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FOREWORD

The Subcommittee on Radlochemlstry is one of a number of
subcommittees working under the Committee on Nuclear Science
wlthln the National Academy of Sciences - National Research
council . Its members represent govenunent, Industrial, and
university laboratorlea In the areas of nuclear chemistry and
analytical chemistry.

The Subcommittee has concerned ltBelf with those areas of
nuclear science which Involve the chemist, such as the collec-
tion and distribution of radlochemlcal procedure, the estab-
lishment of speclflcatlons for
availability of cyclotron time
place of radlochemlstry In the
etc.

This series of monographs

radlochehcally p~e reagentB,
for service irradiations, the
undergraduate college program,

has grown out of the need for
up-to-date compllatton’a of %adlochemlcal Infomatlon and pro-
cedures. The Subcommittee has endeavored to present a serlea
which will be of mexlmum use to the”working scientist and
which contains the latest available Information. Each mono-
graph collects In one volume the pertinent Information required
for radlochemlcal work with an individual element or a group of
closely related elementB.

An expert In the radlochetistry of the particular element
has written the monograph, followlng a standard format developed
by the Subconmlttee. The Atomic Energy Commlsslon has sponsored
the prlnttig of the series.

The Subcommittee Is confident these publications wI1l be
useful not only to the radlochemlst but also to the research
worker h other fields such as physics, biochemistry or medlclne
who wishes to use radlochemlcal techniques to solve a specific
problem.

W. Wayne Melnke, Chairman
Subcommittee on Radiochemlstry
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INTRODUCTION

This volume which deals with the radlochemlstry of osmium
Is one of a series of monographs on radlochemistry of the ele-
ments.. There is Included a review of the nuclear and chemical
features of particular interest to the radiochemist, a“discus-
sion of problems of dissolution of a sample snd counting tech-
niques, and finally, a collection of radiochemical procedures
for the element as found in the literature.

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

iv
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The Radiochemistry of Osmium

G. W. LEDDICOTTE
Oak Ridge National Laboratory

Oak Ridge, Temws$ee

I. GENERALREFERENCESON TsE INORGANICAND ANALYTICALCHEMLSTRYOF OSMIUM.

Sidgwick,N. V., The Chemical Elements and Their Compounds, p. 145&@8,
Oxford Unlversity Press, London, 1950.

Kleinberg, J., Argerslnger, V. J., and Griswold, E., Inoretic chaEtFy,

P. 565-X, Heath,ms~n (19@.

Renry,H., Treatise on Inorganic Chemdatry,Volume I, p. 342-3>1,Elstier,
hsterdsm 71956).

Beamish, F. E., “A CriticalReviewof MethodaFor Isolating and Separating
The Six Platlnum Metals,” Talanta ~, p. 1-35 (1960).

, Scott, W. w., ~t~ hkthOdS Of “ChetiCd MySiE, VO1- 1, pp. 7U?-7’26,
Van Nostmnd, Nev York, 1939.

Hlllebrand,W. F,, Luudell, G. E; F., Bright, H. A., smi Hoffman, J. I.,
Applied Inorganic Analysis, John Wiley, New York, 1953.

II.

Redden, C. J., Analytical chemistry of the Manhattan Project, pp. 3-159,
@3 aui 491-493, McGraw-Hfll, New York, (1950).

Schoeller,W. R,, and Pcwell,A. R., Tne Analysisof Minerals and Ores of
The Rarer Elements, 3rd Fd., Gtiffin, London, 1955.

RADIOACTIVE NUC_ OF OSMIUM

The radionuclideE of osmium that are of interest to the tiiocheudst

given in Table I. The Information tabulated IS ~imil= to that appearing

compilationsby Strmlinger;”et al,
(1)

and by Hughes and Harvey:’)

‘Operated for U. S. Atomic Fhergy Commission by UnionC=bide Corporation.
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III.

ueed

THE CHEMIS~ OF OSMIUM AND ITS APPLICATIONTO THE RADICKHEMISTRY
OF THE OSMIUMRADIONUCIJDES.

RadiochemlBtryla probablybest deBcribedas beingan analysistechnique

primarily(1)to assistin obtalnlnga pure rdiOnUclide of BorneBpecific

element In a suit-ableform HO “thatan absolute mesaurement of Its radioactivity,

radiation energies, and half-life can be made, or (2) ta deterdna the amount

of radioactivityof a particular radioelement in a radionucl-idemixture, or (3)

to complete a radioactivationanalysis being used to determine the stable ele-

ment concentration

ROaio-
Nucllde

08182

~H183

0s185

~~186n

OSlgh

#Qln

Oslglm

0J91

0s193

Hdf-
Iife

ii a particularsamplemateriaL. b orderto be an aid in

TABLE I

IWE ~10’~NE iUWIiES OF OSMTUM

l.fodeof

w Ener~ of Radlatlon

24.o h EC 7 0.510

L2.O h Flc y 0.3, 1..6

97 ~ EC y 0.648, 0.878

8 x 10-1o a ~ 7 0.137

6h IT 7 0.03’

