.m may be m& foi' further :

purity 'But usually is not necessary.

PROCEDURE 4

Procedure -Used In: Preparation of ﬁdimctive.iﬂﬂm tracers
_Metﬁod: ‘Solvént extraction and Precipitation ' h
 Element Separated: Iridium radionuclides
Type Materisl Analyzed: Platimm
Type Ruclear Bomba.x;dment,: Cyc]_.ot_ron_
Procedure By: Gardner, D. 'G.(9h),
Separation Time: Several hours
Chemical Yield of Carrier: ~70%
Decontamination: ~10°
Equipment Required: Standard
Procedure: _

1. The Pt target was dissolved in boiling aqua i'egia and 3 mg Ir carrier
and 10 mg each of the following carriers added: Cu, Ni, Zn, and Au.

.2. The solution was evaporated to inciplent drymess, diluted to 10 ml
with water and 10 drops conc. HC1 added. ' -
3. Au wes extracted 6-8 times with ethyl acetate. Gee Note 1.
L. The uqueous phase (yellow-brown) wes treated with 1-2 drops H,N rme to

_ destroy NO (Solution turns pele.) See Note 2.

3 o
5. Pt was reduced with SnCl2(solution turms daép red} and extracted 6-8
times with ethyl acetate. See Note 3.
6. The aqueocus phase wes evaporated to dryness with 2-3 m} agua regia and

5 mg Pt carrier added. The NO

3 wag removed by addition of 20 drops conc. HC1

and evaporation to dryness.

7. The residue was dissolved in 2 mi H,0 and 4 drops § ¥ HCL.
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PROCEDURE 4 (Contimed)

8. The solutioﬁ was saturated with solid NHhCI, varmed to diesolve any
excess and cooled in ice for 0.5 hr. The red precipitate of Pt and Ir was
. wveshed several tlmes with saturated-NHhCI aoiution. .

9. The precipitate was dissolved in hot water, and NE¢+ removed by
eveporation to dryness with 2-3 ml éqpa.regia.. . .

10. The residue was dissblved in 2-3 ml 320 plus 2-5 drops conc. HC1
and evaporated to dryness again. -

11. The residue wms diésolvgd_in 6-8_'m1 H,0 a.mi made‘be;s_:.lf: to litmus with
‘a few d;ops of saturated N’a2003 solqtion.(solution turns fram brown to yellow).

12. The solution was heated to boiling, 46 ml NaOBr solution (0.5 ml
1.5 NHCO3/1 mi sgtﬁrated Br, solution) Qdded and heating coptinued until the
solut%oﬁ turns greenish-blue. See Note L. o

13. 1-2 drops 6 E.H01 vas added to the still warm solution and the solu-
tion digested unti; the IrO2 coagulated. .

14, The precip;tate'was washed several times with H20, dissolved in conc.
HBr and evaporated to dryness. The residué was dissolvéd_in ﬁ20 and mountcd.
for counting. . |
Notes:

1. Tor both the Au and Pt extractions, aqueous phase _ ,
- organic phase :

New glassware was used for the last extrﬁction in each case.
2. Metallic Pt may precipitate fram hot solution.
3. .If a red precipiﬁate_forms, cone. HCl_is added-uptil it dissplves._:In
the presence of a'lﬁrge amount ‘of Pt a eeries éf partial reductions and exfraé-
_tions to remove all the Pt is preferred. _
"4, The addition of a drdp.of 1M NBECOj §olgtion and/or saturated Br,
solution may expedité the formation of the blue-green color.
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PROCEDURE 5
Procedure Used T.n; Radioac'l;.ivation a.ﬁalysis :
Method: Solvent extraction and precipitation
Element Separated: Ir' e (7h d)
Type Material Analyzed: Platinum(97)
I'I‘ype Muclear Bambardment: I:r.-:l'gl(n,?)Irlg2
Procedure By: Jowaui';witz, L. 8., et a1(97)
Separation Time: 'Sever.a.l hours
Chemical Yield of Cerrier: Quantitative
Decontamination.:l Excellent from Pt 2° and Au199

Equipment Required: Standard

Procedure: )

1. Seal powdered Pt metol and hydrous iridium oxide comparator
sumples (Note 2) in a quartz tube for the irradiantion.

2, Irnﬁiate for 12-2% hours in e reactor (Note 2).

