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- FOREWORD

The Subcommlttee on Radlochemlstry 1s one of a number of
subcommittees worklng under the Committee on Nuclear Sclence
within the Natlonal Academy of Sclences - Natlonal Research
Councll. 1Its members represent government, industrial, and
universlty laboratories I1n the areas of nuclear chemistry and
analytlcal chemlstry.

The Subcommlttee has concerned itself with those areas of
nuclear science which involve the chemist, such as the collec-
tlon and dlstrlbutlon of radlochemlcel procedures, the estab-
lishment of specificatlone for radlochemlcelly pure reagents,
avallablllty of cyclotron time for service lrradiations, the
place of radlochemlstry in the undergraduate college program,
ete.

This series of monographs has grown out of the need for
up-to-date compllations of radlochemlcal Informatlon and pro-
cedures. The Subcommlttee has. endeavored to present a seriles
which wlll be of meximum use to the working sclentlst and
which contalns the latest avallable Informatlon. Each mono-
graph collects In one volume the pertinent information requlred
for radlochemlcal work wlth an IiIndivlidual element or a group of
closely related elements.

An expert In the radlochemistry of the particular element
has written the monograph, followlng a standard format developed
by the Subcommittee. The Atomlc Energy Commlsslon has sponsored
~ the printing of the serles.

The Subcommlittee 1s confldent these publications wlll be
useful not only to the radiochemlst but also to the research
worker in other flelds such as phyelcse, blochemlstry or medlclne
who wlshes to use radlochemlcal techniques to solve a speclfic
problem. .

w. Wayne Melnke, Chairman
Subcommlittee on Radiochemistry
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INTRODUCTION

Thls volume which deals with the radiochemistry of osmium
is one of a series of monographs on radiochemlstry of the ele-
ments.. There 1s 1ncluded a review of the nuclear and chemical
features of particular I1nterest to the radlochemlst, a discus-
sion of problems of dissolutlon of a sample. and counting tech-
niques, and finally, a collection of radilochemical procedures
for the element as found in the llterature.

The serles of monographs will cover all elements for which
radlochemlcal procedures are pertinent. Plans include revision
"of the monograph periodlcally as. new technlques and procedures
warrant. The reader 18 therefore encouraged to call to the
attentlon of the author any publilshed or unpubllshed materlal
on the radlochemlsatry of osmlum which mlght be lncluded in a
revlsed verslon of the monograph.
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' II. RADIOACTIVE NUCLIDES OF OSMIUM
The radionuclides of osmium that are of :I.hteres"t to the radiochemist are
given in Teble I. The information tebuleted is simlilax to that appearing in

compiletions by Strominger, et al, 1) end by Hughes end Harvey. (2)

*Opera.ted. for U. S. Atomlc Energy Commission by Union Carbide Corporation.



III. THE CHEMISTRY OF OSMIUM AND ITS APPLICATION TO THE RADTOCHEMISTRY
OF THE OSMIUM RADIONUCLIDES.

Radiochemistry is probably best described as being an analysls technique .
uaed primarily (1) to aesist in obtaining & pure radionuclide of some specific
element in a suitable form so that sn absolute messurement of its radioactivity,
radiation energles, and half-1ife can be made, or (2) to determine the amount
of redicactivity of a perticulaer radioelement in a radionuclide mixture, or (3)
to complete a radioactivation enalysis being used to determine the stable ele-

ment concentration in a perticular sample material In order to be an aid in

TABLE I

THE RADIOACTIVE NUCLIDES OF OSMIUM

Radic- Helf- Mode of

Nuclide - Life Decay Enerﬁx of Radiation Produced By
01 " ohon  me y 0.510 . Re-p-ln
0s283 12.0h  EC. . y0.3, 1.6 Re-p-3n
09185 97 d EC “y 0.648, 0.878 " Re-d-Zm, Re—f_n

L : ' _ . Os-n-y -
0s186m gy 10710 4 pp y 0.137  Daugntér Rei%0-
. 0g %08 6n  IT 7 0.03 " Doughter 12 a 1+2%?
0+ R 9.5 m T y 0.039, 0.187, Deughter 3 h Ir' >0

- : 0.359, 0.508, ' .
0.614
og 191 ik b IT Ty 0.07h Qe-nj?
0t 6a  p BT 0.143 Os-n-y, 0s-d-p, Os-7y-n
- . y 0.I71, 0.129
0193 3l h g 8™ 1.1 Os-n-7, Os-d-p, Ir-d-2p
R . .y . 0.066 '

accompliahirg any one of the above interests, radiochemistry usually
" considers the ;solation of the desire@ radionuclide by either cerrler or
carrier-free separation methods.