9.5m IT 7 0.039, 0.187,
0.359, O.*,
0.614

14 h IT ““7 o.07k

16 d P- p- 0.143
7 0.L71J 0.L29

31 h B- 0- 1.1

Produced By

Re-p-kn

Re-p-3n

Re-d-2n, Re-p-n
Os-n-7

Daughter Re
186.

kughter 12 d Ir
189

Daughter 3 h Irlx

Oi-n-y

Oa-n-7, Os-d-p, Os-y-n

Os-n-y, Os-d-p, Ir-d-2p
; 0.066

accomplishing any one of the abwe interestB, radiochemiat~ usualLy

considers the isolation of the desired mdionuclide by either carrier or

carrier-free separation methods.
,.

Generally, “carrier”methodB are uBed nmat frequently In radlochemistry.

They involve the addition of a Bmdl .a?rwuntof inactive stable element to a

solution of the irradiatednmteriaL to serve as a carrier of the radionuclide

of that element through the Reparationmethod. ‘Tarrier-free”ae.parations
., ..

conno~ that no carrier is added. These radlochemicaltechnique are used
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6ilverf gold, Iron, and nickel. It is usually obtained from these base

materiale by a reduction proceaE.

1. Metallic osmium

Metilic osmium is a gray, brittle metkl

ness. It haE.a denBity of 22.7anda melting

form, it Ie”tisoluble in acids; however,

in fuming HN03 forming osmium tetroxide,

when

possessing a considemble hard-

point of 2700° c. h a compact

finely divided,”it is soluble

0s0~, which is hi@ly volatile.

2. The CompoundE of 08mdum

Oeudum can form compounds havlgg oxidation etates of +2, +3, +4, +6,

~ A.(3) me Os@ Iom,are un6table in acid. Such groups as Cl-, Br-, N02-,

--
dNH-

+3 +4
c204 ‘ rm, en

3
forg complex ionE yith 08 and 06 . Ions of 0s+8,

such aa perperosuclcacid,F$OSO, can existin hydrochloricacid. In

‘3 and 0s3+alkelineeolutiom, 0s can form oxideor,hydratedoxideccm.-

pounde. Many omnatee are known, although the trioxide of 08
+6

ham not

been i601ated. Owqyl compounds are -so known;,however, they readily de-

c-ose in acid solution. These compounds can be deac~bed in the follmdng

manner:

a. The Oxide Compounds of Oenlium. oa+4
is the mst stable oxidation

fitateof osmium. Its binary compounds include ostium (IV) oxide, 0E102.

It is usually obtiined as a black or brown powder from a chemical reaction

between osmium metal and osmium tetroxide, 0s04. ,It is inert towards water

and acids d h~gen till easily reduce it to the metal. When heated in

air, it’is convetied to the tetroxide. A hydrate form, 0a02.2~0, can be

prcduced if a 8olution of the tetroxide is reduced.

OB~um tetroxide, OeOb, is uBualJ.yproduced by heating powdered osmium

metal in air to about 200° or by oxidizing osmium metal or its compoundswith

‘ot Concent=ted ~3 ‘r %!s04” It iE colorless,volatile,and poisonous.

It is only slightly soluble in water but extremely soluble in nonaasociated

organic solvents such “~ cblorofomn. It 18 a strong &dlzing agent and is

frequently’usedin specific organic oxidatlonso

b.’”The Halide Compmlnds of osmium.
0s+4 forms binary

fluorine, chlorine, and icdine. An inccmrpletefluorination

4

..
compoundswith

Of powdeked



OSUWUM ~ti WIII form the tetrafluoride,OaFb, and the hexafluoride, 0aF6.

Osmium tetrachloride,OsClk, is obtained by uniting chlorine and osmium metal

at temperatures of 650-7000. It is a black volatile material which will

slowly dissolve in water to produce a yellow eolution and deposit 0s02. Osmium

iodide, 0e14, is formed by evapcnating a solution of the hydrated dioxide

with hydriodic acid.

Osmium dichloride, 0sC12, ie formed by heating the trichloride, OSC1 ,
3.

in a vacuum to W“. It is tisoluble in water and does not react with HC1

and H2S04. Oemium trichloride,0sC13, is formed by the chlorinationof

osmium metal at temperatures above 700°. It is hydroscopic and dissolves

redly ,in water to yield weakly acidic solubione.

c. Mi.scellaneoueC
+2

Ompounds of Osmiuml. 08 can combine direct~at

high temperatureswith SUEur, selenium, and tellurium to form the sulfide,

selenlde, and telluride compounds. They are inert to alAalies and to mcmt

acids but can be converted to the tetroxide by hot concentratedHN03. 08+6

forms a blnmy compound, 0sP2, when elemental osmium and phosphorus are com-

bined at temperate above ~“. Os~um phosphide is a non-volatile grayish

substance that does not react with aclde or alkalie. Other compounds of the

0s+4 ‘3 and Oe,0s, +0 statea are usually complex.

