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FOREWORD

The Subcmemlttee on Radlochemlstry Is one of a number of
aubcommltteee working under the Committee on Nuolear Science
within the National Academy of Sciences - National Research
council . Ita members represent gcwernment, Industrial, and
university laboratories In the areas of nuclear chemistry and
analytical chemL6try.

The Subccmmlttee has conoerned Itself with those areaa of
nuclear sc5.encewhich Wvolve the ahemist, such as the collec-
tion and distribution of radiochemical procedures, the estab-
lishment of speciflcatians for radioohemhally pure reagents,
avallablllty of cyclotron the for service :rradlatlons, the
place of radlochemlstry In the undergraduate college program,
etc.

This series of monographs has grown out of the need for
up-to-date compilations of radlochemlcal Infomnation end pro-
cedures. The Subconmd-ttee haB endeavored to present a serlee
which wI1l be of maximum use to the working scientist and
whl,ch contains the latest available Inf’omnatlon. Each mono-
graph colleots In one volume the pertinent Infomatlon required
for radiochemlcal work with an Indlvldual element or a &oup of
closely related elements.

An expert in the radLochemiBtry of the partloular element
has written the monograph, following a standard fomnat developed
by the Subcommlttae. The Atomic Energy Commission has BponBored
the prtittig of the series.

The Subcommittee Ie confident these publications will be;
useful not only to the radlochemist but also to the research
worker l.nother fields such as Dhyslcs, biochemistry oP”medlclne
who wishes to uOe
~roblem.

radiochemical-techniques to eolve-a speclfla

W. Wayne tletnke, Chaiman
Subconuni.tteeon Radl.ochemlstry
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INTRODUCTION

This volume which deele with the radlochemlsmy of Irldlum
13 me of a Berlee of monogrepha on radlochemismy of Che elements.
There Is includ~d a review of the nuclear and chemlcel features
~f particular interest to the radlochernlst, a discussion of prob-
lems of dissolution of a sample end counting techniques, and
Zlnally, a callectlon of radlochemical procedures for the element
as found In che Mzerature.

The series of monographs will cover all elements for which
radlochemlcsl procedures are perttient. Plans Include revlslon
of the monograph perlodlcelly as new techniques end procedures
warrant. The reader Is therefore encouraged to call to the
attenrlon of the author any published or unpublished macerlal on
the radiochemlstry of Iridium which mlmt be Included In a revised
version of the monograph.

iv
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Tk Radiochemistry of Iridium

G. W. LEDDICOTTE ●

ClakRi@e National Laboratory
Oak Ridge, Tenwssee

I. GENERAL REFEFXNCES ON THE IUOK!AHICAHD ANAWIXC/&CHlmImm C??mIDIm

Sidgwl(:k,N. V., The ChemicalElemnte ami Their Comp uude, p. 14AIIS28,
Oxford University Press, London, 1950.

Kleinberg, J., krgersinger, W. J., Jr., e+ Gtiswold, E., Inor@c
Chemistq, P o 576-filj HeathB %ston (19@).

Req, H., ‘%eatise on Snorgenlc Chemletry,Volw3m1, p. 334-337, Kkievler,
Amaterdem (1956).

Schoeller, W. R., and Powell, A. R., The Analysis of Minerals and tie of
the Rarer Elements, 3rd ed., Griffin, London, 1955.

Bmmish, F. E., ‘A Critical Review of Methuis For Isolating and Separding
the Six Platinom Metals,” Talanta & p. 1-35 (1965).

Scott,w. w., Stadard Methodsof CMIUicmlArlalysic,VoMum 1, pp. 712-728,
Van Ndetrand, New Yo?k, 1939.

Hillebrend, W. F., Lumiell, G. E. F., Bright, H. A., and Hoffhenj J. I.,
Applied Inorgauic Am@ is, Jobn Wiley, NewYork, 1953.

Rodden, C. J., klyt ical Chmdstry of the Manhattan Project, pp. 3-159,
483 and 491-493, Mc&aw-Hi~l, liewyoI?4(1~).

II. lMDIOA~IVE NUCIJD!ZSCtFIRIDIUl

The radionuclideaof iridium that are of interestin the rsdiochemistry

of iridium me given In Table 1. This Mle has been completed

tion appearing In reports by Straulnger, et al
(1)

and by Hughes

from hforma-

and Hemy:2)

*Operuted for U. S. Atmnlc Enerw Camnlesionby Union Carbide Corpmation
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Rad30-
nuclide Half-1ife

#87

+EM

+9

#-a

~r192

~rlgm

#94

+95

+96

+’7

+$8

III.

11.8 h

41.5 h

3,2 h

1.42 m

74.37 d

TABIJ?I

l!HERKOIOACTTVE NUCIZDES OF IRIDIUM

Mode
of rkcq iker~ of Radiation

EC, 6+ !3+2.2
-1.3 abs

EC, ~+ p+ 2.0
-1.8 SbS

p, EC p+ 1.7

IT 0.057 SpectConv.

E(2,p- ‘ i3-
7

5.7 x 10-9 E m 7

19.0 h P- B-
7

140 m B- ‘“ B-
7

9d P- D

7m P- P-

45 s .B-”” B-

0.67
0.136,O.ml,
‘0.206, 0.296,
0.870

0.065

2.18, 1.g9, others
O.~, 0.z6, others

1.8 abs
O.kg, 0.84

0.08 Sbs

1.65, 0.6 aS

3.6 abs ‘
y 0.78

Produced By

Re-a-2u, Re
185

-CM%
os-&3n

Re-
v’

Re-c+3n,
Rel 7-&3n, Os-d-2n

Re-en, Re’87-c+n, “’
Os-d-n,Os-d-2n

Ir-n-y

Os-d-2n, Ir-n-y, Ir-n-2u,
Ir-d-p, Pt-d-a, Pt-Y-Pn

Daughter 0s193

Ir-n-y, I;-d-p, Pt-7-p

Pt-7-p, m-n-p

Ft-n-p

Pt-7-p, Pt-n-pn

Pt-n-p

TEE C~ OF IRIDIUM AND ITS APPLICATION 73)TEE RADIOCHIMIS!EKYOF
TEE ~ItM RADIOBUCI.JDES

Radiochemistry is probably best described as being an analjsi.stechnique

used primarily either(l) to aseist in ubklning a pure radionuclideof some

mpecific element in a suitable form so that an absolute =aeurement of its

radioactivity,radiation energies.,and half-life can be made, or (2) to deter-

mine the smiountof mdloactivi~ of a ~icular mdi6elenwit h a radionuclide

mixture, or (3) to cmnplete”a mldloactivationenalyBlstiingused ta determine

the stable‘elementconcentrationin a ~icular samplemiterial. In orderto

be an aid in”accomplishinganyone of the above intereets, radiochemistry

usually considers the isolation of the desired radionuclideby either carrier

or c=rier-free sepamtion methods,

Generally, “carrier”methcds are used most frequently In radlochemistry.,

They involve the addition,of a small amount of inactive stable eleISentm a
i i

solution of the

of that element

irradiated material to serve se a &ler of the miionucllde

through the eepamtionn@lmd. “Carrier-free”separations

,2



ideasin em.lyticalchemistryinvmlviIIEneplrationaby euchmmhdn M preci-

pitation,solventext.mctloa,c~~m, vohtilization,ti~or ●lectro-

lyeisnad t-heoubaequentpresentationof the ioolatedrediaal~nt 10 a fom

ruit~le for a ~ of I* I%dio&wtiti@. When “carrier”techniques

- mbd) - x= Uf-= d-e t-t-o -“ochemism ad mom con-

ventionaleaalyain techoiqwa in that it is never alwaye Mceaoary to recover

cm letely the added zmonnt4 of “ctiar” ekt. kch radiochezlicdanal.ymie

is denignd to aemre that the a- of a ndiuaotive e-t acnieve en ieo-

wpic etate with the at= of tbe =tive ela - eny lom of the mdlo-

active epecieo is proportion.1 to the loee of “carrier” duJ+M the ●pam3tion

proceo6.