Generally, "carrier" methods are used most frequently in radiochemistry.
They involve the addition of a small amount of inactlve stable element to &
solution of the lrrediated material to serve as a carrier of the radionuclide
of that element through the separation method “Carrier-free“ geparations

connote that no ecarrier is added. These radiochemical techniques are used
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Osmium, 1iks s11 the other plstinum metsls, occurs 1n extremely small

amoiunts in mnature. It is estimated that the earth's crust containms o




silver, gold, iron, and nickel. It is usually obtained from these base

materiels by e reductlon process.

1. Metallic Osmium
Metallic osmium is a gray, briftle metal poséessing a considérable hard-
ness. It has.a denslty of 22.7 and e melting poinﬁ of 2700° C. Imsa compac£
form, 1t 1e insoluble in acids; however, when finely divided, it 1s soluble

‘forming osmium tetroxide, Osoh, vhich is highly volatile.

in fuming HNO3

2. The Compounds of Osmium

Osmium can form compounds having oxldation states of +2, +3, +4, +6,

and *8.(3) The 05+2 1onb.are_unst5b1e 1in acid. Such groups es c1, Br, NOE—’
0204-, N0, and NH3_ form complex ions with 0s*3 and Os+h. Tons of Os+8,
such as perperosmlc acld, 320305, cen exlst 1n hydrochloric acid. In

3 an@'05+4 can fdnn_oxide or\hydrated oxlde com-

alkeline solutlons, ost
pounds. Meny osmates are known, although the trioxide of Os+6'haa not

been igolated. Osmyl compounds are alsq knﬁwn;_however, they readily de-
compose in gcid ;olution, These compouﬁds_can be descriped in the following

manner:

a. The Oxide Compounds of Osmium. Oﬁ+h 1s the most stable oxidation

state of osmium. TIts binary compounds include osmium (IV) oxide, 0502.

It 18 usually obtained as a black of brown powder from a chemical reactlon

between osmium metal and osmium tetroxide, 0s0), - tIt is inert towards water

"and acids and hydrogen will easlly reduce it to the metal. When heated in
alr, itais_copvertgd to the tetroxidé. A hydrate form, 0902-2320, can be
produged if & solution of the tetroxide 1s reduced.

Osmium tetroxide, OsOh, is usually produced by heatling powdered osmium

metal 1ﬁ alr to sbout 200° or by oxidizing osmium metal or ite compounds with
- hot concentrated HNO3 or stou. It is colorless, volatile, and poisonous.

It 1s only slightly soluble in water but extremély_soluble in nonassociated
organic solvents such as chloroform. It is a strong oxidizing agent and 1s
frequently used in specific organic oxidations.

N

Os+u forms bihary compdundé with

b. " The Hallde Compounds of Osmium.

fluorine, chlorime, and iodine. An incamplete flucrination of powﬂéred

4



osmium metal will form the tetrafluoride, Oth, and the hexafluoride, Ost.

Osmium tetrachloride, OsClu, 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 & yellow solution and deposit 0sO Osmium

X
iodide, OsIh, is formed by evaporating a solution of th¢ hydrated dloxide -
with hydriodic ascid.

Osmium dichloride, OsCl,, is formed by heating the trichloride, 05013,_

in a vacuum to 500-0. It is insoluble in water and does not reect with HC1l

and H250h_. - Osmium trichloride, OsCl,, is formed by the chlorination of

3,
osmium metal at temperatures above 7000. It is hygroscoplc and dlssolves

readily in water to yield weakly acldic solutdions.

c. Miscellaneous Compounds of Osmium. Oa+2 can combine directly at

high temperetures with sulfur, selenium, and tellurium to form the sulfide,

selenide, and telluride compounds. They are inert to alkelies and to most

aclds but can be converted to the tetroxide by hot concentrated HNO Os+6

3"
forms a binary con[pouné, OsPe, when elemental osmium and phosphorus are com-

bined at temperatures above 5000. Osmium phosphide 1s a non-volatile grayish
substance that does not react with acids or alkalis. Other compounds of the