d. The Complex Compounds of Osmium. 0S+4 forma many complex compoundEI,

most of which are anionic. Many of these complexes contati sulfite, halogen,

or halogen-Oulfitogroups. ~ical of the sulfitoand the tied compounds

are +J~ tY7XB,M#s(so3)6 and qpc14(903)4. The SUlfito group communds

reeult from the reaction of sodlumbistiate on Na6~a02(S03)~ .5H20. The

reactione of suk?ltes and blsu~ites upon hexacbloroosmate (IV) compaunds pro-
b

duce the tied Chloroaulfitocomplexes. The halo complexes usuaUy have the

form M2[OsCl~. ~ed hexa-halo compounds of such types as ~~sC15Br] and

M2[OeC13Br
J

are usually fomed by the reduction of aqueous solutions of

osmium tetroxide, containing the appropriate alkali metal salt, tith etb.amol.

0S+6
forms numerous complexes. These include the oemates, ~OB04;

the - derivatives,~ fh02X~ ; the OXY-OSULY1 salts, M2[Os03X~ and the

nitrilohalldea,MIOsNX~ or Iv$@X~. The osmatecompoundsare usually

obtained either by fusing metallic osmium with mixtures of alkali metal

5



hydroxideand ~t=tis or by the %duction of osmiumtetmoildein a~ine

nolutlon!?ithethanol. The = complexes - Contauling cl, CN, N02, SO ,
3

or C204 groupi3- are,prepared by reacting the tet~ide with materials con-

tating theee ~ups. The cyano complexes are inert to acids; the other

complexes are rapidly decomposedby water. ~lOrO, M&j bro~i and

oxalato groups are usually contained iu the oxy-08my1 cOUtpleXes.The nitro

c-lexes are the moat stable M C= be formed in the treatment of aqueous

osmium tetroxide with dkalimetal nitrites. l’heDltriloNlides canbe

+8
produced by.reacting hydrohalic acids @th the Oe complexes known as the

oami~tes, M lj3B031j. ThI.osmiamates are formed by reacting concentrated

NHkOH with WaIIIl,strongly alkaline solutions of the tetroxide. The nitrilo-

halides dissolve and rapidly decompeae in water.

Fluoro complexes of the compositionM2~s04F~ have been formedby

reacting satumted solutions of,alkali metal fluoride tith osmium (VIII)

tetroxfde. These complexes readily diaeolve in water and deconpse in air.

Hydroxo ccnuplexes,such as lf2[OaOh(OH)~ are fomed by adding saturated solu-

tions of alkali to equeous solutions of the tetroxide.

0B+2
forms hexocyeao complexes of the compositionM4[OS(CN)~by adding

alkalicyanidesto a eolutionof .osmlumtetroxide.Nitrosylderivatives,

JM2[os(@x , ~d suMito CQUdS , Such 2S M+(SO)4 are d-so lfn~. ~

the nitmxo compounds, C1-,.Br-, or I- ~PS complete the complex.

Hexahalo complexes of’0s
+3 are Imcnin; however, the purity of such com-

pounds k not been well established. “AmncLnecomplexes u-e lmown for 0s+4,

0s+3 , and CM*. These compmunds are usually formed by the reaction of other

complex compoundswith amonia.

B. The Analytical Chemistq Oi”osdum

Osmiom, like all of the other platin~ metals, is usually determined

(4J~)FO~C acid, scdiualfO=tegravlmetticallyas the metal. d hydrogen

will reduce it to the metallic etate, and it can be displaced from solution

with ztic, alumlnum, or magneslummetd pwdere. Other organic ~agents, such

as thionalde, strychnine sulfate, thiourea, or thiazole, can be used to

precipitate oemiummetil.
(6,7)

6



GilcJmiBt@) and Beamlsh(9) have reviewed many of the methods that can

be used to isolate and separate osmium and the other platinum metals from

other elements and from each other. Many of these met~s canbe usedby a

radlochemiet in his work with the osmium r~ionuclide~.

1. SeparationBy Precipitation

Omium, like all of the other platinum metals, can be separated from

moat of the other chemical elments by aaturatlu”an acid eolution with

hydrogen sulfide.(k, 10) ~=nt~ ~Uch ss Bilver, copper, cadmium, me.rcW,

iridium,germanium, tin, lead, arsenic, antimony, bismuth, molybdenum, aelenlum,

tellurium, and rhenium can Intetiere in this separation. Aqua regia till

readily dissolve osmium sulifide.
(4) Talmini=d Ss&ria(ll) report that the

volubility of osndum eulfide in alkaline solution is adequate enough to

separate osmiw from many other elementm.

osmium (as well as the other platinum metals) can be sepamted from

such baae metals as gold, copper, and zinc by digesting any of Its chloro

COIWOm in a Solutim of aod.i~ titrite in order to convert the osmium

to a sohible nitrite complex.(12) The base metils can then be removed from

the dxture by behg precipitated ae oxldea or hydrated oxides.
0s+4 ~

the other platlnum metals can also be sepamted from gold by precipitating

gold from an acid solution with such reagente as femous sulfate,(13)

sulfur dioxide}4) oxalic acid~4) hydroqulnone\’4) tetraethyl~tiw

chloride,’15) and sodium nitrite.
(16)

2. Sepam tion By Volatilization

Omium canbe readily oxidized to 0s+8 and the formation of the volatile

octavalentoxide has been used most frequently to eeparate osmium from all of

the other platinum mtala (except ruthenium) and other chemical elements.