Colorinetric,polerogmphic, @ vollm3triC 8M1.YBiE technique are eeldm

ueed in mdi~stry becaue they do not ●qmrate the deeixed mdioauzclide

fmm mntcdmnte (either *oactive or stable) in the mx:uw being ~.

Hovever, mm? of the dsvelowentn ueed in theee aaalyBiE teclmiqum EW be uee-

ful for comiderationin r~ Iatry.

The follomlngInfmtion 10 Int.mdedto giveem gene= ideaof the be-

hatiorof itidim ead IM c~ thatmi@ be ueefulin devisingredio-

chemicalanalyeis=thode for tlM redionuclideeof iritii. More de-led infor-

mationcanbe obtainedfrcm the referencescitedin this ~Pb ,

A. The Gemrd Chemietry M Iridmm

Iridiumueuallyoccursae the nativemtal in *ination with platinum,

lxamium,* gold. It 1s 8180presentin =t-eOFitiCiron - in all of the

pi=tinumores. It IE ob~ fr< tlmae‘We =-8YJ by refimUq Pmceoaee.

3



1. Metallic Iridium

Iridiiun,ao a metal, is silverwhite andbrittlewith a distinct

crystalstructure. It is very hard and ie not very ductile. It has a

deneityof 22.65 and amltingp&nt of 2454°. When heated in air at a

bright red heat, iridium wilJ.vohitilize. Molten iridium will dlssblve

carbon but will not combine with it. When the melt is oooled, the.carbcm

separatee out as gyaphite. Ifidium can absorb hydrogen only when it is

electrol@ically charged with the gas ad in a finely divided state.

@ its chemical behavior, iridiwzmtel is not attackedby any acid;

however, It can be attacked by hydrochloric acid in the presence of air

and when heati under pressm at 125°. It canbe converted to iridium

dioxide, Ir02, by heating to a dti red heat in ea ~r or ~gen atmosphere.

Ir02 wI1l decompose agairiat higher taqperatures. It can be attacked by

chlorine gas when h:eatedat red heat and a double chkmide salt ie prduced

if it is mixed with scdiug.chloride and heated.

2. The Ccsupoundsof Iridium

Iridium exhibits oxidation StiteS Of O, +1, +2, +3, +4, end +6.(3)

The trivalent (+3) and the tetravalent (+4) stitee are the m6t @portant.

Mmy lode of these”s~cies exist”in solution with the ~ compmnda behg

the mst stable. The +6 oxide and its salts are Imown only in alkaline

solutions.

Both the simple and comphx trivalent ccaapoul%isare very similar to

those of rhodium (III). The chief cc&ounda of irkiitqa(III) - the oxides,

the halides, and many complex carpounde. The Ir (IV) compounds are mostly

anionic in species. The oxide, the halides, md a number of cmrplex eats

have been established as iridium (IV) cmpomda. Sulfide and carbonyl compounds

also exiet For Iridium (F!). Table II shows the selubilitiesof scam

of the iridium compunds.

a. The Oxide Compounds. The ❑iqple tripoeitive iridium oxide cm-

pound, enhydrous black iridium (III) oxide, Ir203, canbe fomed by heating

Potassium hexachlomiridate (IV/, ~[~1~ in

bonate. The hydrated sesquioxide,Ir203.~O?

the preeence of sodium car-

fomled by adding dilute alkald

4



c~pOtia

BKU@ldeB

Cbloridea

Fluoridee

Ioaides

ul

OxL&a

Formula.

IrBr3”kH#

IrBrL

IrC12

IrC13

IHX4

IrF6

Ir15

Ir14

=+3

Iro2

Table II. 9olubility of Iridium compoundE

Water Volubility
colt Eat

Very Soluble

Soluble;
decmpoaea

Soluble

Ineoluble

Soluble

Deccanpaes

Slightly eoluble

Ineoluble

Insoluble

Insoluble

Imoluble

Ineoluble

sulfate xrp(~k)~-~ Soluble

Sulfides IrS Insoluble

Ir.-j33 Slightlysoluble

IrS2 Ineuluble

Ir(~)3”~ baoluble

Ineoluble in alcohol

Soluble inal-cobd

Insoluble in aclda

Insolublein aclda

Decorg@e~ solubiein alcohol

Decolnpo8es

and alkali

and alkali

and dilute HCl

Soluble Slightlye.olublein alcohol

Insoluble Soluble in~; insoluble.inal~hol

Soltile in H@304 and hot ECl;
ineolublein alkall

Soluble In acid andalkdi

Ioeoluble Insoluble in acid mdalkali

Insoluble 8oluble in wi

Soluble in K@; insolublein acid

Soluble in HF+andK#

Soluble in qua regia; ineoluhle In acid

Soluble iU~3



to a solution of p tamim heaachlomirida~, (~)~ ~ ~1~, in M ataa3s-

phere of carbn dioxi~canbe oxidised by air to the dioxide. Uhen hea~, J

fi203 Uill decmpae b Iridilm * and ht$2.

I15dim dioxide, 1~2, cm be ~ed by henting(d -t 1070°)~md

iridium * in air or oxygen. Dismoietia uIU occorat hi@er _mtuxus

ati remlta In the fo~tim of mstallic iddi~. ~ (3) notes that Is -baa

been aammad that l~um dioxide could fom welJ defimd c~ with atmllg

basic *S; huuever, latir studies ehou these am * adsorption pmtuc-.

A k@BILtS fonu & Mdium dimide, Ifi2.~0 or Ir(OH)4,c.=b= ~

by heatinga soluti~ of sodi~ chloroiridate(1~~ ES3 pl~ , Uithpotsssim

hydroxide. me i@zwJaYis vary imeol.libleYn WI Solutioms,but reedU.y

solublein acids. !IheanbydMu fom in insoluble ti ~3 ad ~~; it can be

diseolved in Hcl to fom the Cc4alexacid,q ~ .

m iridim &de cagoude of the mldatia Otatesof o, +1, +2, and +6

am hazl.

b. ‘me Wde c~ . Chla5de, brmide, ad iodide C~ Of

Ir(~)me knoun;the flumlde ~lwmtbeenprepaml. A@dlUle

ifidiumchloride,Ifi13,has - prduced by a directumionof chlorinewith

iddium H= -ted h -t 600°. IQdn3ted~S, brmides, and Iodidms,

SU~ M =3.q% ~3-~OJ @ fi13-40J - ~ by Bix.i43 Soluriala

d? th mtd 8eS~# -&J -th m- ‘*. m -w

chlorides m dissolve in vater to RUV3UCe dark m midlc oolutione

indicatinganiaic ccaplaxeeof ~ ad iridim. All d the Ifidilm

(111) halidas -l de~e at ●lemtad ~mtume b fom the lmmr

halides. Cmti- btillg VIIJ produce the fme *.

~- the Ir (IV) o~, Ifidlm ~wdde md Iridim t-

cblofide are the ooly halide cmpnmda that have beau chamctetized. IrF4

is prulucedwhen zhe bexafl~de, IrF6,is -ad with -red met=.1at

~ q~t- of aboutl~”. Mlb is foIUd by the =tion of aqua mgis

on ammxhm haxachloroiridate(IV). Imth of thesehalide~ m

--b- “ 1=4’ a =- noEvolatileoil, canbe de~ed by ntrong

heatingto give lowerfluotides. In uater,it will de~e mpidly to

- bwim- dioxide. w+ loses Wam - cbloKble WhQ Sently has=.