. Os+]+, Os+3, and 09"’8 states are usually complex. .

d. The Complex Compounds of Osmium. Oa+)+ forms meny complex compounds,

most of which ere anionic. Many of these complexes contain sulfito, halogen,

or halogen-sulfito groups. Typlcal of the sulfito and the mixed compounds
are the types, MBOB(SO3)6 and MBOSClh(S%)h' The sulfito group compounds
result from the reaction d6f sodium bisulfate on Na.6 9502-(303)l] -5H20. The
. -

reactions of sulfites and bisulfites upon hexachloroosmate (IV) compounds pro-
duce the mixed chlorosulfito complexes. The halo complexes usually have the
.form M2 [08_016] . .M:Lxed hexa-halo compounds of such _typea as ME E)sCl,).Br] and
M2 [OsCl3BrJ are usually formed by the reduction of asqueous solutions of
osmium tetroxide, containing the approﬁriate alkali metal sal'_t , With ethanol.

“© .

Os forms numerous complexes. These include the osmates, MEOEOLI_;
the osmyl derivatives, M, E)SOQXLJ ; the oxy-osmyl salts, M, [0503)(2] and the
nitrilohalides, M.[OBNXLJ or M2 [OBNXS]-. The osmate compounds are usuaelly

obtained either by fusing metallic osmium with mixtures of alkall metal



hydroxide and nitrates or by the reduction of osmium tetroxide in alkaline

-t 303, ’

or 0201" groups..- are. prepared by reactling the tetroxide with materials con-

eolutlion with ethapol. The osmyl complexes - containing Cl, CN, NO,

talning these groupe. The cysno complexes are inert to acids; the other
complexes are rapid_l}; decamposed by water. . Chloro, nitro, bromo, and .
oxalato groups are usﬁlly contained in the oxy-osmyl complexes. The nitro
complexes are.the most stable and can be formed. in the -treatment of aqueous
osmiumn tetroxide with alkall-metal nitrites. The nitrilohalides can be
produced by: reacting hydrehelic_ acids with - the Os'."8 complexes known as the -
omniemates, M @soal\ﬂ . The osmiamates are formed by reectiné cencentrated
NE40H with warm, stmng]y alkaline solutions of the tetroxide. The nitrilo-
halides diesolve and rapidly decqmpo;e in water. o

Fluoro complexes of the composition Mz EJSO)_I_F-Z] .have been formed by . -
reacting saturated solut_ions of. alkalil metal fluoride with osmium (VIIT)
tetroxide. These complexes readily dissolve in we.ter'e.nd decompose in air. .
Hydroxo complexes, such as K, LOEOL;(OH)Q] ‘are ‘formed by adding saturated solu-
tionms of -alkali to aqueous solutions of the tétroxide.

0s*2_forms hexocyano complexes of the composition My [08(01\1)6] by adding
alkall cyanides to a solution of osmium tetroxide. Nitroexl derlvatives,
M, [Os(NO)XSJ, and gulfito compounds, such as M, E)s(SO)a] are also known. In
the nitroso compounds, C1™, - Br'; or I~ groups complete the complex.

+3 are. known;. however, the purity of such com--

pounds has not been well established. Ammine complexes are known for 05+)+,

Os+3, and Os+2. ‘'These compounds are usually formed by the reaction of other .

Hexahalo complexes: of Os

complex compounds with ammonia.

B. The Analy‘tical Chemistry of Osmium

Osmium, like all of the other plat:l.nlm meta.ls , 18 usually determined
grs.vimetrlca.lly as the metal (%,5) Form:lc -acid, sodium formate sand hydrogen
will reduce it to the metallic state, a.nd it cen be d:l.spla.ced f‘rom solution
with zinc, aluminum, or magnesium metal powders. Other orgs.nic reagenta s such
as thioha.lde, strychnine.su]_fat.e', thiourea, or th:l.azole, can be used to

precipitate osmium metal. (6,7)



Gilchriat(a) and Bea.mish(g) have reviewed many of the methods that can
be used to 1solate and separate osmium and the other platinum metels from
other elements and from each other. Many of these methods can be used by a

rediochemist in his work with the osmlum redionuclides.