Tenant first used an oxidizing fusion and a distillationprocess Involting

nitric acid. Gilchrist
(18)

later showed that osmium couldbe rapidly distilled

from a hexabrcnnos~te solution by the use of a 10$ HN03 oolution. However, in

the aaqe investigation,it was shown that i%e distillation of hexachlorosmate
,.

solutions with nitric acid took a much longer time to complete than distil,la-
.

(19-23)
‘ion ‘ith ‘2”4”

Various modifications of this distillationtechnique exist.

7



The volatile osmium tetroxide can be collected and absorbed in receiting liquids

(18) 6NHC1.Thioma .90h-such as hydrochloric acid-sulfur dioxiae solution,

(24)
tion~20’25) 3C@ hydrogen peroxide, _or 6 N sodium hydroxide.(26,27)

Osmium (as well as ruthenium) u be eeparated from other elements by a

perchlonlc acid distillation of the cblorosalts.
(24) Westland and Beamiah

(13)

have also used a method in which osmium was removed from a chloride solutionby

a distillationat 115° Wth a g202 - H2S04 ~tme. The tetroxide wa~ abaorbed

either in a 40% BBr solution or In a 5$ solution of thiourea in ethanol-

hydrocblorlc acid (1:1). Sepsmtione of osmium from other elements by the

use of aqua regia distillationsare also recorded.(9)

The separation of osmium from ruthenium usually occur~ in nm6t of

these distillations, Whenever the oxides of both elements are volatilized,

8s in the hydrogen peroxide method of Westland and Beamish,(24) the dis-

tillate can be treated with H2S04 and boiled to rem?ve osmium. Ruthenium

can then be obtained by a dlstilhtion from a bromate mixture.(13, 24)

3. l%=.=tion ~ Solvent Extraction

(28)Osmium can not be extracted fmnn a 6.9 M K( solution with ethyl ether.

This system canbe used to eeparate osmium (and Ir, Pt, Pd, and Ru) from AU+3,

+2sb+3, Hg+2,cd+29and Sn . All of these elements are easily extracted from”

an icdide ❑olution by ethyl ether. ml acetate extmctiom of HC1-NH4Cl-snC12,

solutions have been ueed to etiract Ir,”Pt, Rh, Au, and Te and se~rate them

from oemium and ruthenium.(29) only small SJnountsof plladium will extinct

in this system.

Osmium can be isolated from ruthenium, follcmi.nga collective distillation

of the volatile tetroxidea,by forming ite diphenylthioureacomplex in 5-7 ~ EC1

and extracting the hniBcible product from the acid solution ulth CHC1 (w)
3.

The complex, tetraphenyl-amonium hexachloros~te, formed in a 0.1-0.3 N HC1

solution can also be extmcted with CEIC1 (w)
3.

Neither ethyl nor amyl acetate

will extract the phenylthiourea cmnplex of 0s
+4

from a dilute HC1 solution;(31)

+2however, the Pd ad ~+2
c~lexes extract completely, The Ptb complex is

+4, ~+3, fi+3, Au ,only partially ext~cted, while the Ir ‘3 Fe+3, Co‘2, Ni+2,

+6.and”Cr complexeB do not extract.

8



~B+a
forms a colored compldx with ephedrine hydrochloride and can be

sepuated from platinum and rhodium by tiracting it from a slightly acid

(*)solution into carbon tetrac~oride. The palladlumj iridium, and gold

mmlexes dso etimct into carbontetrachlor5de.

4. Chl’cmatograpMC separations

Beedsh(g) =Ptis that no successful

anion-exchange resin separations of osmium
<

since the ease with which osmium salts can

would preclude such separations. The only

of osmium from other elements involves the

applications of either cation- or

(and ruthenium) have been recorded

be reduced by organic reagents

known cbromato~aphic se~tion

use of cellulose columns. Burstall,

et al(33) have wed such columns and methyl propyl ketone or methyl ethyl ke-

tone in HC1 aB solvents to sepamte gold, osmium, platinum, plladium, rhod$um,

iridium, and ruthenium in that order from a chloride system.