6



The

solid by

com@9ed

and HF.

Irldiw (VI) halide compound,

a reaction of the elements at

by water tQ evolve oxygen aud

IrF6, is obtained as volatile yellow

temperatures of 2c0°. T? can be de-

ozone ad to form the dioxideh@rate

When treated vith chloflne, IrF4 and chlorine monofluori~~ m formed.

Reactions with _gen ~ till produce Iridium metal.

Irldlum (I) 1s known only in the form of the halides IrCl (r&), IrBr

(brown), and IrI (black). ~ are the products of ’thethemal deccmpoei-

tfon of the trihalides and they are very insoluble in acids.

c. The Saide, sulfate, and Cul%onyl Cmpounda . The sulfide ccaupoundE,

lrs~ 1r2s3J W ‘s2’
are formed by the dim,ct union or the elenmnts. The

sulfate and c.w%onyl ccsnpoun&, such as X4 ~r(Clf)~ W ~6 ~r(~3)~ -10H20~

me complex Iridium ccsnpounds.

d. The Complex cOMpOwiS. Itid3um (III) produces numerous complex

coIrcpounds. All exblbit a coordinationnumber of 6. All of the iridium (III)

complexes, except those for the halides, are inert to mbstitution end form

CWPOtis closely resembling the rhodium (III) ccsnplexes. The chloro cm-

plexefi,M3,@~ and l.$~rCl#320] , are umslly obtained oy a reduction

of the corresp@ing iridium (IV) conqmund.s. me bmnu and iodo forma -—.

aleo obtained in the saxa umnner.

The main class of the It (IV) coniplexesare the hdomn CCZOWUU~. me

chloro complexes are prcduced either by the reaction of chlorine on a heated

mixture of iridium metal and alkali metal chloride or by t?ieaddition of an

alkali metal chloride to a solution of hydrated Iiidlum dioxide in HC1.

Ir (IV) bronm complexes are usually pres by adding the alkali m~ bro-

mide to the HC1 solution of If12. Fluoro coiupouods,such as K2 ~rF~ and

Pb ~rF6], ‘&e usually produced by heating a ~ure of ifi~~ ~tal @

K3HRF8. No iodine comptixes sre kmw’n. Ccanplexamaine6 and oxalcitishave

been identified but not cmterized.

B. The Analy-tical chemiBtry of Hidium

~ollcming its Ifiolation snii separation fran other elements, iridium,

like all of the other platinum metals, is usually det-=fined gravhetrically

ae the metal.(4’5) Fonnlc acid or sodium fonnate will reduce it ta the



I!letd.lic State.

displace it Prcm

The retie-w

Powdered zinc, aluminum, or magnesium

solution.

i, lXlchrlst(6) and Wdsll(’) afford

on !mnY of the =thoda that can be u.aedto isolate and

the other platinum metals from other elements and from

cm also be used to

excellent mmmmr iea

each other. Mmy of

these methods are suitable for use by a rsdiochemiat in hia s&ratlone

of the Iridium radlonuclides and nmet of them are considered in the geneml

Information that follows:

1. separation By Precipitation

Precipitation tith hydrogen sulfide from an acid solution
(4, 8)tiu

separate the platinum mstals frmu moat of the otherchemical elensmte.

Silver, copper, csdmiwm, mercury, inilium,germanium, tin, lead, an3enic,

anthony, bismuth, nml@denum, “seleniwn,tellui%m, and rhenium can interfere

in this sepxmtlon. 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’furthe~ meactione of the platinum metale with

other reagents. !himinl and Sah.ria(9) have uded the aolublli~ of iridium ‘

sulfide (and the other platinum m?tal sulfides) in alkaline solution h

separate them from many other chemlced.elements.

In a very early investi~tionby Leidle
(lo)

It was shown that a diges-

tion of the chloro compmnda of the plattiummet.ah with sodium nitrite

wowld convert these ccsapunde tito soluble stable nitrite complexes so that

such base metals as gold, co~r, zinc,“etc.,could be removed from the ti-

ture by being precipitated as oxides or hydrated oxidee. In later atudieB
(11,K2)

on this method, it was found that rhoddwm, tiidlum, plntlnwn, rutherulum,~

palladiumcould be Isolated by reconverblngthe nitrite compounds to the

chloro forms before be&g precipitated with such reagents as amnmnium chloride.(lo)

Blaclosare,et al
(13)

and Gilclwist(14)have shown that Ir* (as well as .

0641, ~+4 4, and Pt ) can be separated frcm many other elemnte .ssanzmnium

chlomifidate. This cmpound can be calcined to produce iridium metal.

Gold can be sepated frcsniFIdium ad the other plathumnwtils by precipita-

~ (15)tlon msthods using such reagents ~ fenuue sulfate, sulfur dioxide,
(4)

“8



oxalic Sciilyhxwhona,(”~‘tetraethylinmoiumChlorlde,(17j
Snd mdlum

titrate. usually the choice of reagent 1s dependent upon the separation

procedure to be ~olbved in the subsequent aesw of the solution for iridium.

*~Eh(7) rep-arts that Irldius (and palladium ad rhodium) cnn be

sepemted fmm platihum by a controlledhydrolyeis of their chloro complexes

(19, m) ~~r a- Omliinu -h the ‘presence of “brmate. 13ilclmLst,

ruthenium by distill.ation,oxldlzed Ir, Hh, Pd, - Ft to their higher val-

ence states and hydrolyzed the solution with scdium t@rogen carbonate ta

PH6-6to precipitateIr, Fib,and M aud separatetheDJfromH +4. Wan(al)

also segted platinum frm lrldium(andAu, Pd, and R@ by a hydrolytic

separation. L@@ and Morris,(=) Ming radioactive h’% tracer and the

techniques developed by Pieieon(23) ~ -U(24,25) concerned with the

separation of Pt, Rh, Ir, md Pd with calomel and hypophosphcmw acid, showed

rhodium could be sepamte,d f- ifidiwn if bromide was present. When iodide

w present, the caloml salts and 8cid slurry quantitatively seprated the

iridium.

Irldlum (ss well as Pt and,Rh) can be quantititlvelyseparated from palla-

dium by precipitating palladium either with &lmethylglyoxime,(~,=w) or

~th ~titmso-bmphthol~ 31)
or by treating an acid solution of the metal

with sodium ~~~%titi .(=) Cold k alao been s~ted from iridium

by precipitating it with either ~t.hylglyoxime, (33) c+nltrof50-p-nimhth0~,(31)

or hydroquinone.(29) It has alsO been B?.Portedthat dintethylglyoximprecipi-

tations will se~~ platinm almet quantitativelyfmm iridium and the other

(33,3h) ~e~t~d ~ ~tiBh(15).non-volatile platinum metals. In their

studies on the isolation of microgram amounts of platinum and palladium

by reduction with tellurium metal powder showaU that tidlum would also

precipitate if an excess of palladiumwas present.

f+ccotii~ tO Beamlsh,(7) ifidl.um ad rhodium usually appear together

after the separation of gold, oamlum, ruthenium, palladium, and platinum.

In combination as the insoluble residues from fire-aes~ extmctione, they

me reslatentta acid diseolution. The residues have been put Into solu-

tion by such tecbnlques ~ chlorination in the presence of eodium chloride,(35)

or by a sodium pamxide fusion.(36)

,.
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. The ae*ticm of the tuo m- iy pmoipitatioo techniques 10 •~:

timee difficult.(7) selective ~one with fueed odim bieul.fate, (37)

reductiom of tbe hexmhlo ~ ,~~ ~~ _.~, (*) ~ofi~ ~~~ *&im
,.