1. Separation By Precipitation

Osmium, like all of the other platinum wmetals, can be sepe.ra.ted from

most of the other chemice.l elements by saturating an acid solution with
(&, 10)

e

hydrogen sulfide. .Elements such as sllver, copper, ca.dmium, mercury,
.indium, germenium, tin, lead, arsenic, antimony, bismuth, molybdenum, aelenium,
tellurium, and rhenium can interfere in thia sepa.ration Aqua regla will
readlly dissolve osmium sulfide. () Teimini and Sela.ria.(ll) report that the
80lubility of osmium sulfide in alkaline solutlon is adequate ehou.gh to
separate osmium from many other elements. |
Oemiu:m (aa well as the other platinum metalsa) can be separated from
such base metels as gold, copper, and zlnc by digesting a.ny of its chloro
‘ compounds in a solution of sodium nitrite in order to convert the osmium
to a soluble nitrite co_mplex.(le) The base metals can then be removed from
the mixture by being precipiteted as oxides or hydrated. oxldes. Os+l+ and
the other pletinum metals can .also be separated from gold by precipitating
gold from an acid solutlion with such reagents as ferrous sulfate, (13)
sulfur dioxide,(h) oxalic acid,(h) hyd.roq_uinone,(lh) tetraethylemmonium

chloritie,(]-'5 ) and sodium nitrite.(_ls)

2. Separation By Volatilization .
Osmium can be readily oxldized to Os+8 and the'formatio:i of the volatile
octavalent oxide has been used most frequently to separate osmium from a.ll of

the other platinum metals (except ruthenium) and other chemical elements

amn

Ten.uant first used an oxidizing fu.sion and a distillation process involv-ing

(18)

nitric a.cid. Gilchrist later showed thet osmium could be ra.pid.'l.y disti]ied

from a hexe'bromosmate solutlion by the use of a 101, HN03 aolution However, in
the same investigation, it was shown that ‘the distilla.tion of hexechlorosmate '
solutions with nitric acid took a much longer time to complete tha.n distille.-

tion with H,80,. Various modifications of ‘this dlstillation technique exist.(19-23)



The volatile osmium tetroxide can be collected and a'baorbed 1n receiving liquids
such as hydrochlorie acld-sulfur dioxide solutionsle) 6 N HCl-Thiourea solu-

(20,25) (k)

tion, or 6 N sodium hydroxide.(zs’z-()

30% hydrogen peroxide,
Osmium (as'well as ruthenium) can be separated from other elements by a
. 1

perchloric acid distillation of the chl‘orosalts.(ah) Westland and Bea.mish( 3)

have also used a method in which osmium wes removed from a chloride solution by

s distillation at 115° with a 5,0, - H,80, mixture. The tetroxide was sbsorbed
either in & 40% HBr solution or in & 5% solution of thioures in ethanol- l
hydrochloric acid (1:1). ngarations. of osmlum from other eléménts by the
use of aqua regie distillations are also record.ed.(9)
The separation of osmlum from ruthenium usually occurs in most of
these distillations. Whene';rer the oxides of both eleméﬁta .are: volatilized,
as 1n the hyd.rogeg peroxide method of Westland and Beamish, (2h)_ tﬁe dis_
tillate can be treated with stoh and boiled to rexﬁove osmium. Ruthenium

can then be obtainéd by e disti].'latidn from a bromate m:b:ture.(l3’ 2k)

3. Separation By Solvent Extraction

Osmium can not be extracted from e.6.9 M HI solutlon with ethyl ether' (28)

This system can be used to separate osmium (and Ir, Pt, Pd, and Ru) from Au +3

+3, Hg +2 Cd+2, and Sn 2. A1l of these elements are easlly extracted from

>

an iodide solution by ethyl ether. Amyl acetate extractions of HCl—N]:I,_I_Cl-SnCl2

solutions have been used to extract Ir, Pt, Rh, Au, a.nd. Te end séparate_.them
from osmium- and m‘thenium.(ag) Only small amounts of palladium will extract
in this _system.