Iv. DISSOLUTION OF SAMPLES CONTKE%DW OSfKIM

AIJ of the platinum meb16 except palladium reslet attack by single mher.al

acids.(9) Selective dissolution methods to separate base metals from metefials

contdzdng the platlnum metals have involved collective precipitationsby zinc

or iron and subsequent attack with KN03 and HC1,’34) concentratedH2Wk and

.wllfur,(35) aquare@a,(36~37) eulfide fuslons,(*>39) leaching,(M)and

-lgamtion.(k’) Many procedures involving “fire assay” mthode of isolating

the platinum metals from ores are ?mown.(9) Typical of newer methods of fire

assay is ‘chatproposed by Plummer, et al.
(42,43) In general, it consists of

preparing a,base meti alloy button by reduction with mechanically mixed carbon,

scdim carbonate,borax, and ore; base metal oxides are added,’if required. The

reduction is ctied out at a tempemture of 1450° and, after its preparation,

the button is dissolved in HC1 and HNO
3.

The platinum metals are then ertracted

f%n -e sulution by methods similar to those described elsewhere in

this monograph. = a similar method, osmium

covered from the button by a distillation of the

Any one of these

the radiochemistryOf

dissolution techniques can

the osmium rsdlonuclddee.

(and ruthenium) were re-

volhtile ofides.

be s@pted for use in

The addition of osmium

9



S2?izEz tot~,~--e before ~~’=’lutionbe~~ till =Bist in-~e~~
ar”exchange of the radioactive and inactive osmium atoms.

v. SAFETY PRACTICES

Adequate eafety precautions should be followed in dissolving any sample

material.whetherit in radioactive or nonradhactlve. The manual by Pieters

and Creyghton(45)la one @ several that report on the toxicology of met

Inactiv”eelementil cortrpounde.fkicha manual ae this should be consulted be-

fore any malyaie IE undertaken.

Safe practicee in handling radl-ctive sample mterials are always ~r-

tant in Iaaiochemistry. The diecharge of redl-ctivity by explosion or wolu-

tion into a labomtory area can be”hazardous and can regult in tide-spread

contamination. Thus, mme source of tiormation on”safe-handlingpractices

for processing radioactivematetials shouldbe consulted before a radiochentical

analysis is begun. Information on such practices appears in the Oak Ridge

National Labo?.%tory’sMaster Analytical Manual
(46)

and in the International

,,(47)Attic tiergy ~ncyts publication, entitled ‘Safe-HandlingOf Rdioisoto~~.

Many other sfilar sources of information exist and shouldbe consulted.

VI. COUNl?INGTE!CHIHQJFSFOR THE RADIOACTIVEOSldlJMISOTOPES

The analysis of sample materials contai!rlngosmium tiionuclides uaybe

cmupleted either by a direct (nondestructive)~~~ nt of the mdionuclide

in the irradiated sample or by obtaining the radionuclide in sam? formby

radiochemicallyprocessing the hradiated sample. The use of either tech-

nique is dependent upon the specific characteristicsof the osmium radio-

Isotope being -asured, i.e., its half-life, the type radiatiohe it emits

as it decays, and the energy of those radiations. The ease witl”which a ~~

nondestzmctiveanalysis methd can be applled la nmst frequently influenced

by the radioactivity of the sample ~trix containing the osmium radionuclide.

If this presenta a considemble interfemce, then the swnple must be proceseed

radiochemically.

Table I of thl~ monograph shows the nuclear characteristicsof each of

the tiown radioactive Isotapes.of osmiti. The ?niiioactivityof thekecan be
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maaa.urd ‘byeither 13tandardGeiger-hdier, ~

tionalCcmming Zec-hniques .
(W-51)

sctitimtlon, or proEor-

VII. RADI~cAL ?mcmmE9 ma TEE HUM RAmoFmimE9

Al- no specific ~er-free s~tion w—chd—e far -theOemiwn

radionuc~des appar in * cument Mwmume, it S-houldbe POE361-D10to -aae

any of the volatili~, solvent extzuction, or chromtogzqhy IMthde repomed

elsewhere in this mnoga~ to serve aa a ~ of obtaining eg~ =ier-

free osmium mdionuclldm. Ihe cmxter mdiochemicd procedurm zhm mu exiar

for the osmium radionuclldeahave origins- f?mm Inveazigmiom. concerned

tion of mdlOxtive oamlum tmcera,(=) * aep3z73tioneither *lth tie prepare

of osmiummdionuclidaa fran fission prcducta,(26) or in mdioatiivation analy-

aiam(52,53)- iumuntsof s*le osmium have been det-enninedb msteorizea(25)

(27)
andin eieczzml@icimn’ “byradloamiv==tlcm-la rethoda.

h the radlochemicalprocedurestit foliov,~cial Informzion,

m~m * prccedure~auae, the typeof nuclearbtiaml.m?nr,the t}=

of mtetii anaiyzad,aepamtion the, etc., appeara ~ p of each pro-

cedure. Whenever poaaible, an evaluation of each procadtaw 10 nmde with

regard to its -we in the decontamhetion of other rdimcrive s~ciea

frm z-heradioactive omium iaompea,

i?Rocmui 1

& -.~ Used ‘m: Rep3mtion of radic+wxive oti.a zmcera

Method: Maziliaticm d pclpitition

~ -ted: Oemium ns.diomclidem

Type khterial Anaiyred: mm ~t~(m ~

e mlclear ~t : @“ cyclmmn reactiana

R’OclHure By: W (Reprted by Meimka(26;,

9aP?u=tioaTim: -20 mtea

t3mnicai Yield of Carrier: ‘loo%

ihcmtemination: 102 fra8 other rdioectivitlea present

‘Wulpmnt Required: S-kndm5

11



PROCEDURE 1 (Continued)

Procedure:

1.