Chloride end a fueion h lead at 1~at,$Kb95° wltb nmrcu.mue, o(b) ~w
,’

been ueed aa me”tbodeb” aqpamte rhodium ad irl&luq. O&mI@, thebe

methods are not capable of ,gmhievlngcomplete mepptime. 13ucHet(41)

hae ehoun that a quantitative❑e&ti& of “I-w ~ rkodlum could be

obki.ned by converting the metkle to.●ulfhte malti d then reducing rhdlum

with TiCl
3“

me excess tikdxn Uae ~ w Preoipititiwit with

Cupferron. Po~(W) W ueed TIC13 @ mrcaptobenaotbiazole ta reduce -

rhodium.and sepamte. it frm “iridium. ““
,,

Rhodium can also be mpe.mted frcm Iridha by a reduction d precipita-

tion grcm hex8nitllte Bolutimn by e@ium Eulfide.
(43)

Hew involv’egwith

the reduction of rhodium by &mua chlo&de,(43) w boi~.w i% With anti-

‘15)M) ~ ~ ~opper-r ~ Hcl,~oluti-(45JM)m&=tawetinEgo4 .,

l+ve aleo been used.tu EIepkmte it frm” ifi&m. Rbodim, “@her ite reduction

itidium by a precipitationwi&” thimicetanilde;
(47)

itidium being

recovered frm the filtrate ka “* sulfide.

“2..aepara “ti& m Voutility ,.

Iridium, like platinum, @J~, end rlmlim, 1s :non-vo&tile.&d

oemiwn nnd mthenitm “cm be i3epwMA frm it by uee of distillation

methde.(~)W-la msioved ““ ““”fimt” by i dietillatioo I= M4 h a

nitricacid 190htiOn; rqtheti- ie theU “+ m Ruok r- a dilute ““

l?290ksolution-contain!insbmte. ti udletilled dxture then can be
,,

pmceesed for iiidium and tbe &her platinm tie by my of the.Methda

cited In this~o~ph.

“3* -talon I!&“.Kmtmiyeti

Rhodim&h beee~ted@ddepeited cmaplakum

electroly~ing a“❑Olutim of the tk mtale for 90 minutaa.

lov&ed == ptential ~(fmk -0.25V to -0.hOV).
(4a)

irid& w obeemed by & &utbom.

.:

cathode by

at a &duuu#

~iti- of

Hww&, it,vaanhoun that the addi-” ~~
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tlon of 3.5 g wmonium cnloqhle to the Bolution before electrolysisresulted

in a de~sftign of rhodium free fmm iridium.

4. se paration By Solvent Extraction

Some of the solvent extractionm?thcde descfibed by Morrieon and Friesen

can be considered for use in the mdiochemistry of the iridium redionuclides.

Ion Association w,tems. Et&l ether will not extract iridium (or

ti, ~: Os, mdw)f-,6.g ~~solutia(w) s!nd”tlulee~tem can be used

to sepa=te it frim AU+3, Sb+3, ~+2, Cd+2, d SU-. Oold has also been

49)

isolated and completely separated frcssiridium (Pal,F%, Rh, and Ru) by extrac-

(51)ting it inta Isopropyl ether friasa 2.5-3.0 g HBr solution. Iridium(es

well as Pt, Rh, Au, Te, ad smallamountsof Pd) can be separated frcm

osmiti and ruthenium solutions contained in fiC1-NR4Cl-SnC~by an

extraction tith amyl acetate.
(52)

b. Chelate C&lex *stems . ~ell(53) reports that iridium

and the other platinum metals in the qtivalent or tfivalent states

will not prcduce dfthizonates inveakly acid solution so that they can

be sepa~ted fmm the dithlzonatee of other elements by extracting the

latter inta chloroform. The phenylthioureacomplexes of Ir*, ~ ,
+3

RU+3, 0s
+4 +6+3 ~e+3, ~+2, NI@, and Cr

>Au,, can not be etiracted frau

a dilute HC1 s<jlution@th eitbr ethyl or amyl acetate.(*) ~M+2

*d ~+2 ‘
complexes complete~,extract tier the8e conditio~ while the

*+4
complex is only IW-%ially extracted. Iridium (ae well as Pd, Au, and

OSA) forms a colored complex with ephedrine hydrocNorid.e and can be

separated from platinum and rhmiium by extracting It fmsn a slightly acid

solution into carbon tetrachloride.(55)

5. CMwmatograpiy Sepaiationa

CL. With Inorganic Absorbents. Alumina columns and various reagenta,

such as benzidine,hwe been used to sepnrate the platlnum m&le in aqueous

solutions Prom Pb, Cu, %, nnd Hi.(56) Selective se~=tione of each of the

plutinum mtals from each other have also been accomplishedunder the ssnm

or similar COtiitiC)nS~fl),

4
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b. with IotiExchange Resins. +3II%IIuIU, as Ir. , can be

~+4 —
by flret adsorbing them fmm a tilute chloride polution

exchange resin, Ibwex-1, and then using 10 N HC1 as a column

Eepted from

on to the anion

chant.(x)

4 (end/or’~<) remainaon the~r+3 will deeorb frcsnthe columwhlle 1% Colulnn.

Iridium (and rhcdium) can also be separated from plattiumby use of the

anion exchange resin Pennutit E. S. in the hydroxide fom .&d 1 ~ hOH

aa the eluant!59) In this separation, sodium”oxalate was used to reduce

the Ir and Rh to the tetravalent stite, after which they were adsorbed

upon the resin; followlng the ~al of Ir and Rh by the sodium hydroxide

elution, the Pt was eluted from the column with HRO .
3

The chloro cnmplexee of II?,Pd, Pt, and Rh have been adsorbed and selec-

tively se-rated by NH40”H-NH4C1elutiona on a l)ovex-2resin cOIUIUn.(63)

Iridium hae @so been sepa~ted frmn platinum, rhcdium, and palladium by

(61)use of Amberlite ~-kll resin and elutiona with HC1.

Iridium has been ae~ated from platinum, rhodium,and palladiumby

use of a ~uex-x cation resin iohmn. ‘@) The chloride solutions of the

metals were first converted to the perchlorate fonu and passed through the

Ikm’ex-y column. Ir, Pd, and Rh adaorbed upon the column, while w passed

through. They wer& subsequently sepamted frm each other by eluting with

HCl Solutions Of varied ~l~ity. -nlcal. solutions and Amberlite IR-1OO

resin columns have also been used to separate Ir (l% and Rh) frcsnplati-

num.‘m’ 63’64) The cation resin, Espatite-K-V-1,in either the H+ or Na+

form, has been used tq s~ta the chloride ccqplexes of Ir (Pt, Pd, and

Rh) from those,of copper, nickel, iron, and lead.(65)

c. By Paper chromtogm~ Kember and Wells
(66)