3. Alter lrradietion, d.'!.ssqlve blatinum sample in equa regia. Then
boil, or evuporate, repeatedly with HCl. Transfer to separatory i‘unnel-;
4. Adjust solution to 6 N HCL, then add 30-50 mg of Ir as 1r016'2

carrier and an equal volume of ethyl a.c'ef.a.te (Note 3) to the funnel.
Shuke; separate léyera : _discard organic layer (Note L). Repe;lt ethyl acetate
e';{trr-.ction ot least twice.
5. Transler finnl egueous solution'tb ‘a suituble container; Add Toron-
- cresol. purple indicator, thén add sufficient sodium bicarbonate solution
until_end-point of brom-cresol purple is obtained.
6. add 20 ml: of 10% sodium bromate éolution,_ then heat to boiliné ror
20-25 minutes. Add 24ditional sodium bromate if necessary (Note 5).
T. Cool solution, then filter through a 19-mm. diameter S and S
Red Ribbon filter paper by suction filtration. Wash precipitate und
paper several times with 1% ammonium chloride solution. Dry_, mount
for qountiné (Note 6). | .
8. Process thé irradiated h;\rdroua iridium oxide c.cxnpa.rutor_ sample

in the folicwil.ng manner:
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. PROCEDURE 5 (Contizued)

a ‘Dlasolve in hot HBr and pipet o mensured aliquob Gf the
solutiod to & 19-mm filter paper. Allov the solution
b. ']!:onmunt'_m*t.l_m.smmmaruthemk'nomfor

;aountins (!!ota 6).

1. 0.10 grem of Pt metal and 0.5-10 milligrems of comparator.

2. Irradiation made in CP-5 at Argomne; 168 hours irradistion in
ORNL Graphite Reactor mo_qud.

3. Saturated with HC1, -

L. Contains Au'Y? rediosctivity.

5. Solution should be dark green or until 'pﬁcipitat:!ion of 1rid.1.1.m.
hydroxide begina. S '

6. A gamma scintillstion counter wvaa used for the measurement of Irlp.

-

PROCEDURE 6
Procedure Used In: Radioactivation Anslysis
‘Method: Precipitation )
Elenent Separated: Ir ¢ (7l d)

. 'l‘ype Ha.ter:l.a.l Annlyzod Rhod:hm chloride, 9&’“““’ paper ash, and
. deep sea sediments.

Type Nuclear noubudun_t: 11, )11
Procedure By: Emery and Mahlman (Reported by Leaatcotte (%))
Separation Time: 2-3 hours '
Coemical Yield of Carrier:. 608
Decontan:l.nn.tion 10° from P4
Equipment Required: Standard
Procedure: :' ' _
A. Irradiation of Sample Material

‘1. Irradiate known amounts of test (Note 1) and camparator (Note 2)
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PROCEDURE 6 (Continued) -

sumples in a neutron flux of at lsast 6.5 x 10t n/sec/cmz. for 62 Hours
or longer (Rote 3). Prepare the test and comparator samples for the
irradiation either by wrapping each specimen in aluminmum foll or placing

it in a .qua.rfz ampoule.

B. Preparation of Irradlated Materials for Analyeis

I. _The Comparator Sample

1. After the irradiation, guantitatively transfér the comparator

sample’ (N_ote 2) to a IOQ-nﬁ yolumetric fléak. D:I.asoive in HC1 and dilute
to volume with distilled weter. Shake vigorolsly to mix solution.

2. By -means of a 1-ml volumetric pipette, transfer an aliquot to =
‘seco.nd_ lbo-ml voi@tnc flagk, dilute to volume H'.I.th l__I! HC1l. Mix well by
smiﬁg_ . . . _

3. By means of a volumetric pipette, pip.et at leest 1.0 ml from
this d:l'.lutioﬁ'into a 125-.111 volume distillation fla.sk - Then, add 2 ml
of standardized '-iridiuﬁ carrier (Fote 4) plus 1 ml each of Om, Pt, Au',l
Ru, Rh, and Pd carriers (Note 5) to the flask. Then continue with Step

1 of Part III below.

II. The Test Samples.

1. After quantitatively transferring the irrsdiated samples to a
125-ml distillation flask, process thé‘irra.d.iated test samples in the
following manner: . -

a. Rhodium chloride: Dlssolve in a minimum amount of water.

b. Palladium metal: Dissolve in agua regia. Heat to dissolve.

c. Paper esh and deep sea sediments: Add 5 ml conc. HNO_ and

3
1 ml HC10,; heat to boiling; add additional conc. HNO, if
necessary until aa.mplé 1s completely dissolved.

2. Cool the solution, if‘ necessary, then add 2 ml of standardlzed
iridium carrier (Note U4) plus 1 ml each of Os, Pt, Au, Ru, Rh, and Pd

carriers (Note 5)?_f,§ the flagk., Then continue with B'tep.l of Part III

i
below. |
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- PROCEDURE 6 (Continued)