2.

3.

(locc).

4.

5.

Pour the Re powdeq into the distilling flask.

Add 10 mg 0s carrier and close the flaak.

bsert the outlet tube of the flask into ice cold 6 ~ NaOH soln.

btroduce3 cc cone. HK03 through the i~et tube of the flask.

Supplya littleair throughthe inlettube and heat the flask

gently for the solution of Re and the distillation of OsOh for about 10 min.

6.

7.

8.

Neutralize and then

Add 3 cc lC$ sodium

Filter and couut as

acidify tlie NaOH soln. with 6 N HC1.

thiosu~ate and heat inwaterbath.

the browriosmium sulfide.

HWEDURE2

Rocedure used In: Preparationof rsdimactive osmium tracers and separation
of osmium radionuclidesfrcmfimsionpraiucts.

Method: Distillationand precipitation

ElerentSeparated:Osndummdlonuclides

Type Matetialhalyzed:
u-m ~tiJ26)

Type Nuclear Bnubardment: 184” cyclotron (ZI1 high energy particles)

Procedure By: Folger and Hicks (Reported~ Meinke(26)]

Separation Time: -2.5 hours

Chemical Yield of Carrier: - 30$

Decontamination: - 104 - 105 from fission products

EquiImmt Required: Standard

Procedure:

1. Use . 20 mg. 0s carrier and dissolve target in cone. HC1 under

rdlux. Add--5 mg Ge camier and boil with cone. HC1 (CeC14 is driven off).

2. Add I- and103” (slight xrsI.-) and boil toremve ~.

3. Addconc. BN03 (Sol!n. is al.resdy.10~lnH~. AddEN03tomke it

-6~inNo3- and distill in an air stream. Catch 0s04 h 6 ~ NaOH in an

ice bath. (Gives orange sol’n.)

lZ



PROCEDUKE 2

k. Pass i.nH2S to p@OsS2 (bla~).

(Continued)

“Acidlfywith

and centrifuge. Wash(Use Aerosoland heat

KW33 might help).

5. Diseolve sulfide in cone. KN03 and

pmaceed from 8-10 ~ HN03 in an air Btream).

Ice bath.

cone. HC1 to - 1 ~

to aid coagulation. Addition of

6. Repeat 4. (The washmybemadetith

7. Dissolve the eulfide In cone. HC104.

and 2 cc cone. H3F04 (ccmrplexesM.). mstiu

OsOk In 6 N NaOH in an Ice bath.

8. Repeat 6and7.

redistill (distillationshould

Catch OeOk in 6~NaOE in an

9. Makeelightly acid with HC1. Reduce 1

Nl~HCl If desired.)

Add M. hol&back

Ln m air steam,

ilth Mg metal to

(-5 d

catching

come lower

oxidation state of 0s (to prevent 10ES of 0s04)- ~11. ~d M ~d HC1
. .

as needed to completely ppt 0s metal. Excess Mgmaybe removed bywaehing

tithwarm2-6~HCl. Weigh as 0s metal.

Remarks:

1. CAUTION: OsOk is extremelytoxicl

2. In step 4 an attempt is made to remove nmst of the Cl- from the

sulfide so that upn dissolving and dlstillhg GsC14 @ll not be c~ied

over. ~s should no longer be necessary in step 6.

3. Anyfi contmdnant remaiming after step 5 tilllflse~,be carried

thr6ugh the rest of the procedure. For additY.onalpurification repeat steps

4 and 5.

4. If imiine is a llkely contaminant, repeat etep 2.

13 ,.:,,,
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PRocmim~

Procedureused In: RadloactlvationAnalynlE

Methd : Distillation and precipitation

19b (iL ~), 0S191 (I6Elelmnt Bepamted: 0s d),or 0ai93(3ih)
Matitial Analyzed: nectrol@ic I- (a)

mlclem ~z : Oalw(n, y)Oa
lglm

Oalw(n, y)Oslgl
00L92

(n,y)Oa193

Pmceaum By: ~, ~. A. (M=— W

-tionh: 2 halra

Chemical Yiald of Ckrrier: 6>70%

ikCOn~tiOn: . 105 fa a el~nts

Muim=m Elequired: Standara

Erocedure:

Leddicottew

A. Irn3diatim of Saqpla MBterial

1. Zrraiate kwun amunti of tafit(Hate 1] and c~tor (Note 2)

‘U n/Oec/cm2 for ti hoursB@ea ti a neu- flux of at Ie=t 6.5 x io

(Mote 3). Pm- * teat.and c~tor mnqles for the irradiation

●ither ‘bywrapping each speclnmn in aluminum foil or placing it h a quartz

~.