. describe separations

of Iridium, platinum, rhodiw, and palldium in microgram amounts by use of

PaPer-striP ch~toez=phy and various solvents. UsinS hexone-pantanol-HCl

mixtures, seprationa of iridim, palladlum, and platinum, in ,thatorder,

were achieved. When Ir, Pt, Pd, and Rh were mixed and s-ted, the iridium

was reduced by the solvent mbrture and it separated with rhodium. Other

teEts in the ssue etwly showed that oopyer, imxa, ~ nickel could be

separated frm the pl@inum mekals by use of n-butanol eaturatedwith

3 ~ HC1. Burstal.1,et al (67) used cellulose columns - methyl propyl

12



ketone or qethyl ethyl ketone-HCl mixtures as solvents to sepazate gold,

osmium, platinum, palladium, rhdium, iridium, and”ruthenium in that

order frcm a chloride dystem. Staunous chloride was then used to separate

Pt, Pd, Au, end Rh and acetone-HClwas used to separate Ir. Ledereri26)

ad Payne(o) also eepan+ted gold, iridi~, platinum, palladium, rhodium,

and ruthenium, in that ordkr, by a similar system. Cellulose COIIJIMIS

pretre&ted with auch”eolventsaa hexone-3$ HC1 have been ue.edto sepamte milli-

gram amounts of l%,,PdJ Rh, and Ir frmn each other and frcnzIron, copper,

zinc, nickel, and mercury.(70) Pt and Ir were separated together frcau

the mixture and frmu each other by use of reducing conditions in order

to decre=e the mobility of iridium on the COIUUUJ.

d. By Electro-Chromnto~p hiC Methcds. Mn@zlar end ChWabsrtty(71)
.,

report that the platinum ns?ws can be separated from each other by a

electro-c.hmmatographytechnique using a potential of 150 volts and differ-

ent electrolytes. I&me- chromatographyand horizontal electro-

cbromto~phy have been used to separate F%, Pd, Irj and Rh.
(72)

IV. DISSOLUITON OF SAMPLES ~~ IRIMW

All of the platinom metA.e except @ledium resist attack by single

mineral acids.‘7). Selective dissolutionmethods to separate base metals

from materiab conti~iningthe platinum metals have involved collecti~

precipitatiotrbyzinc or iron and subsequent attack nlth HIR33* HC1,(73)

(74)
concentratedH2S04 and sUl~j aqua regla,‘39S75) sulfide fusions,‘76#m) ;

leaching ad amalgnmtion. (79) Many procedures involving “fire aaBayn

methcds of isolating the platinum metals from oree are known.(7) Typical

of newer methods of fire assay is that propsed by Plw.wner,et al.
(&J,81)

In geneml, it conaisteof preparing a base nz?tslalloy buttan by reduc-

tion with mechanically mixed carbon, sodium carbohate,bo~, and ore;

base metal oxides are added, if required. !Fhereduction was caz%Led out at a

temperature of lk# md, after its pre~tion, the button was dieeolved

in HC1 and HN03 after which the platinum metals wer& extracted by methods

similar to thoEe described elsewhere in this nmnograph,

Any one of these dissolution techniques can be adzpted for use in

the rsdiochemistryof the iridium ~onucudes. W addition of iridium

13



carrier to the

an exchange of

ndxt&e before dle.aolutionbe@e will easiat In achiwing .

the radioactive@ inactive iridium atoms.

v. EiWE?IYPRACl?IC!llS

Adequate safety precautions should be followed in dlssoltig any eample

nn3terlal whether It is radioactive or non-radioactive. The mnual by Pieters

and Creyghton(82)16 one of seyeml that I’@&. on”the toxicol~ of moBt

inactive elementil compmnds. Such a menual m this Bhould be consulted

before any nn&lysis is under@ken.

Safe practices in handling radioactive sample meterlals are always impor-

tant in radiochem.istry.The diecharga of radioactivityby explosion or

wolution Into ,alaboratory area can be hazardous and can result in wide-

spread contamination. ThuB, 8- source of tiomation on sefe-handling

practices for processing radioactiveunterlsle should be consultedbefore a

radiochemicalanalysis is begun. Information on i3uchpmctices appears in

the Oak Rtdge National Laboratory~E i!aetirAnalytical Manual
(83) and in the

International.Attic Ener~ Agency’s publication, entitled “Snfe-HandMng

of RsdiOitiotopes.
“(84) May other eimflar eources of ~omatlon exist

and should be consulted.

VI. COUNTING.TECZINtQUESFOR TEE &DIOA_ IRIDIIM lWYIWES

The analysis of ssmple -tetiale containing iridium rndionuclidesmay

be ccanpletedeither by ‘edirect (non-destructive)tiaeurement of the r-o-

nuclldes in the irradiated sample or by ob&%idng the redionuclidesin some

i’ormby mdiochemlcally processing the ir@iated sample. The use of either

technique is dependent upn the specific characteristicsof the Iridium

radioisotopebeing measured, i.e., its half-life, the type radiations it ..

emits as it dec~6 and the ener~ of these radiations. The ease with vhich

a non-deetructivs analysis nu&mi cin be applied is most frequently influenced
,,-

by tineradioactivityof the sample wtrix containingthe iridium mdionuclide.

If this presente a considerableinterference,then the sample must be pro-

ceesed rndlochemic~lly.

Table I of tws nmno~ph

the known radioactive isotopes

shows the nucle= characterleticsof each of

of iridium. The redl~titity of these can

14



be measured by either standmrd Geiger-Mueller,gamsuascintillationor prapor.

(85-M ) me ~ ~atlo~ from Irl*tion81 counting techniques. and Irl*

have been used in a non-destructiveradioactlvationanaJ.ysism?thod to deter-

mine the iridlw content of.alu.mhum foils,
(89)

!@d,(’g) platinum, and ‘

rhodium.(~)

VII. RADI-!ICAL PROCEI)URESFOR ZPLEIRIDIUM RADIORTJCtiS

Although no apecific carrier-free se~tions of the iridium radiondclides

appear in the current literature, it should be possible to use ~ Of the

solvent extinction or chr~to~phy nmthode repxted elsewhere in this molp :

graph to serve aG .snwane of obtaining ementially catier-free rdloactive

iridium. Meet of the carrier radlochmical proceihrem have originated

fmm fiveatlgations concerned either with the preparation of radioactive

itidium tmcers, (93, *)
B-ti031 of iridluul radlonuclidesfrom the

fission products,(93) or the 5etenninationof amll sanountsof itidlum

by redioaetivabionanalysis.(95, 96)

rhodium chloride,(98) @Edium,(~)

J%) have been analyzed ~or trace

methods.

Plathllll,(~)

deep sea se*ntsD(*) and ~per

iridium by radiom.ctivationanalysis

In thg procedures that follow, ~ornmtion is “@ven about the cpecific

uae of the procedure, thm type of material anslyzed, type nuclear bombemi-

ment, etc. Whenever ~ssible, a statei@nt is made abut the decontamination

lyels achieved by the particular procedure cited.
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“PRWEDURB1

Procedure used In: pre~tion of radioactive iridium tracere

Methcd: Solvent extraction

Element Separated: Iti,diumradionuclidee

Type Material Analyzed: Iridium Foil

Type Nuclear Bombardment: tin cyclotron (& ener~ protons) ~

Procedure By: Thczmpeonand Rasmueaen (F@mrted by Meinke(93.))

Separation Time: 1 hour

Glemical yidd of Carrier: U50$ ““

Decontamination:
~2

Equipment Required: standard

Procedure:

1. Make a melt of KQH and KN03 (appmx. n-.5O, not critical) in a e&ll

porcelain crucible, hegting.strongly over a Fisher burner.

2. To this hot flux add the target ir metal, continu to heat (ad

adding KOR M volum of fl+uxgets too emsill)until the metal.is completely

diesolved. (For a amll etrip of lmil foil thla should tie no longer than

5-10 min.)

3. Allow flux to cool, then leach for -5 min. wi~ cone. HC1, adding

Au and,Pt carriers in smll enmunt. (Ir gives strong blue colored solln. )

h. Extract twice with ethyl acetate ta remmve Au.

5. Add a little SnC12 eolutlon in IIC1to the nqueous phaBe until a *k

~d colo~tion (H2HClb ) i“idicatesthe reducticm of Pt from +4 to +2 state

ie complete. (Seeremarka.)