III. Rad.iochemica.l Segaration

1. To the flask (Nota 6) a.d.d 10 ml of conc. 0., and distill OBOu 1n1:o_

3
6 N NaOH conteined in e tube held in en ice 'bath.
2. Repeat Os carrier a.dd.ition a.nd distilla.t.ion
3. Transfer the- resid.ue from the distillation flask to a 'bea.kar, add -
10 ml of T0% HC10, and boil to fumes of HCloh (Nota 7) '
u. Repeat Ru carrier addition snd HCth_ fuming.
5. Cool the solution, tmsfer to a separa.tory funnel, and add
enough conc. HCL o make the solution h Hin HCL. ‘Add an equal volume
of butyl ccetate and extract (Fote 8) by ohald.ng. Repeat butyl acetate
addition ani extraction. Discard t]ie organic phé.ses.
6. Dilute the aqueous phase with water to ma.ke the solution 0.5 N
in HC1l, then add 5 ml of l‘ﬁ alcoholic solution of d.'l.met.hylglyoxime Digest
the mixture for 10 minutes ) then filter. Disca_.rd.ij.he palladium precipitate.
. .7. To the filtrate, add cuffic'iel:;t conc..HCl to make the solution 5 N

in HCl. Then, add 10% SnCl, solution dropwise until Pt"'l‘L is reduced to

2
2 (fiote 9). ' _

8. Extract Pt from the aolution_by adding en equal volume of butyl
acetate and sh_ai_cmg the mixture. Repeat the butyl acetate additlon and
extraction at leact ozice_ more . Separate thc 'pha.seo ; discard the organic
phase(s). | _ : '

9. Make the aqueous phase alkaline with_é K NaOH, boil the solution,
and saturate the colution v_rith.Has. Acldify the solution l:y"‘ adding conc.
HCL dropwise to it during the sulfide saturation. Filter.

10, Diesolve sulfide precipltate in aqua z'ogi.a, add 2 ml of conc. 'Easoh
and boll to fumes of H,S0, (Note 10). Cool, repeat H,80), addition and
11. Cool the solution, dilute to double volume (Fote 11) with vater, |

then boll and precipitate rhodimn metal by adding TiCl,

3 solution dropwise

until a slight excess 1s preaent. Filter.

12. A_dd‘.-su.fficient conc. HC1 to the filtrate to make the solution 0.5 K
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PROCEDURE. 6 ( Coritimusd)

in HCl. Cool in a.n, ijce bath and add sufficient eupferron soiu;cion to precipi-
tate titanium cupferréte. - FMlter..

'13. Heat the' £11tfute to boiling; cool, then meutralize to & brom- B
cresol purple end-point by a.dﬂ.'l.ng saturated na.ﬁco3 soiution dropwise. .
Then, add emall portions of solid sodium bromate to the solutlion until
no ﬂ:rther IrO ie précipitated .

ik. Dissolve the 1':0 in 1-2 ml conc. HCl (Rote 12). Precipitate
metallic Ir from the solution by adding pomiered zine metal (Note 13).

15. Weigh the Ir to determine chemical yield Mount for cou.nting

IV. Measurement of the Ra.dioactivity and
Calculation of Steble Iridium Content
of Test Sa.m;gle

194

1. The Ir]'g2 or Ir radioa.ctivity in 'both the test and comparator
samples may be assayed elther 'by beta or gamma counting Use a
Geiger-Mueller counter for bets measurements and & gamme scintillation
counter for the gamms measurements (Note 1h4).

. 2. TFollowing the re'.dioactivity measurements, correct the observed radio-
activity for "loss" of carrier during the experiment, half-life of the
iridium isotope and the sample weights of both the tést and comparator Ba.mples.
(Note 15). A simple ratio of these corrected radiocactivities becomes a
measure of the.amou.ﬁt- of stable iridium in- the f.ést 'sanxple:

Corrected Ir7° (or IrlghL

in test sample.
- 192 191*)
Corrected Ir”  (or Ir radicactivity in comparator

) rediocactivity '

% Ir in Test Sample

1. Use at least 0.1-0.2 gram portions.

2, Use at least 5-10 milligrams of Hydrated iridium oxide or
Fa,IrClg-68,0. | ‘ ' o

3. The 1limits of measurement for determining j.ridium by this procedure
is about 0.0C5 micrograms. '

_ k. _Standardizad. to contain at least 10 milligrams of iridium per

milliliter.
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PROCEDURE 6 (Contimued)

5.'. 'L'heeea.re ﬁoldbaé.ks, 'or'scavensl.ng carriers, made up to contain
'5-1.0 milligrams of element per mi]_.lilijter. Depend.'l.ng upon ty'pe of sample
meterial, ane of these carriers will mot be required; other elemental
carriers mey Le added. _ -

6. Flask equipped with air entry.

7. Ru carrier expelled here.

8. Gold carrier extfaetea here.

9. Solution will become red in color.

10. Sulfides must be completely converted to the  sulfate complex.
11. - Additional vater may be sdded. '
12. Additional rhodium carTler may be added here and steps 11 and 12
repeated. | ] .
13. Powdered ma.sn'eéim;i or sluminum may be used instead.
. lll-._ G@-my energy ﬁiscﬂ.min#tioﬁ mey be u.aed heré.

15. Decay measurements may be fo]iawed, :I'.f.'required.
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