B. Prqaration of Irmdia= Materials For Analyala

I. ma CCUQEUator Saluple

1. Afbr the irzndiarion, q-uamivstivelytramfer the ~ater aaqple

(Hote 2) b a 100-ml vmlumettic flasii. DisEolve in aqua ragia ed dilute to

volum with distilled water. By ~ of a volumetric pipette, pipez at least

0.5 ml of the dilutim to a 125-ml volume disziliation fleaii. Then add 2 ml

of osmium carrier (Note h) and 10 ml.of cone. EC1. Proceed uith Step 2 of

Part II -Mlov.

II. m mat Bampla

1. A3er the timdiation, quantitativelytreaafer the tesz sample

(Eota 1) t.aa 125+nl voluw dlszilla%ion flask. Add 2 ml of osmim

carrier and 10 ml of cone. HC1. Eeaz To ‘miiing umler reflux Conditions

in order to Mesolve test ample.

15



PHOmmHE L [aminued)

2. Add an excess of sam.red XI soluzion ti boil

3. men W aufflciem cm. m03 ra make solution

1. The camium radlmivi~ in both * teat and ~tor aau@ea naby

be aasayed●itherfor bkra or _ radloemiviq. Uee a Geiger-Mueller counter

for beta ma aumnema and a ~ acimillmion counter for the _ um3eum-

aaqlea (Ibce 10). A niqple ratio of chase corrected radioacrivitieabe-

c~a a msaaum of the ~r of stable oauium in the rest aa@e:

% Oa in teor sample -
Corrected Oa rdimtiwlw in teat mqple
Corrected 0s rdlmctitity h caupamtor @e

x 100.

16



PFtocmJREL (contwal?d)

=:

1. Use at I.eut0.1-0.2 gmmpotiiona.

2. Use at leafit0.010 gram of oemiun mm=.

3.” Die Mte of nmaaurement for de.temhlng Oemium-by this procedures

is O.Oi micro-.

4.

5.

6.

7.

8.

9.

io.

Slaldadi*d to containat ieam lo tillgreme or 0s per milli~m.

Distillsae OeOL to @-we an orange-coiomd EIolutlon.

~ solution my be used w amifit in c~d.ation.

Cau9es a reduction to some lower oxitition state of Oa.

Removes excess mgneslan metal.

Gaama-~ ener~- dlacrimlnazionmay be wed ‘here.

Decay ~ ~ts 7m3ybe folioved, if required.

17



REFERENCES

1. ‘Eollander, J. M., d Seaborg, G. T., %Ihble of Isotopes,”
~=%;cs~ (2), 762-765 (i958).

2. Hu@s, D. J., ed~, J. A., “Heutron Cross Seczttma,” Bmokhawan
Kmianal IaboIutory, Upton, Nev York,RePofiHo. BKL-3?5(1958).

3. Xle_, J., Argeminger, H. J., and Otiavold,E., Inorgani c chmdlllt~
P. 566-576, math, Booton (wo].

4. Iiille-bmnd,V. F., Lundell, G. E. i?., Btig.ht,B. A., and HofYimm,J. I.,
Appllti hOrEIUIIC hd.YB la, pp. 339-3B3,JohuWileymni Sone,Hev YOrk,
1953.

5. Chariot,G., amd l)ezier,D., ~titatfxe Iimr@c AnalyBia, PP. 538-539,
Johu Uileyand Sona, Hev Yoti, 1957.

6. W, V. J.,audBeEd.ah,F. E.,Anal.alem.+ Ma (1952).

7. Hoffhnn,I., Schweitzer, J. i!.,Ryan, D. E., and F!~h, F. F., Anal. Chem.
q, I.@l (1953).

8. Gilchz5a%, R., Cnem. Rev. ~ 277 (19+3).

9. %emiah, F. E., TMan-b3& i-~ (1*).

10. Redden,C. J., Analytical Chemietry of the M3nbatti ?roJecz, pp. @l-&93,
McGmw-Eiil, WV York, 1950.

11. Te51dnl, I. K., aad ~a, (?.B. S., Anal. Chim. Acta~ 32g (ig*).

E. Leidie, %, Bull Sot. Chim FmnceiO, 253 (1901).

13. Weatlend, A. D., and Beamieh,F. E., Mho. c!hml.Acts~ 625.

iii. Beaaliah,r. E., RuaseU, J. J., and Seati, J., H. Eng. Chem., Anal. =., ~
17L (1937).

U. ~, J. c., ibid. ~ 368 (1939).

16. Wchriat, R., J. Rea. Hat. Bur. ~ ~ 7b5 (193a).

17. mmlmlt, s.,nil. Tmne..,~ * w (laOk).