6. Extract the red cdorati& (Pt) into ethyl acetate. Waah organic

luy& twice with an equal volume of 3 ~ HC1.

After complete renmval Of Au - Pt,lr C= be extracted 2S

7. Reoxidize the aque&a phaae frcm above by addition of a

amount of 30$ ~02 . (reappearanceof blue Ir~ coloration.)

8. Add a little Nli4SCR solution. (Blue changee to pink.)

A precipitate Of (Ir)x(SCN)yfOrMZ 51.OW~. (The r=te of pptn is

folloue:

emall

slow

enough that one may make use of the fact that the pink ccmpound is extract-

able into ethyl acetate.)
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PRbcmKIRE 1 (continued)

The extraction of th& PM ccmpound has the advantage of quickly rermving

the Ir from the original solution,which usually ha enm@ silica dissolved

(frcm crucible) that the whole solution will gel if allowed to d,and.

The pink ~ ppts from the ethyl acetati on skndlng.

Remarks:”

As must Ir folk con~ine about .1$ Pt Impurity, it 1s,well to provide a

step for exlmaction of #m &ctitities, whether or not the Au is desired for

latervork, even if it is simply a proton-~d Ir foil.

On SnC~ reduction, the strong blue coloration of Ir(+6) disappears,

permittingthe red of ~duced H2PtClh to be Been.

By epending more time leaching the meit in (3) and by using Eeve=l

firtions of leachlng ngent, the chemical yields might be made tit

quantitative.

Procedure Used In: Prepsratlon of radioactive iridium tmcer and sepration
of radioactive iridium frciuflsaiotlprcducts

Metincd: matillation, ~olvent extraction, and precipitation

Element Sepamited: Iridium Aionuclidee

Type ?kkerial Analyzed: Uranium uetd

Type Nuclear Bombardment: 184’ cyclotron (388-&V alphas)

Procedure By: Wolfe (Reportedby Meinke(93))

Sqarntion Time: *?O hours (when seprated with 1% and n)

Chemical Yield of Ca&ier: 3-5$

Decontambation: 104 (except from M)

Equipment Required: standard

Procedure:

1. Cut out the centrnl portion of the tirget snd boil”with

to dissolve it and to expelOe.

cone. HC1

2. Add5mgI-wdIO-
3

and boil the solution again to expel iodine.

17



PRocEouRE 2 ( Ccmtinued)

3. Add20zog Os, Ir,’Pt, and Au_ers plti20mg Ha, Ru, Rh, and

Pd carrlera. Wlthdrav a ~$ tiquot for later det&minationa of Ba, Hu,

and F&l.

k. Place the remsdning aolutlon In a ~clal all-gl=as distilling flask

havinga thl.stletubeeritryand an alr entq. Add concenkted lU?33tbrougb

the thistle tube, and distill 0s04 Into 6 ~ lfdXi in m ice bath. (Save for

0s determination.)

5. Place the residue fromthe 0s distillationin a beaker, add 10 ml

70$ HCIOh and @il the sblution to -D ~ HCIOk to expel Ru.

6. Mlute the solution, add 5 mg more Ru camier, and 5 mg more 1- and

103-

wlth

and repeat the fun&.
I

7. Add one ml dllute~HC1, dilute tie solution to h ~ and mctract twice

equal volume butyl acetate ta decontaminatefrom Hg aud frcuaAu.

8. Mlute the solution to -0.5 ~ in H+, add 5 ml dlmathyQlyoxha

solution (1$ In alcohol) and filter off the pblladim ppt.

9. Add cone. HC1 ta supn. to mka -5 ~. Add SnC~ d.ropwlseuutilthe

cherryredof Pt* is a~nt. ,,

10. Extractthe Pt with threeequalpxtiona of butylacetate.

11. mm the aqueous-r with HC104to preparefor tk riwidtie

extractionof Rh and Ir. (CAUTIOE: Sincethe solutioncontainsorganic

material(diuethyl@yox* ad butylacetate),C= must be takento avoid

an explosion.) Followingthe mthod of Noyesand ~ for destroyingorganic

material tith HC104, add m3 to tau solution, @WJ~te On a s*- bath for

one-half hour, thnn heat gently to fumss of UC104. ~ ~ ~titio~ 10 ~

Of Hclo4 and m “the solutionetronglyfor sae~ *tes to de~troy~

chloridecc@lex of ,~ and Ir.

12. Cool the solution,diluteto b ~ and add 20 ml pyrldlna.

13. Mll the solutionfor fiveminutes,placein a aeparatoryfunnel,and

add 19 ~ NaOH ta se-ate the free-b-e ~dine layer (the high concentration

of W3H is merely to keep the volurm

14. W=h the dark blue pyridina

10U).

layerthreetime with equaJvolumesof
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mcmum2 (-u-)

.,

pyllalllaoff. .

16. WE ,H#”Q& the lxMUnE alkaMne Eolutionfor Eevwml minu&e, while

the solutionin”,acidifleddropulaetit?.!HC1. qldes of”Rh ad Ir ppt.

17. DlsBolvethe ppt b a tittleaqpire~a, aml - stfongQ with cone.

H.#Jk to convert~ete~ to the,eulfate~.

18. Dilute& ❑olutlonwltb-tar -ty to m“, boll ad ppt w

utal by _ l!iC13,@ruplpeuntila Wry nliglitexcesoie preeent. ;“

19. Dilutethe“mum. (contelnlngIi) to 0.5 g In @; cool h Ice

ad ppt Ti with cqpfem=q. Filtar off.

20. Add5qti and Ptcl+.17dem and ppt~l?ll”dmg. Dlecaql.

21. Heat the s~t=t ta “boi~ and neutralize to the brmcreno~

wrp~ en+point titi lM~3 sOlutlOn, ad+g bte b oxldiae the iridim

up ta the pluk “fourstate. Hydrated ~2 is precipitated lea- Pt in nolition.

22. Diaeolve the ppt in a little oonc. ECIJ ad edd a fei mg of Rh canler.
. .

23.. m with ~sok - mpaat the Rh * ~th TiCl~ (stePe M-21).

Although the Tic13 .p@n of Rh iiavwo oniy @ 0,1$ of the Rh in t301utiom,Hh

rwtlvl@ my be 104 tlms ae hl~ WE that of Ir and hence a single a~ticm

=Y still leave ●eyeral t-s w much Rh actltity In solutionM Ir acti~@.

24. lu?terthe

Iti? by”addition of

25. Weigh the

Remrks:

Rh, Ir, cud Ft

and N foP a eemnd

the procedure.

Rh pptn, ppt MSUIC Ir frm the Hti solutionof tie

pw&ered magueEiium.

Ir to dete~ cbemlcal ylald and cut.

Bhould be Eqarated f- one ~nt ledng Oe, Ru

bcaibardumnttienn several ~le em cmpemting &

The yield of actiwity“of0s, Ir, ad Pt in v== low in ~eqm with

that of the other platinum metal-aE@ * other fiaslon products fomusd In

the balrbanlm!ent.!l!hlEfact necestaltates,for E ,- F-t,rlgorau - repsated

deoontcdnation procedures,which reeult in M c?mdcal ylelda. ,



~ 2 ( Conttiud)

ThIe procedure should be practiced several times
.

appwng it to a bonb=mimnt, since In several of the

..

befoms actually

steps the conditions

for separation em quite crlti@al. For this &aaon and for its pxm chemic~

yield, this procedure Is not ,~nalde~ a good procedure. To date, however,

it is the best procedure that ka been worked out for msklng the required

se~tlona. It is an accept&le procedure from which scms radioactivity

data may be ob~lfied

better procedures.

and can serve aa a starting @rrt for vork on other,

m3CEDUm3

Rocedure Used IO: Preparation of radioactive iridium tracers

Method: Distillation and precipitation

Eleni8ntSeparated: Iridium radlonuclides

Type Material Analyzed: Rhenl* nmtal

Typ Nuclear Bomlwdmnt: 6un cyclotron (37-Mev alphas, 9. 5-Mev Protons,
or 19-Mev deuterone)

Procedure By: Chu (Reportedby Meinke(93) ]

Se~ation The: 1 hour

Chemical Yield of C~er: 70$

Ikcontamination: 102

Equipment Requinsd: Standard

Procedure:

1.. Pour the Re powder inta the distilling flask.