Osmium cen be isolated from ruthenium, fdllowing a collective distillation
of the volatile tetroxides, by forming ite diphenylthiourea complex'in 5-T7 N HCL
and extracting the immiacible product from the ecld solution \r.lth CHCl (30)

The complex, tetraphenyl—arsonium hexachlorosmate, formed in e 0.1-0.3 N HC1
solution ean also be extracted with CHCl3 (30) .Neither ethyl nor anwl a.ceta.‘te '

will extract the phenylthiou:ceg. complex of Oa#l' from a dilute HCl-solution;(3l)

however, the Pd"'2 and Cu+2 complexes extract completely. The Pth complex 1s
only partially extracted, while the Ir'', mi*3, rut3, au’3, Fet3, cot?, mit2,
and'Cr"é complexes do not extract.



Os+8 forme a colored complex with ephedrine hydrochloride and can be
separated from platinum and rhodium by extracting it from a slightly acid
solution into carbon tet:l:'a.chlo'ride.(a’z). The palladium, iridium, and gold

camplexes also extract into carbon tetrachloride.

4. Chromatographic Separations

Rﬁiah(g) reports that no succ_es_sfu.'l. applica.'bior_ts of either cation- or
s.nion-excha._n/ge resin separations of osmium (end Tuthenium) have been recorded
__since the é;.se with which osmium salts can be reduced b.y o:;'gan.tc reagents
would preclude such separetions. The only known chroﬁatogz'aphic separstion
of oemium from 6ther_ elements involves the use of cellulose columns. Burstall,
et 51(33) have used such columms and methyl propyl ketone or methyl ethyl ke--
tone in HCl as eolvents to separate gold, osmium, platimm, pelledium, rhodium,

iridium, end ruthenium in thet order fram a chloride system.

IV. DISSOLUTION OF SAMPLES CONTATNING OSMIUM

All of _the platinum metals except palladium resist attack by single mineral
aeids.(9) Selective disasolutlon methods to separate base metals from materia.ls
containing the platinum metals have 'infolved collective preciﬁitation_s by zinc |
or iron and subsequent attack with HNO3 and HC1, (3l+)_ concentrated H2SO,+ and.
qufur,(35) aqua regia,(36’37)__sulfide fusions,(38’39) 1eaching,()+o)_ and

(b1)

amalgemation. Many procedures involving "fire assay" methods of 1solating

the platinum metals from ores are 1cnown.(9). Typical _of newer methods of fire
assay 1s that proposed by Plu:qme:_-, et al.(_he’LB.) In general, it consists of
prepariné a baese metal alloy button ‘by reduction with meéh.a._nica.lly mixed .carbon,
sodium carbonate, borax, and ore; base metal oxides are a.dded.,l:l_f required. - The
feducfion 1s carried out at a temperature of ll|-50° and, after _:I_ts preparation,
the button is dissolired in HC1l and ENOé.- The platinum metals are then extracted
from the 'aolution by methods similar to those described elsewhere in
this monograph. In a similar nethod,(uh) osmium (and ruthenium) were re-
covered from the butﬁon by a distillation of the foléti]_.e o:dd.es.

- Any one of these dissolution techniéueé can be adapted for. use in

the radiochemistry of the osmium radionuclides. The addition of osmium



carrier to the mixture before dissolution begine will g.ssist in achieving

an exchange of the radioective and inactive osmium etoms.

V. SAFETY PRACTICES

Adequate safety precautions should be followed in dissolving any sample
material -whether it ié radioactive or nonradioactive. - The manual by Pleters
and Creyg]:rl:.on(h'5 ) ia .one qf eeveral that report §n the toxlcology of moset
inactive elemental compounds. Siuch a manual as this should be consulted be-
fore any analysis is undertaken.’ .

Safe pracficéa in handling ra'd_'l.oac'tive sample materials are elways lmpor-
tent 1n radiochemistry. The dischargé of radioa"ctivity by e:cpiosion' or evolu-
tion into a la'porator'y area can be hazardous and cen result in wilde-spread
contamination. -Thus, some soui'c;e of information on safe-handling practices
for _processing radioactive materiels should be consulted before a radiochemical
analysls 1s begun. Informetion on such practices appears 1ln the Oak Ridge

(k6) and in the International

National Leboratory's Master Amalytical Manuael
Atomic_Fnergy Agency's pﬁbiice.tion, entitled "Safe-Handling of Ra.dioisotopes."(w)

Many other similar sources of information exist and should be consulted.