18. Gil-t, R., J. Res. Hat. Bur. Swmdmdn ~ @l (i931).

19. Gildudnt,R., J. Res. Hat. Bur. %adarda 12, 283 (1934)-.

20. Allaa,H. J., ti Beamieh, F. E., =. -. * -i@ (1952).



21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Allan, W. J., and Besmiah, F. E., -1. c%=. ~, 1569(1952).

Gilchrist, R., aridWicherB, E., J. Amer. Ckm. 2ac. ~, 2%5 (1935).

Sandell, E. B., Anal. Cheln.g 342 (1944).

Westls.nd,A. D., .andBesmieh, F. E., Anal. Chem. ~, 739 (1954).

Herr, W., HoffmeiBter, W., ~ Ionghoff, J., Z. Naturforsch”@, 99 (19@).

Meinke,W. W., ChemicalProcedures Used In Bcmbazx?mentWork at Berkeley,
U. S. Ato?rdcEaergy Commission Report, AECD-2_(3t!(1949).

Leddlcotte,G. W., “Osmium,Neutron Activation Analysis (Isotope Carrier)
Methcd,” Method No. 5 11840, to be issued in the Oak Ridge National
LaboratoryMaster Analytical Manual.

Kitaham, S., Bull. hat. Phys.Chem.Reeearch(Tolqfo)~, 454(1948).

Ayres, G. H., .andMeyer, A. S., Anal..Chem. ~, 299 (1951).

Gemlkmu, w., and Neeb, R., Z. Anal. mm. ~, 420 (1957).

.Ayres,G. H.; and Tuffly,B. C., Anal.Chem.~, 949 (1952).

Thompson, S. O., BeaniEh, F. E., and Scott, M., Ind. hg. Chen. Anal. ‘M. ~,
42o (1937).

33. Burdall, F. H., Dsvies, G. R., Idnstead, R.P., and Wells, R. A., J. Chem.
SOC. 1950, 516.

34. Wilm, T., J. Chem. Sot. ~ 514 (1881).

35. Sellveretov, N. S., Inst. Obshchei i Neorg, Khim. A.kmi.Nauls,SSSR~
& (1948).

36.

37.

%.

39.

40.

41.

42.

43.

44.

45.

46.

47.

K=POV, B. G., =& FedOr-, A. ~.,m. mat. bst. q, 106 (1932).

Zhemchuzhy, S. F., et aI, -. Inst. plat. ~, 106 (193?).

Iovely, W. H. C., Chem.Eug.Min~R@J. ~, 199 (1941).

Gniffth,L., -“. Caned.Inst.MiningMet. ~ 153(194-0).

Hof-, I., Westland,A. D., Lewis,C. L., snd Beamish,F. E., Anal.
them.‘2&J1174(1956).

.

Plakain,I. N., -d Schtsmva, S. M., ~. Inst.Plat.,Q, 141 (1933).

Plunmer, M. E. V., Lewla, C. L., and Beemish, F. E., Anal. Chem. &
254 (1949).

Plwnmer, M. E. V., and Beamish, F. E., ml. c-hem,~; U41 (1959).

Kavanagh,J. M., and Beamish,F. E., Anal.Chem.~, 4X (1%0).

Pietera, E. A. J., and Crey@ton, J. W., 2afety in the Chemical Laboratory,
Aceimnic Press, New York, 1957.

Leddicotte, G. W., Reynolds, S. A., and Corbin, L. T., Sdety, Method No.
~lgo, -C@.kRidge National Laboratory’s Master Analytical Manual,
TLD-7015, Section 5.

InternationalAtomicEnergyAgency,SefetySeriesNo. 1, SafeHandJ3ngof
Radioiscrb3pes,Vienua,1958.

19



~. ~, 9.A.,ROCOfiOf tiCudmSH ~ w (1955):

w. R5ce, W. J:, ticlear Rdi.&on Ihtectim, McGmw-EKU., IWv York, 19X.

“~a SIC-, K.,, B&& d *-* @ Ctroscopy, ~CiellCO, W York,
1955.

51. CrouUn?uwl, C., AR@Ied Oaw-Ray Spa Ct~ Per-, HewYork, 1~.

z. m, ~. E., =. -. ~ 335(@’9).

53. LAdlcotte, G. W., Fu= - A~ed Chanistry ~ 61-80 (1960).

,

. .

20


	THE RADIOCHEMISTRY OF OSMIUM
	TABLE OF CONTENTS
	I. GENERAL REFERENCES ON THE INORGANIC AND ANALYTICAL CHEMISTRY OF OSMIUM
	II. RADIOACTIVE NUCLIDES OF OSMIUM
	III. THE CHEMISTRY OF OSMIUM AND ITS APPLICATION TO THE RADIOCHEMISTRY OF THE OSMIUM RADIONUNCLIDES
	IV. DISSOLUTION OF SAMPLES CONTAINING OSMIUM
	V. SAFETY PRACTICES
	VI. COUNTING TECHNIQUES FOR THE RADIOACTIVE OSMIUM ISOTOPES
	VII. RADIOCHEMICAL PROCEDURES FOR THE OSMIUM RADIONUCLIDES
	REFERENCES