2. Add 10”mg k c~er and clame the flask.

3. Insert the outlet tube of the flask into ice cold k ~ RaOH aoln. (10 cc).

4. Introduce 3 cc cone. SN03, through the Inlet tube of the flask.

5. Supply a little alr through the inlet tube ad heat the flask gently

for the solution of Re and the distillation of 0s04 for about 10 ndn.

6. Add 10 UISIr carrter to the Oa—remved “tar~t “ sOhl and e’v’a~rateh

dryness.



PROC!EDUR23 (Canied)’”

7., !bke up the reeidue titb 3 cc ~0 and add 5-6 cc cone. fomic acid.

8. Heat h bolllng SO bath for 1.O-15 min.

,..

PmXmmE4

ProcedureUsed In: Preparation of mdloactive irld.lumtracere

Method: Solvent extractionand precipitation . .

Elementseparated: Iridium radlonuclides

Type Material Analyaed: Platlnum

Type Nuclear Mahrdment.: Cyclotron

Procedure By: Gardner, I).6.(9), . .
Sepamtion Time: Several houm

Chemical Yield of Mer: --70$

Decontamination: .106

EqQment Requl@: Standard

Procedure:

1. The Pt target wae dissolved In boiling aqu” re@a and 3 IDSIr carrier

and 10 mg each of the folioving carrlere added: Cu, Hi, Zn, and Au.

2. The Bolution waa eva~rated to Incipient drynee6, diluted to lQ ml

with water mud 10 drope cone. HC1 added.
m

3. Au wae extracted 6-8 timeswith ethyl acetate. see Note 1.

4. The aqueoua phaee (yellov-bmxrn)waa treated with 1-2 dropm ~N ~ to

destroy N03. (Solutionturnspale.) See Note2.

5. Pt wcc reducedwith SnC> (solutiontume ds&p red)and extracted6-8

timm with ethyl acetate. *e Note 3.

6. The aqua phase w evaporated to dxyness with 2-3 ml aqua regia and

5 mg Pt carrier added. The N03 w remved by eddltion@ 20 dropecone.HC1

and evapxation to dryness.

7. The residue was dissolved in 2 ml ~0 and k drope 6 ~ HC1.



PFlocEmn7E4 (Cont~i)

8. The solution was maturated with so~d NH4C1, warmed to dissolve any

excees and cooled in ice for 0.5 hr. The red precipitate of Pt and Ir was

washed several ti~s with aaturate&NHkCl solution.

9. The precipitate was dissolved in hot water, end NEh+ remcved by
,,

evaporation to dryness with 2-3 ml -W regia.

10. The residue waa dissblved In 2-3 ml ~0 plUS 2-5 drops cone. HC1

end evaporated to dryness ngain.

11. The residue w dissolved in 6-8 ml H20 ~ made basic to litmus with

a few drops of saturated Na2C03 solution (solutionturns frcm brown to yellow).

u. The solution wee heated to boiling, 4-6 ml NeOBr solution (0.5 ml

1 E NHC03/1ml satuzated Br2 solution) added and heating continued until tne

solution turns greenish-blue. See Note 4.

13. 1-2 drope 6 ~ HC1 was added to the still warm solution end the solti-

tion digested until the Ir02 coagulated.

14. The precipitate was washed seveml ti~s with SO, dissolved in cone.

HBr and evaporated to dryness. The reeidue was disGol.vedin i{20ml IUOUDLCLI

for counti~.

Notes:

1. ~or both the Au and Pt extractions,aqueous phase
organic phase

New glassware wee used for the last extinction in

2. ?4etallicPt may precipitate frcsnhot solution.

= 2-4.

each ceee.

3. 1~ a red ~recipitite fonne, cone. HC1 .1sadded untilit dissolves. In

the presenceof a large amOUnt”Of ~ a series of ~ial reductions and extrac-

tioti to remove all the Pt is preferred.

4. The addition of a &p of llj Ii~C03 solution end/or saturated Br2

~olution may expedite the formation of the blue-green color.
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mOCEDmE5

Procedure Used In: Radioactivatlonandyeis

Method: Solvent extraction and precipitation

ElexcantSepmted: Irl* (~b d)

Type Material Analyzed: Plat~(97)

~ Nuclear Hcsub~t:
~rlgl

(n,y)Irl%

Procea@ Hy: Jowanbvitz, L. S., et al(97)

separation Time: Several hours

Chemicql Yield of Carrier: Quantitative

Mcontamination: Excellent from Pt195 and AulW

Equi~nt Required: Standard

procedure:

1. Seal

s:unpleB(Nde

powdered Pt mstul and hydrous irldlm oxide

2) in a quartz tube for the irradimtlon.

contparator

2.

3.

boil, or

4.

Irradiate for 12-2k houra in a reactor (Note 2).

After irradktion, dissolve platinum ssmple in uqua regia. Then

evqorate, repetitedlywith HC1. !t’reaaferta separator Ifunnel.

AdJust solution to 6 lJ HC1, then add 30-50 mg of Ir aE IrC16-2

carrier and an equal volume of ethyl ac&ate (Note 3) to the funnel.

Shuke; separate layers;diBcm% organic layer (Note 4). ?lepemtethyl acetnte

extraction at leafittwice.

5. TrtintiTerfinnl aqueoun solution ta a suit{iblccontainer; mid broa-

cresol purple indicator, then add sufficient sodium bicarbonate solution

until eti-point of brcm-cresol”purpleis obtilned.

6. Add 20 ml of 10\ sodium brcnuatesolution, then heat to boili~ ror

20-25 minutes. Add additional sodium bromate If necessmy (Note 5).

7. Cool solution, then filter throu~h a 19-mm. diameter S and S

Red Ribbon filter paper,by suction filtration. Wnah precipitate ud

paper sweral times with l? asswnlum chlorlde solution. Dly, nmunt

for counting (Note 6).

.9. Procee.ethe irradiated hydrous irbiium oxide com~ator s~.Ple

in the following msmner:
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a.

b.”

‘ ~5(cm~)

rkmolve in ‘& m and pipet &W*
,.

ooltitlai.to a“19-= fiitm paper. All&

to Waprati .

.,

diquot ofthe

&emolutiom

merl Ioolmtilt @ellma EMultleru- Uuimcmlfor
&ting O&e 6). . . .,,

1. O.I.Ogmm of R“ metal ad 0.5-10 milligmm of ccsupratar.

2. Irradiation made in CRY at Argome; @ &i iAdiati& in

- Graphiti”Reactar d190 ,uad.

3. 2atumltd with Hcl. . .

4. Contdne AUIW rfdioaetivity.

5. Solutionabwld be dnrk ~ or until“&cipitationm? iridium

~hbe-.

6. “A - mcintiltiti+ COUIltOr vaa uefd fa the metwpqaant of Irl=.

,,,

R-me&m Ueed h: RadloactimtialAial.yaio

Methd : Precipitation ..