VI. COUNTING TECHNIQUES FOR THE RADIOAC‘TZEV;E OSMIUM ISOTOPES -

The analysis of sample matéﬂa.l's containing'osmim radionuclides may be
campleted either by a direct (nondestructive) mea.sur'emen‘l_: of the radionuclide -
in the lrradiated sample or by obtaining the radionuclide in some form by -
ra.dj_.ochemically processing the. irradiated sample. The use of elther tt_ach-'
nique is dependent upon the specific characteristice of the osmium radio- - )
1sotope 'bej.ng measured, i.e., its ha]:f-ljfé, the type radiatiohs it emits
- a8 1t decays, and the energy of those radiations. The ease wilth which a
nondestructive analysis method ecan be applied is most frequently influenced
by the 'mdioactivity of the sample matrix containing the osmium radionuclide.
.If ‘this presents a consliderable in‘berferencé, ‘then the sample must be processed
radiochemically.

Table I of this ﬁomph shows the nuclear characteristics of each of

the known radioactive isotopes- of osmium. The radicactivity of these can be
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measured by either standard Geiger-Muelier, gamme scintiliation, or propor-

tional counting techniques. (L8-51)

VII. RADIOCEEMICAT PROCEDURES FOR THE OSMIUM RADIONUCLIDES

Although no specific carrier-free separation methods for the osmium
radionuciides appear in the current liverature, it should be possible to use
any of the volatilivy, solvent extraction, or chromatography methods reported
elsevhere in this monograph to serve as s means of obtaining essentially carrier-
free osmium radionuclides. The carrier radiochemical proced.}:res that now exlat
for the osmlum rediomuclides have origlnated from investigations concerned

elther wvith the preparation of radioactive osmium tracers, (26)

(26)

the aeparation

of osmlium radicnuclides from flssion products,
sj.la.(52 ’

or in radiocectivetion analy-
53) Small amounts of stable osmium have been determined in mteoﬂtes(as)

and in electrolytic im(m)

by rediocactivation analysis methods.

In the radiochemical procedures that foliow, speclal informationm,
regarding the procedure’s use, the type of nuclear bombardment, the type
of material anaiyzed, separation time, etc., appears as part of each pro-
cedure. Whenever poselble, an evaluation of each procedure is made with
regard to its use in the decomtamination of other radloactive species

from the radiocactive osmium iaotopes.

PROCEDURE 1

Procedure Used In: Preparation of radioactive oamium tracers
Method: Distiliation eand precipitation

Element Separated: Ommium redlomiclides

Type Material Anaiyzed: Fhenium meta.l(zs)

Type Ruclear Bombardment: 60" cyclotron reactions

Procedure By: Chu (Reported by Meinkecas))

Separation Time: ~ 20 minutes

Chemical Yield of Carrier: -~ 100%

Decontamination: 1()2 fraom other radicactivities present

Bquipment Required: Standard

11



PROCEDURE 1 (Continued)

Procedure: _ )
1. Pour the Re powder into the distilling flask.
' 2, Add 10 mg Os carrier and close the flask.
3. Insert the outlet tube of the flask into lce _cold 6 N NaOH soln.
(10 ee).

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

3
5. Supply e 1little ailr through the inlet tube and heat the flask
gently for the solutlon of Re and the distillation of OsolL for about 10 min.
6. Neutralize and then acidify the NaOH soln. with 6 N HCIL.
7. Add 3 cc 10% sodium thiosulfete and heat in water bath.

8. Filter and count as the brown osmium sulfide.

PROCEDURE 2

Procedure Used In: Preparation of radicactive oemium tracere and separatlon
of osmlum radionuclidee from fisslon producte.

Method: Distillation and precipitation
Element Separated: Osmlum radionuclides
Type Material Analyzed: Uranium metal (26)
Type Nuclear Bombardment: 184" cyclotron (all high energy pa.rt:l_clee)
Proceduré By: Folger and Hicks (Reported by Mein.ke(as))

Separation Time: ~ 2.5 hours

Chemical Yield of Carrier: ~ 30%

Decontamination: ~ 1ou - 10°

from fission products
Equipment Required: Standard
Procedure: .
l. Use ~ 20 mg. Os carrler and dissolve target In conc. HC1 under
reflux. Add ~ 5 mg Ge carrier and boil with comc. HCL (GeClh is driven off)
2. Add I and IO (slight x's I-~) and boil to Temove .
3. Add conc. B]WO3 (Sol'n. is already ~ 10 N in H.+). Add HNO, to make it

3

~6Fin no3' and distill in an eir stream. Catch 0sOy in 6 N NaOH in an.

ice bath. (Gives orange sol'm.)

12



PROCEDURE 2 (Continued):

L. Pass in H,§ to ppt-0sS, (black). ‘Acidify with come. HCL to ~ 1 N
and centrifuge. Wash (Use Aerosol end heat to aild coagulation.. Addition of
KNO, might help). '

5. Dissolve sulfide in conc. HNO, and redistill (distillation should

3

in en air stream). Catch OsO, in 6 N NaOH in an

proceed from 8-10 N HNO3

lce bath.

6. Repeat 4. (The wash may be made with ~ 1 N HCL if desired.)

7. Dissolve the sulfide in conc. HClOu. Add Mo holdback (~ 5 mg)
and 2 cc conc. H3PO,+ (camplexes Mo). _Distill in en a:l.r steam, catching
0s0;, in 6 N NaOH in an ice bath.

8. Repeat 6 apd 7.

9. Makals]__‘l.ghtly acid with HCI. Reduce with Mg metal to some lower
oxidation state of Os (to prevent loss of OsOh_). Boil. Add Mg and HCl
as needed ’t'.o complet,ely ppt Os metal. Exceés Mg may be removed by washing
with wern 2-6 N HCL. Weigh as Os metal.

Remarks : |

1. GMPIIbN: 050]+ 1s extremely toxict _

2. In step b an attempt is made to remove most of the C1” from the
sulfide so that upon dissolving and distilling GeClh_ will not be carried
over. This should no longer be necessary in step 6.

3. Any Ru contaminent remalning after step 5 will likely be ca.rrig@._
thrbugh the rest of the procedure. For additional purifica.t_ion repeat steps
4 and 5. -

4. If iodine is & likely contaminant, repeat aﬁep 2.
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PROCETAURE 3
Procedure Uead In: Rsdiosctivaticn anelysle

M=thod: Distillation snd precipitation
151 153

Element Separated: Gs {16 41 and 08 {31 n)
Type Material Aanalyzed: Iron meteorites(-esj
aG -
Type Huclear Bombardment: Gsl'J(_n,y)Oslgl
- A
09192(1:1,‘7)05]'9‘J
25)

Procedure By: Herr, V., et all'
Separation Time: Several hours

Chemlenl Yield of Carrier: &-75%

Decontamination: Excellent irom rhenium

Equipment Required: Standard

Procedure:

1. Irrsdiate 1-2 greme of the meteorite for &t leést 2 days in &
reactor (Nste 1). Prepare and irrediere Ok compsrator samples ( 1{205C16)
in the same msnner.

2. After the irradisticn, trsnafer the irrsdiated materlsl to &
distillation Zlask and disaolve in HIC-B-H?_SC-h &cld mixture, then add Cs
carrier snd -:rO2 solution.

2. Heat &rd 4istill the cemlum Irom the mixture as Cal, . Distill
into a mixture of € N HCL and thiourea.

L, Determine the yleld of the experiment (Mote 2). Then aliquot the
solutlion for counting (Hote 3).

€. Comparstor ssmple 1s Trested in the same manner.

Totes:

l. In this instsnce, tha irra.dié.tions were made in the BEPO resctor st
darvell; neutron flux = lf.)E H-'cma.