Element Sap&&: Irl* (74 d)
,.’.

k “-*.”-’. %#:%Ha~iwi”’“= ‘h’d
Type mlclnm BmMdme@: Iri91(n,y)Ir

1P

Procedure By: Ehery anrl~ .(~ by Mddicottw)
separation,-: 2-3 Imxq

ChedCal Yield,of qer:. 60$
,..

Deco-.tlon: 1.05~ ~

Eqlli~ Requ* : S—kdud

Procedure: ““ :.

A. Iirmlaticm d“ A@ e Mate*

‘ 1. ‘Irre&e known“&untE “ofteet (~ 1) ad _tir “(Mote2)

.,
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.mn@es in a neutron flux Of

or longer (Note 3). Prepare

PR~ 6 (conthud)

11
at le~t 6.5 x 10 n/sec/cm2 for 62 hours

the test and ~atcm seiples for the

irradiation either by mapping each apclmen In aluminum foil orplacing

it In a quartz ampoule.

B. Preparation of IrradiatedMaturlals for Analysis

I. The Comparatar Sample

1. After the irradiation, quantitativelytransf& the comparator

snmple”(Note 2) to a 100-& volumetric flask. Dissolve in EICland dilute

to volume with distilled water. Shake vigorously to mix solution.

2. Bymeans of a l-ml volumetric pipette, tmnefer an al.lquotto a

second 10&uiJ.volumetric flapk, dilute to volunu?with 1 N HC1. Mix well by

shaki~.

3. Bynbeans of a volumetric pipette, plpat at least 1.0 ml from

this dilution inta a 12>ml volume distillation

of s=ardlzed iridium carrier (Note 4) plus 1

Ru, Rh; and Pd carriers (Note 5) ta the flask.

1 of Part III below.

II. The Test Samples

flnak. Then, add 2 ml

ti ench of’On, Pt, Au,

Then continue with Step

1. After quantitativelytranai’errhgthe irradiated samplea to a

125-ml distillation flask, process th&’hnaliated te8t samples in the

follovlng manner:

a.

b.

c.

Rhodium chloride: Dlaeolve in a mlnimom amount of waler.

Palladium Metal: Dissolve in aqun mgia. Heat to dissolve.

Paper ash and deep seu sediments: Add 5 ml cone. HN03 and

1 ml HC104; heat to boiling; add additional cone. ~3 if

necessaqy until sample la completely dissolved.

2. Cool the solution, if necess~, then add 2 ti,of s~ized

iridium cmrierlHote 4) plus 1 ml each of 0s, Pt, Au, Ru, Rh, and Pd

carriers (Note 5)~to the flask. men conttiue with Step 1 of Part In

below.
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1.

6 ~ NBOH

2.

3.

10 ml O,f

4.

5.

PROCEDURE6 ( Continued)

III. ~OChelUiCd Se~ Eition

To the flask (Note 6) add 10 ml of cone. hlF3
3

contained in .stube held in an Ice bath.

Repeat 0s carrier eddltlon and distillation.

Transfer”the resitiuefrom the dlhtillationflaak to abeaker, add

70ZHC10kand bollto fUUES ofHC104 (HOt-e7)”.

Repeat RU carrier addition U HC104 _.

Cool the solution, transfer to a sepratory funnel, and odd

enough cone. HCI ta make the solution 4 ~ in HC1. Add an equal volume

of butyl acetate and extract (Note”8) by shaking. Repeat butyl acetate

addition aii extraction. Discard the organic phases.

6. Ikllute the aqueous phase with water temake t~ solution O.5~

in HC1, then add 5 ml of 1$ alcoholic ~olution of M.me.tbylglytilme.Digest

the mixture for 10 mlnutea, then filter. Discard the palladium precipitate.

7. !IQthe filtrate, add mfficient cone..HClti make the solution 5 ~

in HC1.
+4

Then, add 1O$ SnC12 solution dxopwlse until Pt ie reduceato

Ft+2 (fiote9).

0. Ektract “R& from the solution by adding an equal volume of butyl

acetate and ehsklog the mixture. Repeat the butyl ace,@te addltlon and

extraction at least once nmre. 9e~te the “phesea;discard the organic

phase(s).

9. Make the aqueous phase dkaldne with 6 ~ NeOH, boil the solution,

and saturate the solution tith %S. Acidify the eolution ~y”s&Mng cone.

HC1 dro~ae to it during the sulfide saturation. Filter.

10. Dissolve sulfide precipitate in aqua regia, add 2 ml of cone. H2S04

and boil to fmeti of H2S04 (1’To~10). Cool, fepeat H#04 addition and

fuming.

11. Cool the solution, dilute to double volume (Note 11) with water,

then boil and precipitate rhdlumnn?h-alby adtUng TIC13 solution dropwlse

until a slight excess is present. Filter.

E. Add sufficieritcone. HC1 ta the filtrate to make the solution 0.5~

,
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in HC1. Cool

tate tltud.um

in & ice bath sad ndd sufficientcupferronsolutionto praclpi-

cupferr&e. Flltsr..

13. Heat thetfllthte ti boillng;cool,thenneutralizeto a brcsn-

cresol~le end-@nt by addingsat~ted l&HC03solutiondropwise.

Then,add smald.portionsof solidsmiiumb-te to thetsolutionuntil

no further Ir02 IB p+cipikted.

14. Dissolve the ~2 In l-2ml cone. HCl (Note 12). l?recipitate

metallic Ir fran the solution by adding powdered zinc metal (Note 13).

15. lJeigb the Ir to det+rmlne chemical yield. Mount for counting.

IV. Meaeuremnt of the Radioactivityand
Calculationof Stable Iridiug Cantent
of Test Saqple

1,. The Ir
lg2

or Ir194 radioactivityin both the test and comparator

samples my be assayedeither by beta or gasma counting. Use a

Celger-Mueller cqunter for beta &ss.urements and a gamma scintillation

couuter for the gamna maas~ ts .(Note14).

2. E’olloulngthe mdiosctivl~ maaeummnts, correct the observed radio-

activity for “loss” of carrier diuing the exparlmant,half-life of the

iridium isotope and the sample weights of both the test and comparator samples

(Hots 15). A slqple ratio of these corrected rdioactlvlties beccmes a

messure of the.anmunt of stable itidium in the test sample:

$Ir in Test

Correc~Irl% (or Ir194)mdioactivity

Sample =
in test saqple.

Corrected Irl* (or Ir193 radioactivityin ccsnparator

Notes:

1. Use at

9.. Use at

Ma21rC16.6~0.

least 0.1-0.2 grem prtions.

least 5-10 ndlllgrams of hydrated iridium oxide or

3. The llmits oJ?maasuremsnt for detemdning iridium by this procedw

is about 0.0G5 mfcrOgIamS.

4. standardized

mini liter.

to contain at least 10 milligrams of iridium per



PRo(!m.m 6 (Ccmthued)

,-
5. Thee-eare holdbe6ks,or scaven@ng c~e~, made

5-10 ~llie of element per milliliter. I&pending upon

,’

UP to conbln

type of ❑mple

material, sow of these carrlem “ulfinot be required; other elemental

carrieie may.be addefi.

6. Flack equipped with .zlrentry.

7. Ru carrier expelled here.

a. Gold carder ext-ctd here.

9. Solution till become red In color. ;

10. Sulfides nnmt be cmrpletely converted to the aull%te c~lex.

11. Additional water may be edded.

12. Additional,rhodium carrier ~ be added here and steps 11 and M!

repeated.

13. Powdered magueilug or mluminwn my be ueed hetead.

14. ~-y ene~ discriminationmy be uBed here.

15. lkcay W* urem?ntenmybe fo~, if required.
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