2. By measuring color intensity with a M3-L spectrophstometer at a
vave length of L33 m u.

2. By gamms ccunting.

14



PROCEDURE L
Frocedure Used In: Radiocactivatlion Amalysis
Method: Distillation and precipitation
Flement Beparated: 08 ™™ (iL n), 089 (16 a), or 08 93(31 1)
Type Material Analyzed: Electrolytic iron(a.r)

Type Buclear Bombardment: 05190(!1,7)051911:1
06’ %z, )0s 1N
051'92(11,1)05193 E
Procedure By: Mahlman, H. A. (Reporved by I.edﬁicotta(zr))
Separation Time: 2 hours
Chemical Yield of Carrier: 65-70%
Decontamination: ~ lO5 from all elements
Equipment Required: Standard
Procedure:

A. Irradiation of Sample Material

1. Irradiate known amounts of test (Note 1) end comparator (Note 2)
gamples in a neutron flux of at least 6.5 x 161t r:L/naec,’t:m2 for 16 hours
(Note 3). Prepare the test and comparator samples for the irradiation
elther by vrapping each specimen in aluminum foll or placing it in a quartz

ampoule. R

B. Preparation of Irrudiated Materials For Analyails

I. The Comparator Sample

1. After the irradiation, quantitatively transfer the comparator sample

(Hote 2) to a 100-ml volumetric flask. Dissolve in agua regia and dilute To
volume wilth distilled water. By means of a volumetric pipette, p:i.pet at least
0.5 ml of the dilutiom to a 125-ml volume distiliation flask. Then add 2 ml
of osmium carrier (Note 4) and 10 ml of conc. HCl. Proceed with Step 2 7of

Part IT below.

II. The Test Sample
1. AZter the irradiation, quantitatively transfer the test sample

(Bote 1) to a 125-m1 volume distillation flask. Add 2 ml of osmium
carrier and 10 ml of conc. HCl. Heat to bolling under reflux conditions

in order to dissolve test sample.

15



PROCEDURE & ( Continued)

2. Add sn excess of satursted KI solution and boll to remove I2 Cool.

3. Then add sufficlent conc. HNO, to make sclution 6 H in HFO.. Hest

3 3
and distill in an alr stream. Catch the osmium carrier and the oamlum radio-
nuclides in 6 N HeOH ccntained in a centrifuge tube immersed in an ice beth
{Note 5). Continue distilldtion until no more carrier is glven off.
L, Saturete the § N BeOH solutlion with H.‘.S, then add enough conc. HC1
to make the solution ~ 1 N in HC1l. Heat to coagulsate precipitate {Bote 6);
then centrifuge. Discard supermatant liquid. Vesh at least once with 1 N HCI.
5. Dissolve OsS2 in conc. HEO

end redistill fram & 6 § HRO. solation.

3 3

Catch the 538G, in & N HaCH.

£. Make the HsOH solution slightly acid with HC1l and then add megnesium
metal povder in amall amounts. Heat gently while adding metal powder (Hote 7)
then toll. Add Mg povder and conc. AC1 as needed to completely precipitate
the osmlum carrier and the osmium radionuclide(s) as osmium metal. Wash the
metal precipitate with varm 2-6 F HC1 (Fote 8).

7. Filter, weigh a8 O3 metal and then mount for radlosctivity measurements.

C. Measurement of th= Radloactivity and Calculstion of Stable
Osmium Content of Test Seample

1. The csmlum radiocactivity in both the test and comparator samples may
be assayed elther for beta or gamma radioactivity. Use & Geiger-Mueller counter
for betse measurements and a gamma scintillation counter for the gamma measure-
ments (Fote G).

2. Folloving the radicactivity measurements, correct the observed
radicactivity for logs of “carrier” during the experiment, haltf-life of
the osmlum lsotope, and the semple velghts of both the test and comparator
samples iFote 10). A simple retio of these corrected radicactivities Le-
comes & measure of the amount of stable osmium in the teat sample:

Corrected Gs radicactivity in test 3
Corrected Os radicactivity in comparator sample

% Os in test sample = X 130.

16



PROCEDURE L (Continued)

Notes:

l. Use at least 0.1-0.2 gram portions.

2. Use at least 0.010 gram of osmium metal.

3. The limits of measurement for determining osmium by this procedure
18 0.0l microgrem.

4. Bvandardized to contaln at least 10 mliligrams of Os per millliliter.

5. Distills as 0s0; to glve a.n orange-colored solution.

6. Asroml solution may be us_ed to assist in coagulation.

7. Ceauses a reduction to some lower axidetlon statve of Oa.

8. Removes excess magnesium metal.

9. Gamma-rey energy discrimination may be used here.

10. Decay measurements may be folliowed, if required.
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